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PRP History

Michael S. Forman and Alia Koch

Introduction

The clinical applications and use of platelet-rich therapy (PRT) in medicine and
surgery have thrived over the past two decades. More specifically, platelet-rich
plasma (PRP) is an autologous blood product which contains a concentration of
platelets that is above the physiologic baseline for whole blood, reported to be three
to five times the normal value [1, 2]. PRP harnesses the signaling molecules and
growth factors of platelets such as vascular endothelial growth factor (VEGF),
fibroblast growth factor (FGF), platelet-derived growth factor (PDGF), epidermal
growth factor, insulin-like growth factors (e.g., IGF-1, IFF-2), matrix metallopro-
teinases (MMPs), and interleukin 8 (IL-8).

The concept was first described and developed in the field of hematology as early
as 1951 as a method to treat thrombocytopenia [3-5]. Interestingly, it was the field
of oral and maxillofacial surgery in the 1990s that really developed and repurposed
this biology for regenerative techniques. Over the past 20 years, its application has
spread significantly to other fields, particularly those dealing with musculoskeletal
problems, orthopedics, and cosmetic procedures, as well as cardiac surgery and
plastic surgery.

In order to appropriately understand the history of PRP and to recognize how far
this field has advanced, it is important to first appreciate the scientific discovery of
the importance of blood itself, its therapeutic potential, and innovative devices that
enabled blood to be separated into its components.
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Where PRP Started: History of Circulation and Blood Therapies

PRT would not be possible today if the earliest scientists did not first discover blood
itself and its ability to be used as a medical therapy (see Fig. 1.1). The first observa-
tion that blood was critical to life can be traced back in the scientific literature as
early as the seventeenth century. In 1615, a German physician, Andreas Libavius,
first described the power of blood and its potential for transfusion by advocating for
an artery-artery connection, writing ... [the] spirituous blood of the young man will
pour into the old one as if it were from a fountain of life, and all of his weakness will
be dispelled [6].”

The first known application of blood use for medical therapy was for blood
transfusions. Generally credited with the creation of blood transfusions was an
English Physician, William Harvey, who first published a description of blood
circulation in /628 [6]. Previously, scientists believed that blood was simply
produced constantly by the nutrients obtained from food and never stored or
circulated. It was Harvey who first described the idea of circulation in his text,
De Motu Cordis, in 1628 as, “It has been shown...that blood by the beat of the
ventricles flows through the lungs and heart and is pumped to the whole body...
it returns from the periphery everywhere to the center, from smaller veins to the
larger ones...blood moves around in a circle continuously and that the action or
function of the heart is to accomplish this by pumping [7].” This breakthrough
concept inspired the next generation of physicians, who believed in harnessing
circulating blood for its therapeutic potential.

The idea of blood transfusions between living organisms was originally reported
by another English physician, Richard Lower, who actually exhibited in Oxford the
effect of, first, exsanguinating a medium-sized dog and then, second, immediately

1665 1864 1956
Lowell Prandtl 1924 Closed, 3-bag 1998
demonstrated designed first Ultracentrifuge system described First use of
the first blood centrifuge for developed by to isolate PRP for Bone
transfusion  dairy farmers Svedberg platelets Regeneration

1628 1818 1914 1951 1961
Harvey Blundell Abel described Freeman isolated Plasmapheresis
described  performed Apheresis and  platelets with described
circulation first human- Blood separation ion-exchange
human resin
blood

transfusion

Fig. 1.1 A timeline of the notable achievements that led to the first use of PRP, including the
discovery of blood (1628), centrifuge creation (1864), and the clinical use of PRP in present
day (1998)
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bringing it back to life after directly receiving donor blood from two large mastiffs
in 1665 [6]. Just 2 years later in /667, multiple reports of physicians employing
xenologous transfusions between animals (e.g., calves, lambs) and humans were
published. However, this experimentation was eventually prohibited due to the
severe adverse reactions that resulted.

It was not until /818, over 100 years later, when an English obstetrician, James
Blundell, was widely credited for performing the first human-to-human blood
transfusion [8, 9]. He reported a successful transfusion of his patient with her
husband’s blood for the treatment of postpartum hemorrhage, utilizing a syringe
filled directly from the husband’s vein which was then injected directly into his
patient’s vein [8]. Blundell continued to publish data on his experience, developed
indications for transfusion, and innovated devices for transfusion which advanced
the field. The next major breakthrough was in 1908, when Austrian physician,
Karl Landsteiner, discovered A, B, and O blood groups for which he received the
Nobel Prize in 1930.

Naturally, as the science and clinical therapeutic breakthroughs of transfusion
medicine continued to flourish, it led to the novel idea of using a patient’s own blood
for its components. When did this start to happen? This generated an array of novel
medical and surgical therapies including PRP.

Innovation and Device Discovery

While younger clinicians may take readily available and affordable centrifuges for
granted in the twenty-first century, the technical difficulties of blood separation signifi-
cantly hindered physicians just 100 years ago. A centrifuge is a critical device capable
of separating particles of different size, shape, and density from solutions. It has a rap-
idly rotating container that applies centrifugal force to its contents. When blood is cen-
trifuged, it is separated into plasma and erythrocytes, due to differences in their specific
gravities. The platelets remain in the plasma, and hence PRP would not be possible
today without an accessible and reliable device to separate the components of blood.

Surprisingly, it was a German engineer, Antonin Prandtl, who developed the con-
cept of a centrifuge in 1864 for dairy farmers to separate cream from milk. Soon
thereafter, Swedish Engineer, Karl Gustaf Patrik De Laval, filed a cream separator
patent in 1878 for the first open, continuous-flow centrifuge which revolutionized
the dairy industry and later the entire medical field [10].

In 1924, a Swedish chemist, Theodor Svedberg, developed the ultracentrifuge,
which allowed for the determination of molecular weights of compounds [11]. With
forces capable of reaching >100,000 g, this development enabled scientists to sepa-
rate particles, determine weights, and conduct real-time analytics and photography
during its use. The original ultracentrifuge was based off a rotor that was powered
by a small turbine and pressurized oil, for which Svedberg earned a Nobel Prize in
1926 [12]. However, it was costly and difficult to manufacture, which limited its
widespread adoption. In 1925, Jesse Beams, an American Physicist, developed an
air turbine centrifuge that was powered by compressed air, and the speed was



4 M. S. Forman and A. Koch

determined by the air pressure driving it [13]. This product was easier to produce,
and by placing the air turbine in a vacuum chamber, it reduced friction, heating, and
convection of the substance being centrifuged [12]. A student of Beams, Edward
Pickels, eventually prepared the first commercially available centrifuge, the Model
E, in the late 1940s, through a company called Spinco. As these centrifuges became
more available, the devices ultimately allowed for separation of blood, cells, and
molecules and led to major scientific discoveries: proteins were discrete molecular
entities of defined size [11], DNA replicated in a semi-conservative nature [14], and
hydrogen bonds existed between base pairs in DNA [15], among many more.

Blood Separation

This technology was immediately put to use for blood separation. The original con-
cept of separating the portions of blood into plasma, leukocytes, erythrocytes, or
platelets and then returning the desired portions to the patient as a therapy dates
back to 1914, when plasmapheresis was first discovered [16]. The investigators col-
lected large volumes of blood from dogs, used a centrifuge to discard the plasma
(with platelets), and resuspended the erythrocytes in a more dilute solution before
returning it [16]. The investigators used dogs to demonstrate the ability to safely
withdraw large quantities of blood plasma as long as erythrocytes were resuspended
and returned to the host [16].

Initial use for this was targeted to patients with hematologic malignancies, pre-
dominantly leukemias, to collect large volumes of leukocytes and return the remain-
ing blood, in an efficient and continuous manner [17]. One of the original methods
for the separation of leukocytes from whole blood was in 1947. Vallee et al. used
differences in specific gravities of leukocytes and erythrocytes, along with albumin
to centrifuge whole blood and collect leukocytes at the plasma-albumin interface
[18, 19]. They layered whole blood on albumin solutions of various densities to
identify one that was in between the density of erythrocytes and leukocytes, so that
on centrifugation, red cells propelled through the albumin but leukocytes did not
and settled at the plasma albumin interphase [18].

At the time of the Second World War, a large need developed for the storage of
human blood components for transfusion. This need provided an opportunity for a
group from Harvard, led by professor Dr. J. Edwin Cohn, to employ the concept of
De Laval’s cream separator to separate plasma from whole blood [10, 19]. In 1951,
he developed the Cohn Fractionator which was able to successfully separate the
components of blood into plasma, leukocytes, platelets, and erythrocytes in a con-
tinuous manner [20]. Although his device was an incredible engineering achieve-
ment and provided large volumes, it was costly, complex, and never succeeded
commercially. How was this device so different than prior?

Large-scale and high-volume devices continued to be developed through the
1960s and 1970s and led to some novel achievements. These included the design of
the first closed continuous-flow centrifuge via a collaboration between International
Business Machines Corp. (IBM) and the National Cancer Institute (NCI) for
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treatment of hematologic malignancies [10, 21]. The continued advances in larger
scale device innovation is beyond the scope of this chapter but helped pave the way
for the work we do today related to PRP.

Platelet Separation and Isolation

As technology advanced with centrifuges and blood separation devices, the term
“platelet-rich plasma” appeared in the literature during 1950s. However, in early
investigations, PRP was merely mentioned when describing it as a clinically irrele-
vant first by-product of blood centrifugation [3]. In that context, red blood cells or
white blood cells were the desired product. It was the oncology field that drove the
research into efficient blood separation, specifically for leukocytes and platelets. The
two most important causes of death in acute leukemia were massive hemorrhage
secondary to thrombocytopenia and infection associated with leukopenia due to the
replacement of the bone marrow with leukemic cells [4]. Hence there was a focus on
improving survival and preventing hemorrhage in patients during active treatment,
which would drive platelet counts dangerously low (<60,000 platelets/mm?).

In 1951, Gustave Freeman, an American physician-scientist, was the first to
describe a technique to isolate platelets that was discovered incidentally. While
working with an ion-exchange resin to make blood uncoagulable by fixing calcium
ions, he noted “...it proved, fortuitously to cause partial disappearance of platelets
from the blood [5].” By passing 500 mL of donor blood through the resin column,
and subsequently washing the columns with saline to recapture the platelets, he was
able to obtain on average of 119,000 platelets/mm?, or 40% of normal platelet levels
[5]. For greater yield, he completed multiple passes of blood through four identical
resin columns which increased the yield to 90-95% [5]. At the time he believed this
method best maintained platelet morphological and physiological integrity that was
superior to centrifuge and washing, which required multiple handlings and manipu-
lations of the blood. What did the resin do to pull the platelets out?

In the following years, 1954—1956, a closed plastic system involving three sepa-
rate but connected bags was described for isolating platelets [3] (Fig. 1.2). The
apparatus was connected via tubing to the needle used for venipuncture. A bag with
a steel ball at the junction of the donor tube and bag opening allowed for the ball to
be released, which created a vacuum and initiated blood flow. Blood entered a
clamped, first bag where it was mixed with anticoagulant. After 500 cc was col-
lected, that blood was centrifuged resulting in a “platelet-rich supernatant plasma”
(1200 rpm x 20 min). The clamp was opened, which created an open flow between
the first, second (middle), and third bag. The entire assembly was centrifuged again
to separate the platelets from the plasma which were packed at the bottom of the
third bag (2500 rpm x 40 min). This yielded 60-70% of platelets. Also, with the
described three bag technique, packed cells and plasma were isolated simultane-
ously. This system also allowed for reconstitution of blood with platelet-poor
plasma (PPP) to reconstitute platelet depleted blood for various transfusions.
Ultimately, this was a closed system that decreased contamination risks of other
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1. Steel ball manually forced
from tube after venipuncture.
Blood flows into bag *1.
(mixes with anti-coagulant)

"~

Couplex

2. Bag *1 placed upside down

. in centrifuge cup. RBC separated
3. Diaphragm between bags *1 and *2 | from platelet-rich plasma.
punctured. Plasma flows into bag *3. A /

4. Platelets separated from plasma
in bag *3. Plasma removed from
bag*3 leaving platelet concentrate.

Fig. 1.2 Demonstrates a closed plastic system, which was one of the earlier systems used to iso-
late platelets

methods. While these advances offered a lot of flexibility for research, clinical use,
and blood banks, it was still difficult to obtain large volumes of thrombocytes [3].
Plasmapheresis is one of the greatest developments as a means for large volume
platelet isolation. In emergencies that required platelet transfusions, only whole blood
had been used for its platelets, which limited its utility due to the amount of volume
required. Platelet-rich plasma and platelet concentrates became a clinical focus in this
regard. The application of plasmapheresis as a method to generate a large volume of
isolated platelets was first introduced in 1961 [22]. The donor’s blood flowed into a
container which was detached and centrifuged. For this protocol, platelet-rich plasma
was obtained by spinning at 1100 rpm for 15 min (Fig. 1.3). Plasma was expressed
into a satellite plasma bag, and the red cells were returned directly to the patient with
saline, qualifying as plasmapheresis. Following re-transfusion, a second 500 mL
whole blood was collected using the second blood container and the process repeated.
This yielded 500 mL of platelet-rich plasma which could be collected for transfusion,
while packed red blood cells were immediately returned to the donor within the same
system (Fig. 1.3). Certainly, the volume of platelets generated by plasmapheresis is
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<—— Saline
o2
|
/— Phlebotomy needle
Whole
Blood
Container
Satellite ; Al / \ < Satellite
Plasma Bag - - ~ Plasma Bag

Fig. 1.3 Demonstrates one of the earliest systems to isolate platelets via plasmapheresis

geared towards large-scale patient transfusions, but this was a breakthrough for the
patients and donors involved in this treatment. This method was simple, is time effec-
tive, and did not involve large investments in devices like the Cohn Blood Fractionator.
The volume obtained in the 1961 investigation was two times the Cohn Fractionator’s
and was capable of producing any amount of plasma from a single individual staged
over time, such as 1 L per week for 3 months [22].

While some of the described techniques focused largely on component isolation
for transfusions and large volume purposes, it was these scientists’ advances that
enable us to isolate PRP so conveniently today and to help our patients. Now
400 years after the discovery of blood and circulation, we are still learning about the
power and potential of blood, its components, and specifically platelets. The use of
platelets and PRT should continue to advance as we better understand and utilize the
many components of human blood.

First Uses of PRP

Now that we have a better understanding of how we learned to isolate PRP for pres-
ent use, we will highlight a few of the high impact original applications in various
medical fields.
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Bone

In 1994 the idea of utilizing autologous blood products to enhance hard tissue
regeneration was first discussed in the oral and maxillofacial surgery (OMS) litera-
ture. The investigators isolated fibrinogen from the patient and mixed it with bovine
thrombin which was then sprayed over particulate cancellous bone and marrow for
reconstruction of mandibular defects [23]. Be more specific here of what the fibrin-
ogen/thrombin spray actually did.

A few years later in 1998, a group of oral and maxillofacial surgeons led by
Robert Marx were the first to formally introduce PRP to all fields specifically for the
enhancement of bone regeneration [1]. Interestingly, these investigators utilized
plasmapheresis in the operating room, as outlined previously in this chapter. Using
a cell separator, 400-450 ml of autologous whole blood was obtained through a
central venous catheter (CVC). As blood was drawn, citrate phosphate dextrose was
added to achieve anticoagulation; whole blood was centrifuged into three compo-
nents (RBCs, PRP, PPP); and ultimately after the PRP was isolated, the remaining
components were returned to the patient. What did Marx use the PRP for? Be more
specific. This design beautifully demonstrates a novel application for all of the
incredible discoveries and innovation dating back to the 1600s. Further, their results
suggested that addition of PRP to cancellous cellular marrow accelerated both the
rate and degree of bone formation at least for the first 6 months, with a mean tra-
becular bone area of 74.0% (PRP enhanced) versus 55.1% (control) [1]. This repre-
sents a 34% relative increase in bone formation.

I would add a very short paragraph here summarizing the use today of PRP
in OMFS.

Skin, Hair, and Wound Healing

PRP for use in the fields of dermatology, cosmetic procedures, and wound healing
did not gain widespread popularity in the literature for human use until nearly
2010. Cosmetic applications include facial rejuvenation, facial wrinkles, skin
elasticity, and some forms of alopecia [24, 25]. Wound healing benefits have been
seen for both treatment of chronic ulcers or scars and accelerated healing
postoperatively.

In 2006 an article first described the use of PRP for androgenic alopecia [26].
Investigators delineated two symmetric bald areas on 20 male patients between
the ages of 25-55. Follicular units embedded with PRP were implanted com-
pared to untreated follicular units as controls. After a follow-up period of 7
months, the PRP-implanted site exhibited a density of 18.7 follicular units per
cm?, compared to the control group of 16.7 follicular units per cm? [26]. This
represented a 12% increase in follicular density (p < 0.001) [26] and generated
tremendous discussion in the field. Since that time, multiple reports appear to
support the use of PRP for androgenic alopecia with additional biological and
histological support [25].
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A median sternotomy is a common surgical access for cardiothoracic (CT) sur-
gery operations. Unfortunately, deep sternal wound infections and dehiscence can
affect up to 8% of patients and lead to significant morbidity and even mortality [27].
This clinical problem led the CT surgical field to investigate PRP to promote earlier
and improved wound healing. One investigation looked at 2000 patients where
6 mL of PRP was applied to the sternum and soft tissues during closure. This study
found an absolute risk reduction of 7.41% for deep and superficial surgical wound
infections [27]. Other investigations have also pointed to possible bactericidal prop-
erties of PRP [28].

Orthopedics and Arthritis

PRP injections started to be studied for the treatment of osteoarthritis (OA) in the
early 2000s. The effect of treatment with intra-articular PRP injections into OA
joints were compared to placebo, control, and hyaluronic acid in multiple reports.
With regard to both pain and function, the injection of PRP in OA indicates a benefi-
cial therapeutic effect for patients [29, 30]. Although there have been conflicting
data, the biology supports its use.

Conclusion

The idea of exploiting an autologous blood product as a therapeutic treatment is
now scientifically and clinically accepted. However, it is important to appreciate the
challenges and scientific questions that earlier scientists addressed to allow modern-
day clinicians to practice the way we do today. It took centuries for blood to be
understood, its components to be discovered, device innovations to follow, and then
its therapeutic potential explored on animals and humans. Today, in part thanks to
the dairy industry, we are able to isolate platelets within 10-20 min from a tabletop
centrifuge in the office or operating room.

There is still much to be learned and discovered regarding PRT and its specific
factors. The utility of platelets and PRT will only continue to evolve as we move
forward in the everlasting quest of scientific advancement. Hopefully, with the
available technological resources at our disposal, unrealized questions with respect
to PRP will be answered in time for the next chapter.
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Introduction

The use of platelet concentrates in the field of regenerative medicine has become
more prevalent since its early adoption in dentistry and maxillofacial surgery in
1997 [3, 4]. These concentrates have promising implications for future use with
continued research and refinement. Platelets have traditionally been used to treat
patients with severe blood loss due to thrombocytopenia. In addition to its involve-
ment with the coagulation cascade, platelets store a significant quantity of growth
factors such as platelet-derived growth factor (PDGF), transforming growth factor
B-1 (TGF B-1), and vascular endothelial growth factor (VEGF) [5]. Researchers
determined that proper isolation techniques could yield high quantities of these
growth factors to stimulate the local environment [1, 6]. Platelet-rich plasma (PRP)
was first mentioned in publication in 1954, which led to the discovery of its use as
a therapeutic agent 10 years later [1].

PRP is a biomaterial that contains high concentrations of platelets and plasma
proteins resulting from whole blood centrifugation. The addition of anticoagulants
is essential to the production of PRP, which is one of the defining differences
between PRP and PRF [7]. While PRP is considerably older than PRF, disparity
with the PRP preparation protocol still exists [5] and will be discussed below.
Platelets contain numerous secretory granules, with alpha granules containing
PDGF, VEGF, TGF-B, insulin-like growth factor (IGF), epithelial growth factor
(EGF), endothelial cell growth factor (ECGF), and fibroblast growth factor (FGF).
Upon platelet activation and degranulation of alpha granules, the release of growth
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factors and cytokines ultimately accelerates healing via cell proliferation and dif-
ferentiation [1].

PRF, the second-generation platelet concentrate, was first utilized in 2001 by
Chourkroun et al. in the field of oral and maxillofacial surgery [8]. The impetus for
the development of PRF emanated from dissatisfaction with the existing PRP prepa-
ration protocol and lack of standardization. PRF production is faster, simpler, and
more economical compared to its predecessor [9]. Researchers have also sought to
improve the regenerative clinical outcomes of platelet concentrates. The advance-
ment from first-generation PRP to second-generation PRF led to modifications in
the spatiotemporal delivery system of growth factors. PRF’s fibrin matrix is polym-
erized in a more flexible tetra molecular structure, incorporating higher levels of
cytokines and growth factors [7, 10, 11]. The motivation to utilize PRP or PRF
remains the same, to leverage the growth factors released for regenerative purposes.
While both plasma concentrates contain many of the same growth factors, great
interest remains in quantifying the differences in growth factor release and overall
efficacy of use [12].

Preparation of PRP and PRF

PRP and PRF preparation protocols utilize the same armamentarium with both
requiring centrifugation of whole blood samples to isolate the platelet concentrate.
PRP preparation continues to lack any standardized protocol, according to a recent
systematic review. PRP techniques currently utilized vary in parameters such as
spin time and gravitational force and have led to increased difficulty in comparing
the efficacy of treatment across different studies [13, 14]. All PRP protocols begin
with blood sample collection with anticoagulant and immediate centrifugation for a
set time point. The result is three separate layers with the red blood cells located on
the bottom, the acellular plasma located on top, and the “buffy coat” located in the
middle. Depending on the PRP protocol utilized, a second round of centrifugation
is utilized to isolate the “buffy layer,” which contains the concentrated platelets.
Once the layer is isolated, thrombin and calcium chloride are utilized to activate the
platelets and enable fibrin polymerization as the concentrates are applied to the site
of targeted therapy [5].

PRF fabrication can be achieved with a more simplistic approach in comparison
to PRP. It should be noted that PRF does not require the addition of anticoagulants,
thrombin, or calcium chloride following sample collection. Physiologic levels of
thrombin are sufficient to enable the formation of a fibrin matrix [7]. The blood
sample is collected and immediately centrifuged resulting in three layers: the top
layer consisting of cellular plasma, the middle layer consisting of the PRF clot, and
the bottom layer consisting of red blood cells. Contrary to PRP, the absence of anti-
coagulants in the PRF protocol results in platelet activation and the coagulation
process upon contact with the glass surface of the sample tube. Fibrinogen is pri-
marily located in the upper portion of the tube, ultimately coming into contact with
thrombin, resulting in a fibrin product [6].
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The preparation protocol for PRF is cited as one of the main advantages over
the use of PRP. PRF fabrication is simplistic and low cost in nature, making it a
more appealing product when compared to PRP. PRF does not require any manip-
ulation of the blood sample unlike PRP, which requires anticoagulant and throm-
bin additives. There is a reduced chance for user error when fabricating PRF as
there are fewer steps involved and no blood manipulation [6, 7]. Much contro-
versy and variation exists when discussing the PRP preparation protocol, creating
difficulty when comparing the efficacy of PRP across studies [13]. It is worth
mentioning that the PRF preparation is time sensitive; therefore the user must be
well versed in the protocol and blood collection. In addition, PRP does not require
the use of glass coated tubes, which is needed for clot polymerization in the PRF
protocol [6, 10, 15].

Efficacy of Growth Factor Release and Use in a Clinical Setting

PREF, a second-generation platelet concentrate, is lauded for its simplistic approach
when compared to the first-generation platelet concentrate PRP. This simplistic
approach is a driving force behind PRF’s utilization over PRP, but researchers con-
tinue to investigate the efficacy of growth factor release and overall clinical results
[16]. In a study involving 18 blood samples from 6 donors, the authors aimed to
compare the growth factor release from PRP, PRF, and a modernized PRF product
identified as advanced platelet-rich fibrin (A-PRF) [12]. A-PRF utilizes a modified
preparation protocol in comparison to traditional PRF by reducing the centrifuga-
tion speed from 2700 rpm to 1500 rpm. Curtailing the centrifugation speed has
previously shown a resulting increase in platelet quantity and improvement in autol-
ogous cell function [17]. The release of growth factors PDGF-AA, PDGF-AB,
PDGF-BB, TGFB1, VEGF, EGF, and IGF was quantified using ELISA at time
points of 15 min, 60 min, 8 h, 1 day, 3 days, and 10 days. At earlier time points, PRP
was found to release a greater number of growth factors when compared to PRF and
A-PRF. However, PRF and A-PRF were found to release a larger number of growth
factors released at later time points over PRP. A-PRF exhibited the most impressive
results not only regarding growth factor release at the later time points but also with
total protein accumulation over the length of the study [12].

The prolonged release of growth factors and cytokines by PRF does not neces-
sarily translate to superior results over PRP in a clinical setting. A meta-analysis of
randomized clinical trials comparing the efficacy of PRF and PRP in arthroscopic
rotator cuff repair found improved clinical results with PRP utilization over
PRF. The authors found that PRP had clear benefits in accelerating tendon healing
rates, pain level, and overall functional outcome. No benefit to tendon healing or
functional outcomes was seen with PRF utilization [18]. A prospective clinical
study on PRF use in rotator cuff tendon healing went so far as to suggest PRF inhib-
its the tendon healing process. It was hypothesized that following the dissolution of
the fibrin clot sutured between tendon and bone, a space forms which is detrimental
to therapeutic efforts [19].
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One can surmise that the clinical scenario is a key determinant in choosing
between platelet concentrates. As previously mentioned, a meta-analysis of ran-
domized clinical trials found improved clinical outcomes with PRP utilization for
arthroscopic rotator cuff repair [18]. However, studies also demonstrated that PRF’s
controlled long-term release of growth factors improved osteoblastic proliferation
and differentiation when compared (to) PRP [11]. A comparative study of PRP and
PRF on rat osteoblasts explains PRP’s overall limited potential in stimulating bone
regeneration. PRP’s rapid growth factor release prior to local tissue cell outgrowth
and thrombin’s potential toxic effects are thought to reduce PRP’s regenerative
potential. Contrarily, the gradual release of growth factors with PRF utilization was
said to lead to a stronger and more sustained osteoblastic response in rats in vitro
[11]. The treatment of soft tissue defects with PRF has been shown to have improved
healing and regenerative potential. PRF is found to increase the amount of keratin-
ized mucosa surrounding dental implants, and maintaining a specified width of
keratinized mucosa is thought to be a determinant in periodontal health and the
prevention of gingival recession [20].

Conclusion

There is mounting evidence regarding the therapeutic potential of PRP and
PRF. However, discrepancies continue to exist in scientific literature when compar-
ing the efficacy of treatment in a clinical setting. The lack of standardization in the
PRP preparation protocol is thought to be a contributing factor to these inconsisten-
cies. PRF’s simplistic preparation protocol and gradual sustained release of growth
factors are major advantages over PRP. However, the supposition that PRF will
provide superior results as a therapeutic agent does not consistently translate into
clinical trials. Additional, high-quality studies are needed to better interpret the effi-
cacy of use across the various applications in regenerative medicine.
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Introduction

The blood contains numerous cells, proteins, and factors that aid in wound repair.
Platelets are cytoplasmic fragments of megakaryocytes and are the main players in
primary wound healing. Platelets are known to secrete many protein growth factors
that aid in wound healing. Platelets secrete high quantities of growth factors and
cytokines such as platelet-derived growth factor (PDGF), transforming growth fac-
tor beta-1 (TGFf1), and vascular endothelial growth factor (VEGF), among others.
Primary wound healing is essential in clinical medicine, and without it, surgical
procedures would not be possible. Primary hemostasis starts with the activation/
aggregation stage. An injury or surgical procedure damages endothelium resulting
in exposure of collagen and tissue factor. Integrin GPIa-Ila and GPVI bind to col-
lagen first, and von Willebrand factor (vWF) binds to the expose collagen. The cir-
culating platelets bind to the vVWF via GP1b-IX-V receptor. The platelets change
shape producing many filopodia to increase their surface contact, and their receptors
become active by P2Y1 and ADP. Activated platelet turns on scramblase, moves
negatively charged phospholipids from the inner to the outer platelet membrane
surface, and provides catalytic surface for tenase (FXa) and prothrombinase com-
plex (FXa + FVa) using calcium ions as glue. The activation increases TxA, produc-
tion which stimulate platelet activation on other platelets as well as its own
thromboxane receptors. The platelets then secrete their granules. Dense granules
include ADP, which, we stated, activate platelets and help them bind to endothelium
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and cause glycoprotein 2b and 3a (Gpllb/IIla) to be expressed on platelets surface.
Alpha granules contain PDGF, TGFp, fibrinogens, vWFs, and others. Fibrinogen
binds to glycoprotein 2b and 3a receptor allowing linkage of platelets to occur. This
lays the foundation for secondary hemostasis to occur.

Clearly, these tiny cytoplasmic fragments are intensely complicated, and their
natural role in wound healing makes them extremely potential to aid in post-surgical
and clinical applications. Marx first described the use of platelet-rich plasma (PRP)
and platelet-rich fibrin (PRF) in the dental field in 1998 where he reported positive
healing of the alveolar bone with its use [1]. In 2001, Marx attempted to define
PRP. He stated: “normal platelet counts in blood range between 150,000/uL and
350,000/pL and average about 200,000/uL. Because the scientific proof of bone and
soft tissue healing enhancement has been shown using PRP with 1,000,000 plate-
lets/pL, it is this concentration of platelets in a 5-mL volume of plasma which is the
working definition of PRP today” [2]. Differentiation in preparation results in dif-
ferent platelet concentrations. The easiest way to remember it is at least one million
platelets per microliter in 5-mL product.

All PRP/PRF preparation techniques begin with phlebotomy and collecting
blood. The blood is placed in a centrifuge to separate into the red blood cells layer
at the bottom, the acellular plasma layer at the top, and the middle platelet concen-
trate layer in the middle. The protocol for preparation varies depending on which
type of platelet-rich product the practitioner is hoping to achieve. Ehrenfest et al.
attempted to define four main families of preparations the are delineated based on
their cellular content [3, 4] (see Fig. 3.1). They define the pure platelet-rich plasma
(P-PRP) as leucocyte poor platelet-rich plasma product that is made without leuco-
cytes and with a low-density fibrin network after activation. The second category is
leucocyte- and platelet-rich plasma (L-PRP) which is the most utilized in the litera-
ture and clinical practice as most commercial kits fabricate this type. It is similar to
the first with the addition of leucocytes. The third category is pure platelet-rich
fibrin (P-PRF) which is without leucocytes but has a high-density fibrin network
that produced a strong gel clot. The last category they describe is leucocyte- and
platelet-rich fibrin (L-PRF).

Commercial Products

The protocol for platelet-rich product production varies depending on which clas-
sification is needed. Many commercial products are available that include special-
ized kits and centrifuges that are calibrated to generate the desired product and with
high concentrations. The reason the commercial products have become so popular
is due to their usability, requiring almost no outside knowledge by the user, and the
consistency of the platelet concentrations. The drawback to these products is the
cost. While a simple centrifuge can be used to obtain similar results, without active
knowledge by the clinical, the final product might not have platelet concentrations
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Fig.3.1 This is an illustration of the matrix and architecture of the four families of platelet con-
centrations described by Ehrenfest et al. (Reproduced with permission and without alteration from
Dohan Ehrenfest et al. [3], Figure 4)

above baseline. Remember, as defined by Marx, platelet-rich plasma is a volume of
autologous plasma that has a platelet concentration above baseline [2]. One study
compared six different single-spin methods of preparation that are common in the
private practice. They found that all six produced PRP with moderate variability in
concentration and two methods were able to produce P-PRP (gel tube separator and
double-syringe Arthrex ACP®). The cost for supplies varies dramatically, with the
lowest being about $2 and the most expensive around $234 [5].

After doing a quick literature search, the most common commercial brands for
the fabrication of platelet-rich products included Harvest Technologies, Arteriocyte
Magellan, Cytomedix Angel System (Arthrex), GenesisCS APC, RegenKit, Biomet
GPS III Platelet Separation System, PCCS from Biomet 3i, Sequire, CATS,
Sequestra, and UltraConcentrator. It is very likely that many other companies exist
that make equivalent products. The commercial systems are easy to use, and the
practitioner should follow the manufacturer’s specific protocol. This chapter will
focus on the protocol for PRF and PRP fabrication using any basic centrifuge and
not a commercial kit.
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Protocol for PRF Preparation

PRF is more simplistic then that of PRP production. To fabricate PRF, the provider
must obtain 10 cc of the patient’s blood in an appropriate blood sample tube, typi-
cally a red top single-use BD Vacutainer® blood tubes with no added preservatives.
The sample should then be immediately placed in a centrifuge and run at 2,500 rpm
for 12 min. Failure to immediately place the tube in the centrifuge can inhibit PRF
formation. One study recommends the fabrication of what they call advanced
PRF. Production is made similarly to the above mentioned PRF but instead centri-
fuged at a slower speed of 1500 rpm for 14 min [6]. The modification is believed to
increase the platelet cell numbers and macrophage behavior. The yellow clot layer
can then be removed from the tube using college pliers (see Fig. 3.2).

Fig. 3.2 PREF after being
removed from a 10 cc BD
Vacutainer®
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Protocol for PRP Preparation

The protocol for PRP preparation has much more variability than the production of
PRF (see Table 3.1). PRF can be easily made from a standard centrifuge. Many
commercially available PRP kits exist with specific centrifuges to make the process
easier, although this can contribute cost. An alternative to this is a process described
by Ben Eby. First 8 cc of acid-citrate-dextrose solution A (ACD-A) is drawn into a
60 cc syringe. Next 52 cc of venous blood is drawn though the IV site into the
syringe. Gently rock the vials back and forth to allow mixing of the ACD-A and the
blood. Draw 9 cc of the ACD-A/blood mixture and place into a 10 cc BD Vacutainer®
and repeat for a total of six tubes. (If drawing into 10 cc BD Vacutainer®, draw 8 cc
of venous blood and add 1.2 cc of ACD-A.) The tubes are placed in to the centrifuge
and run at 3000 rpms for 10 min. Next, using a 30 mL syringe and a 16-gauge cath-
eter, draw off the yellow top layer from each tube leaving the compact red blood cell
layer behind. When ready to use the PRP, one must activate it, using 5000 units of
bovine thrombin powder and 5 cc of 10% CaCl. Next mix 0.15 mL of the thrombin/
CaCl to each millimeter of PRP you wish to activate. While the utilization of more
expensive centrifuges (upwards of $8000 and $250 single-use components) may
yield larger platelet concentrations, Dr. Eby reports a 358% increase with the
described method [7].

An alternative method is referred to as the ACD yellow top tube method after
Petersons and Reeves. With this protocol, 8.5 cc of whole blood is collected in an
ACD yellow top tube (BD Vacutainer ACD®). The tube is placed in a centrifuge and
spun at 1000 g [RCF (g) = 1.12 x radius x (rpm/1000)?] for 10 min. The platelet-rich
poor layers is drown off from the top leaving 1-2 cc of PRP just below [8].

Table 3.1 The cost, time, and PRP produced from different PRP protocols

Whole  PRP Platelet

Supply blood volume concentration Total platelet

cost Time used produced  per 5 mL of concentration
Method (estimate) (min) (mL) (mL) PRP per protocol
ACD yellow $2 15 8 2.1 3,047,615 1,279,998
top tube
Single $3 20 14 4.1 3,089,020 2,532,996
syringe
Eby method  $55 15 52 7 4,370,900 6,119,260
YCellBio $62 15 15 4 3,592,500 2,874,000
blood
separation kit
Eclipse PRP  $102 15 11 12.7 3,579,625 9,092,247
kit
Arthrex ACP  $113 10 15 5.6 2,817,855 1,279,998
double-
syringe
system
Arthrex $234 40 120 17 5,213,235 2,532,996
angel

Data to construct this table was obtained from Harrison et al. [5]
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A third protocol is referred to as the single 20 cc syringe method by Harrison et al.
The authors state 1.5 cc of sodium citrate at a concentration of 40 mg/mL is drawn
up into a standard plastic 20 cc syringe. 15 cc of whole blood is then drawn into the
syringe and mixed. The syringe is placed into a centrifuge for 10 min at 1000 g [5].
All the plasma layer and then 0.6 cc of the red layer is included. For comparison,
Harrison et al. have a table that includes the single syringe and ACD yellow top tube
with three commercially available products: Eclipse PRP Kit, YCellBio Blood
Separation Kit, Arthrex Angel, and Arthrex ACP Double-Syringe System.

Conclusion

Most classify platelet-rich products into four main families of plasma products:
P-PRP, L-PRP, P-PRF, and L-PRF. Different commercial products that include a
commercial branded centrifuge with single use components are available that can
produce each of the four families. Each manufacture includes a specific protocol in
terms of how much blood is needed. While the optimal PRP dosage for most clinical
applications is unknown, the available literature does suggest an inadequate and
excessive dosage exists, suggesting an optimal dose can be found with further inves-
tigation. PRP and PRF can be fabricated with a simple single-spin centrifuge and
without expensive commercial cartridges or components, but the levels of bioactive
product are likely to be more inconsistent. Providers should perform a cost/benefit
analysis to determine if one of the commercially available systems would be appli-
cable in their daily practice and for their specific patient care needs.
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Introduction to PRP in Orthopedics

PRP is an autologous growth factor therapy containing a platelet concentration
greater than that of whole blood. Centrifugation and separation techniques are used
to prepare PRP [1]. PRP accelerates tissue regeneration via three distinct mecha-
nisms: anabolic, anti-inflammatory, and scaffolding. In the anabolic mechanism,
platelets secrete growth factors including TGF-p, IGF-1, and VEGF. These growth
factors promote mitosis, angiogenesis, and cell migration leading to increased tissue
regeneration. In the anti-inflammatory mechanism, platelets release anti-
inflammatory cytokines such as IL-1 receptor antagonist, IL-4, IL-10, and IL-13
which preserve cartilage indirectly by limiting the catabolic effects of pro-
inflammatory cytokines [2, 3]. The scaffolding mechanism is triggered by PRP’s
plasma proteins. Fibrinogen along with other clotting factors form a fibrin matrix
that allows for cell adherence and proliferation [3].

The composition of PRP varies due to its autologous nature and differences in
preparation methods [4, 5]. While they primarily contain platelets, PRP samples
may now include leukocytes and thrombin or calcium chloride for platelet activa-
tion [1, 5]. Numerous PRP preparations can be used clinically because the FDA
exempts autologously derived blood products from regulation. Furthermore, many
preparation kits with different platelet recovery capacities have entered the market
via the FDA’s 510(k) application [6]. The resulting disparity among PRP samples
reduces the credibility of generalizations about PRP from literature.
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Osseous Healing

PRP is commonly mixed with bone grafts to enhance the grafts’ effects, as seen in
Gu et al. [7]. In this study, a PRP scaffold was administered in conjunction with a
cancellous bone autograft to 14 patients with Hepple stage V osteochondral lesions
(OCLs) of the talus. Multiple patient follow-ups were conducted for up to 2 years
post-surgery. During these follow-ups, ankle joint range of motion (ROM) and gen-
eral health, assessed by the VAS and SF-36, were regularly recorded. Ankle radio-
graphs and an MRI were gathered at the final follow-up. The MRI showed a full
regeneration of subchondral bone and cartilage in all patients. Radiographs dis-
played a bony union at the osteotomy site in all patients. Furthermore, ROM and
general health improved significantly when comparing pre- and postoperative
scores (p < 0.0001 for both). Healing occurred without complications in all patients.

Gormeli et al. [8] compared the efficacy of PRP and hyaluronic acid (HA)
injections as adjuncts to arthroscopic microfracture surgery on OCLs of the talus.
40 patients were selected for the study and randomly divided into 3 groups: a PRP
group (n = 13), an HA group (n = 14), and a saline control group (n = 13). All
patients were initially treated surgically using arthroscopic debridement and
microfracture techniques. PRP, HA, or saline injections were administered
24-36 h after surgery. Pain and function were evaluated prior to treatment and at
afollow-up (mean = 15.3 months, range = 11-25 months) using VAS and American
Orthopaedic Foot and Ankle Society (AOFAS) scoring. A decrease in VAS score
demonstrates improvement in health and well-being, whereas an increase in
AOQFAS score signifies lesser pain and greater function. Postoperative VAS scores
were significantly lower in all three groups compared to preoperative values
(p < 0.001 for all groups). In particular, the PRP group showed a significantly
greater decrease in VAS value than the HA or control group’s (p < 0.005). For
AOQOFAS scoring, follow-up scores were significantly higher than baseline values
for all three groups (p < 0.001 for all groups). The increase in AOFAS score for
the PRP group was significantly greater than the increase in HA or control group
value (p < 0.005).

Wei et al. [9] determined whether an allograft combined with PRP would
improve displaced intra-articular calcaneal fracture healing. 276 fractures were
randomly selected to receive one of three treatments: an autograft alone (n = 101),
an allograft alone (n = 90), or an allograft with PRP (n = 85). Follow-ups were
conducted at 12, 24, and 72 months post-surgery. Healing outcomes were evalu-
ated by AOFAS scoring and radiographic parameters (Bohler’s angle, Gissane’s
angle, calcaneal body dimensions). At 24 and 72 months, the allograft with PRP
and autograft groups had significantly better AOFAS scores and radiographic
parameters than those of the allograft alone group (p < 0.05). No significant dif-
ferences in outcomes were found between the allograft with PRP and the autograft
(see Table 4.1).
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Ankle Osteoarthritis

Ankle osteoarthritis is a relatively infrequent degenerative joint disorder with lim-
ited treatment options [10]. Surgery is mainly preferred for late-stage and advanced
cases. Less invasive options, including PRP injections, are being researched to treat
mild to moderate forms of ankle osteoarthritis [11].

Fukawa et al. [11] examined the effectiveness of biweekly PRP injections in 20
patients with ankle osteoarthritis. One ankle from each patient was treated with
three injections of 2 mL PRP during each session. Injections were guided using
ultrasound. Patients were evaluated at 4, 12, and 24-week time points using VAS
and a Self-Administered Foot Evaluation Questionnaire (SAFE-Q). An increase in
SAFE-Q score indicates improvement in overall health. VAS scores at each follow-
up time point were significantly lower than baseline (baseline vs 4 weeks: p = 0.00,
baseline vs 12 weeks: p < 0.001, baseline vs 24 weeks: p = 0.02). SAFE-Q scores
were higher than baseline with significance only at the 12-week time point (baseline
vs 12 weeks: p = 0.04). Though the results support PRP’s use in modulating osteo-
arthritic pain, VAS scores and SAFE-Q scores peaked at 12 weeks signifying that
PRP’s effects were short term in this study.

A case series by Repetto et al. [10] determined whether PRP injections given to
20 patients with medium to advanced ankle osteoarthritis would improve symptoms
and delay surgery. Previously, patients had tried other therapies for at least 6 months
with no improvement. In this study, one ankle from each patient was treated with
four injections of 3 mL PRP once a week. Follow-ups were conducted at a mean of
17.7 £ 6.4 months post-therapy. Pain and function were assessed using VAS and
Foot and Ankle Disability Index (FADI), respectively. A significant reduction in
pain (p = 0.0001) and a significant improvement in ankle function (p = 0.001) were
found from baseline to follow-up for 18 of 20 patients. Two patients had to drop out
early and needed surgery because the treatment was inadequate for them. Although
this level IV case series concluded that weekly PRP injections can improve mid- to
long-term symptoms of patients with late-stage ankle osteoarthritis, this study is
limited due to small sample size and lack of a control.

Introduction to PRP in Sports Medicine

Platelet-rich plasma (PRP) is an autologous substance rich in platelets that release a
wide variety of growth factors from both o and dense granules. PRP contains PDGF,
vascular endothelial growth factor, TGF-, IGF-1, b-FGF, human growth factor, and
endothelial growth factor. These growth factors have been associated with the initia-
tion of a healing cascade resulting in cellular chemotaxis, angiogenesis, collagen
matrix synthesis, and cell proliferation [5, 11]. Interest in the use of PRP for the treat-
ment and adjunct to sports medicine pathology is increasing; however, its use remains
controversial in some regard. Media portrayal of positive results of PRP to treat pro-
fessional athlete injuries has garnered attention from elite and recreation athletes alike
[12]. The use of PRP by athletes is legal in all US professional sports leagues, as well
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as the World Anti-Doping Agency, and has gained popularity by athletes to treat con-
ditions such as rotator cuff tears, tendinopathies, and ligamentous injury [13]. As pre-
viously discussed, platelets house several growth factors including transforming
growth factor beta (TGF-B), platelet-derived growth factor (PDGF), insulin-like
growth factors (IGF I, II) fibroblast growth factor (FGF), epidermal growth factor
(EGF), and vascular endothelial growth factor (VEGF) [14]. These growth factors
have been associated with the initiation of a healing cascade resulting in cellular che-
motaxis, angiogenesis, collagen matrix synthesis, and cell proliferation [5, 11].

The challenge that sports medicine clinicians face is interpreting the results of
the many studies examining the effects of PRP injection due to the significant het-
erogeneity in PRP preparations and injuries that are attempting to be treated. The
following sections will highlight the use of PRP in common specific pathologies
encountered by the sports orthopedic clinician.

Muscle Injuries

Muscular injuries account for a large proportion of sports-related injuries, often
leading to prolonged absence from sport and lengthy rehabilitation. Of these lesions,
most occur in the major muscle groups: hamstrings, adductors, quadriceps, and calf
muscles, with hamstring strain accounting for about 29% of all sports injuries and
recurrence rates up to 40% within the first year [15-17]. Various treatment algo-
rithms exist focused on returning patients to a pre-injury level of play, in as little
time as possible with minimal risk of recurrence [18]. Despite the prevalence and
recurrence of these injuries, little evidence exists to support specific management
protocols [19, 20].

The use of PRP for muscle injuries has grown considerably over the last decade,
based on the effects that growth factors have on stimulating tissue healing and accel-
erating myofiber regeneration [21, 22]. While early in vitro and animal studies eval-
uating the efficacy of PRP on muscle healing showed a beneficial effect, these
results have not consistently resulted in improvements in humans, bringing into
quest the actual clinical benefit [23-25].

Hammond et al. [25] evaluated the effectiveness of PRP in a rat injury model
with induced tibialis anterior muscle strains. They found that rats who received PRP
injections at site of muscle strain had a quicker recovery as well as a quicker return
of pre-injury contractile function. In 2014, Hamid et al. [26] performed a random-
ized controlled trial assessing short-term results of PRP injections plus rehabilita-
tion protocol compared with rehabilitation alone in 28 athletes with acute hamstring
injuries. Subjects in the PRP group had faster return to play than subjects in the
rehabilitation-only group (26.7 = 7.0 versus 42.5 + 20.6 days) and less pain.
Similarly, Rossi et al. [27] performed a randomized controlled trial evaluating PRP
injections plus rehabilitation compared with rehabilitation alone with 2-year follow-
up. Patients in the PRP group achieved quicker full recover (21.1 + 3.1 days versus
25 + 2.8 days) with significantly lower pain severity scores. Difference in recur-
rence rates after 2-year follow-up was not statistically significant between groups.
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Table 4.2 PRP for muscle injuries

Return to Reinjury
Double/ Return to play mean PRP vs
Study Control single  US play mean (days) control
Study Year type group blind guided (days) PRP  control ratio
Reurink 2015 RCT Saline Double Yes 43.6 +/—20.2 47.9 +/—23.3 0.9:1

et al. [29] injection  blind
Hamilton 2015 RCT Noneor  Single Yes 222+/-9.6 252+/—-88 0.75:1
et al. [30] BEE blind

injection
Rossi 2016 RCT None Single  Yes 21.1+/—3.5 25+/-2.8 0.5:1
et al. [27] blind
Martinez- 2016 RCT Hematoma Double Yes 31.6 +/— 154 38.4 +/—18.6 1:1
Zapata evacuation blind

etal. [31]

*Data using PPP as control was excluded
PPP platelet poor plasma

Despite early promising outcomes, the benefits were less consistent as higher-
level studies were completed (see Table 4.2). In 2015, Pas et al. [28] performed a
meta-analysis evaluating all literature investigating the use of PRP in acute ham-
string injuries. The interpretation of these results was that there was no significant
difference when evaluating for pain, return to play, recurrence rates, or strength
when compared with study controls. Based on the literature, potential for PRP exists
to play a beneficial role in treating muscular injuries, but at this time, there remains
insufficient evidence to support its use in standard treatment protocols.

Platelet-Rich Plasma for Achilles Tendinopathy

Achilles tendinopathy is a common musculoskeletal complaint and often occurs due
to overuse of the Achilles tendon [32, 33]. PRP is one of several conservative treat-
ments applicable to this injury. Research on PRP’s value as a treatment for Achilles
tendinopathy is growing because no single treatment has emerged as the best ther-
apy for this condition [33].

Zou et al. [32] investigated PRP’s efficacy on ruptured Achilles tendon healing.
The study consisted of 36 patients randomly divided into two groups: a PRP group
(n =16) in which PRP was injected into the paratenon sheath during surgery and a
control group (n = 20) in which no injection took place. Postoperatively, patients
had multiple follow-ups for up to 2 years during which the Leppilahti score, SF-36
score, ankle ROM, and calf strength were assessed. Pain, stiffness, and muscle
strength, as measured by the Leppilahti score, were significantly better for the PRP
group than the control group at 6 and 12 months post-surgery (p < 0.05). The PRP
group also had significantly better general health, as estimated by the SF-36 score,
than the control group at the 6-month time frame (p < 0.05). Ankle ROM was sig-
nificantly greater for the PRP group than the control group at all time points
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(p < 0.001). For isokinetic calf strength, no significant difference was present
between the PRP and control groups (p > 0.05).

The long-term effects of PRP in Achilles tendinopathy were assessed by Guelfi
et al. [33], in which 83 tendons from 73 patients with chronic recalcitrant Achilles
tendinopathies were treated with one PRP injection per tendon. Follow-ups were
conducted at 3 weeks and 3- to 6-month intervals thereafter with the final follow-up
occurring at a mean of 50.1 months post-injection. To evaluate healing, the Victorian
Institute of Sport Assessment—Achilles (VISA-A) questionnaire and Blazina score
were used, both to measure pain, function, and activity. At the final follow-up,
VISA-A and Blazina scores significantly improved compared to baseline, indicating
decreased pain and increased activity in the long term (VISA-A, p < 0.01; Blazina,
p < 0.05). Patients rated 76 of the 83 tendons as satisfactory during follow-up ses-
sions. The seven tendons that were rated below satisfactory were retreated with a
second PRP injection occurring at a mean of 12 months after the first injection. All
seven of these Achilles tendons proceeded to receive improved VISA-A and Blazina
scores. Patients reported no tendon ruptures during the course of the study.

While PRP is safe and may provide some benefit, insufficient evidence exists
that indicate its improved efficacy over other treatments for Achilles tendinopathy.

Patella Tendinopathy

Patellar tendinopathy, or “jumpers knee,” is a degenerative disease that presents as
chronic knee pain that often occurs due to overuse of the patellar tendon [34]. The
underlying cause of this degenerative process is thought to occur due to a poor heal-
ing response of the tendon being subject to repetitive trauma. PRP preparations are
being researched as an alternative non-operative treatment option with the potential
to enhance tissue healing mechanisms in this injury (see Table 4.3).

In a double-blind, randomized controlled trial, Dagoo et al. [35] investigated
leukocyte-rich PRP as a treatment for patellar tendinopathy. The study included 23
patients who failed conservative management; they were randomized into two
groups (dry needling (DN) vs PRP injection) and followed for 26 weeks. Injections
were guided using ultrasound. Patients were evaluated at 3, 6, 9, and 12 weeks
and >6 month time points with the primary outcome being measured using the
Victorian Institute of Sport Assessment (VISA) score for patellar tendinopathy. At
12 weeks following treatment, VISA scores improved by a mean =+ standard devia-
tion of 5.2 + 12.5 points (P = 0.20) in the DN group (n = 12) and by 25.4 + 23.2
points (P = 0.01) in the PRP group (n = 9); at >26 weeks, the scores improved by
33.2 £ 14.0 points (P = 0.001) in the DN group (n = 9) and by 28.9 + 25.2 points
(P =0.01). The PRP group compared to the DN group had statistically significant
improvement of symptoms at 12 weeks (p = 0.02) but no significant difference at
26 weeks (p = 0.66). Overall, this study found that ultrasound-guided leukocyte-rich
PRP injections had accelerated recover compared with patients who received DN
alone, but that results dissipated with time.
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A randomized control trial by Vetrano et al. compared PRP to extracorporeal
shockwave therapy (ECSWT) in treating patellar tendinopathy. Forty-six con-
secutive athletes with jumper’s knee were selected for this study and randomized
into 2 treatment groups: 2 autologous PRP injections over 2 weeks under ultra-
sound guidance (PRP group; n = 23) and 3 sessions of focused extracorporeal
shockwave therapy (2.400 impulses at 0.17-0.25 mJ/mm? per session) (ECSWT
group; n = 23). Patients were evaluated at 6- and 12-month follow-up using
Victorian Institute of Sport Assessment—Patella (VISA-P) questionnaire, pain
visual analog scale (VAS), and modified Blazina scale. The PRP group showed
significantly better improvement than the ECSWT group in VISA-P, VAS scores
at 6- and 12-month follow-up, and modified Blazina scale score at 12-month
follow-up (P < 0.05 for all) [36].

A prospective cohort study by Goesens et al. evaluated outcome of patients
with patellar tendinopathy treated with PRP and whether prior treatment affected
efficacy of PRP injections. Thirty-six patients with patellar tendinopathy were
selected and separated into two groups based on whether they had prior interven-
tions. Patients were evaluated using Victorian Institute of Sport Assessment—
Patellar (VISA-P) questionnaire, visual analogue scales (VAS), and pain with
activities of daily living before and after PRP injections. They found that all
patients regardless of prior intervention treated with PRP had statistically and
clinically significant improvements in VAS scales (p < 0.05) [37]. Furthermore,
patients that had not had previous treatments showed much larger improvements
and had a much better potential for healing compared to patients who had
received prior interventions.

Overall, research has demonstrated leukocyte-rich PRP injections are an effec-
tive treatment providing improved outcome scores for patients with patellar tendi-
nopathy. However, there still remains insufficient evidence demonstrating its value
over other treatment options to recommend it as part of standard treatment protocols
for patellar tendinopathy.

Lateral Epicondylitis

Lateral epicondylitis (LE), commonly referred to as “tennis elbow,” is an overuse
injury leading to a degenerative process affecting the common extensor tendons at
the lateral epicondyle of the distal humerus. It is the most common cause of elbow
pain with a prevalence of about 1-3% in the general population with rates that have
been described up to 10% in women [38]. The mechanism of injury most commonly
reported in lateral epicondylitis is micro-tearing and degeneration due to repetitive
trauma of the extensor carpi radialis brevis (ECRB) [39]. First-line treatment options
are focused on non-operative interventions including bracing, cortisone injections,
physical therapy, acupuncture, botulinum toxin injections, extracorporeal shock-
wave therapy (ECSWT), activity modification, and rest. Surgical procedures are
often reserved for patients who have failed conservative therapies. Research on PRP
in treating lateral epicondylitis has grown considerably given that no single
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treatment option has emerged as the best non-surgical therapy to reduce pain and
improve function [40].

One of the difficulties in reviewing the literature on PRP for treating LE is the
variability in preparations that are commercially available. In particular as it relates
to LE, studies have found that leukocyte-rich PRP (LR-PRP) provides significant
improvement in pain and function, whereas leukocyte-poor PRP (LP-PRP) results
have been less conclusive. A randomized controlled trial by Palacio et al. [41] pro-
spectively compared LP-PRP, CSI, and anesthetic injections for treating LE of the
elbow. Sixty patients were randomly assigned one of the three treatment options and
evaluated at 90 and 180 days using Disabilities of the Arm, Shoulder, and Hand
(DASH) and Patient-Rated Tennis Elbow Evaluation (PRTEE) questionnaires. They
concluded there was no evidence that one treatment was more effective than another
in treating LE.

In contrast, in a prospective cohort study, Mishra et al. [42] evaluated the effec-
tiveness of LR-PRP injection for patients who failed to respond to 3 months or more
of conservative therapy for lateral epicondylitis. At 24 weeks, LR-PRP injection
was associated with a statistically significant improvement in pain and residual
elbow tenderness (p = 0.009) when compared to an injection of local anesthetic and
needling [42].

When comparing LR-PRP to CSI for lateral epicondylitis, Peerbooms et al. [43]
found that LR-PRP resulted in a greater reduction in pain and improved function
compared to CSI. This was similarly demonstrated by Gosens et al. [44], where they
found LR-PRP injections provided significantly greater symptomatic relief com-
pared to CSI for LE. Furthermore, they found that while CSI did provide significant
short-term relief, the effects diminished over time, returning to baseline after
26 weeks from time of injection.

Studies have demonstrated LR-PRP is a safe and effective treatment option for
lateral epicondylitis, showing significant improvements in pain and function both
short and long term when compared to controls (CSI, anesthetic, dry needling).
However, questions remain regarding the cost-effectiveness, optimal preparation,
and timing of intervention (see Table 4.4).

Table 4.4 PRP for lateral epicondylitis

Study Favors PRP Level of
Study Year type Control group ~ PRP? preparation  evidence
Palacio et al. 2016 RCT Steroid No LP-PRP I
[41]
Behera [45] 2015 RCT Bupivacaine Yes LP-PRP I
Mishra [42] 2013 RCT Needling/ Yes LR-PRP II

anesthetic

Gosens et al. 2011 RCT Steroid Yes LR-PRP -
[44]
Peerbooms et al. 2010 RCT Steroid Yes LR-PRP -
[43]

RCT randomized controlled study, LP-PRP leukocyte-poor PRP, LR-PRP leukocyte-rich PRP
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ACL Injury

Anterior cruciate ligament injuries make up 40-50% of ligamentous knee injuries,
occurring predominantly during athletic activity [46]. Many people with ACL injury
are recreational and elite athletes with significant incentive to have expeditious
return to play following ACL injury and reconstruction. There are approximately
200,000 ACL reconstructions performed in the USA annually with a reported fail-
ure rate of 5-15% [47, 48]. PRP has gained interest in ACL surgery as an adjunct
treatment with hope of growth factors promoting improved incorporation of ACL
grafts [49].

A systematic review by Figueroa et al. examined studies comparing ACL graft
maturation, integration time, and clinical outcomes with and without the use of PRP
injection at the time of reconstruction. Although there was some heterogeneity
among outcomes in the studies included in the analysis, they reported improved
time to maturity if ACL graft. There was no difference regarding tunnel healing [50].

Studies examining the use of PRP for prevention of bony tunnel enlargement and
graft-bone tunnel integration demonstrate conflicting results. Compelling evidence
in favor of PRP was found in double-blinded RCT which examined the use of a
series of four intra-articular injections of PRP following ACL reconstruction and
utilized CT scan to measure bone tunnel width at 1, 6, and 12 months postoperative.
The group treated with PRP was found to have less tunnel widening at 6 and
12 months compared to saline injection controls. Furthermore, WOMAC stiffness
subscale was found to be consistently better in those treated with PRP 1-year post-
operative [51]. However, these results have failed to be consistently demonstrated in
the literature [49, 50].

Although promising results exist regarding graft maturation, no studies have
clearly demonstrated its clinical significance. Furthermore, conflicting evidence are
noted regarding the use of PRP to decrease ACL graft tunnel widening and expedite
healing [49, 50]. The use of PRP in ACL reconstruction is a decision that should be
made with the patient after a thorough discussion regarding its possible but not
consistently proven benefits.

Meniscus Injury

The meniscus comprises the medial and lateral meniscus, two C-shaped fibrocarti-
laginous structures attached anteriorly and posteriorly to the tibial plateau. The
meniscus provides secondary stabilization, load distribution, load sharing, lubrica-
tion, and proprioception to the knee joint [52]. Meniscus injury is one of the most
common musculoskeletal injuries in athletes with an overall incidence rate reported
at 8.27% [53]. Studies have shown that the compartment pressures within the knee
increase significantly with meniscus tearing and can further increase after partial or
total meniscectomy but are improved with meniscus repair [54, 55]. The challenge
the orthopedic surgeons face when repairing the meniscus is that only the peripheral
25-30% of the meniscus is vascularized [56]. Therefore, healing potential of more
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centralized tears is greatly limited. The biomechanical implications of meniscus
injury in combination with the biologic challenge of a lack of vascularity create
great interest in the use of PRP as a means of treatment.

Ishida et al. reported the effects of PRP on meniscal tissue regeneration, both
in vitro and in vivo. In the in vitro study, PRP stimulated DNA synthesis, ECM
synthesis, and mRNA expression of biglycan and decorin in monolayer meniscal
cell cultures [57]. In the in vivo study, full-thickness defects were produced in the
avascular region of the rabbit meniscus. Gelatin hydrogel was used to deliver PRP
into the defects. Histologic analysis of the healing tissue 12 weeks after surgery
showed significantly better meniscal repair in animals that received PRP with gela-
tin hydrogel compared with animals in the control group.

Clinically, Griffin et al. [58] reported a comparison between 11 isolated menis-
cus repairs that were augmented with PRP and 15 isolated repairs that were per-
formed without PRP at a minimum follow-up of 2 years. No difference was noted
in clinical score, rate of return to sports, and rate of reoperation. These results are in
contrast to those by Pujol et al., who examined outcomes of repair in patients with
symptomatic horizontal meniscus tears extending into the avascular zone with or
without PRP injection. They found an improvement in KOOS pain and returned to
sport (p < 0.05) in the PRP injection group [59].

Ultimately, no definitive recommendations can be made at this time regarding
PRP injection in the treatment of meniscus tears.

Rotator Cuff Injury

Treatment for rotator cuff tears, including massive tears and chronic injuries, is
troubled by high failure rates as well as high rates of retear. Tendon retears may be
due to a specific reinjury at the repair site but also may reflect incomplete or failed
primary healing after surgery. This has led to an increased interest in evaluating the
benefits of orthobiologics, in particular PRP, in potentially improving the healing
process and decreasing rates of failure (see Table 4.5).

Contradictory results exist for the benefits of PRP in rotator cuff injuries. PRP
does contain factors that improve tendon-bone healing such as TGF-f1 and IGF-1.
These factors may contribute to improvements in tendinopathy healing similar to
factors that improve tendon regeneration by decreasing inflammation. However,
despite advances in implant technology and repair techniques, a poor intrinsic heal-
ing environment at the bone interface results in relatively high rates of nonhealing
and retears. While some studies have demonstrated a positive effect using LP-PRP
in setting of rotator cuff injuries, there remains conflicting level 1 studies that have
failed to produce similar results.

In a randomized controlled trial, Randell et al. [60] in 2011 evaluated use of PRP
in arthroscopic rotator cuff repair with 2-year follow-up. They reported initial short-
term improvements in the PRP-treated groups; however, these benefits dissipated
over time with no difference between PRP-treated group and control using UCLA
scores at 6, 12, or 24 months. Similarly, Castricini et al. [61] performed a RCT
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evaluating PRP augmentation for arthroscopic rotator cuff repairs for small- and
medium-sized tears. They reported no significant difference in outcome score or
tendon healing in both small and medium size tears treated with PRP. In 2015, Wang
et al. [62] assessed use of PRP in setting of rotator cuff repairs and compared results
with both patient-reported outcomes and MRI evaluation. They reported no signifi-
cant difference in constant and tendon scores on MRIs with the use of PRP in setting
of rotator cuff repairs. A meta-analysis performed by Cai et al. [63] in 2015 con-
tained five qualifying level 1 studies. The review concluded no overall difference in
outcomes in patients who underwent rotator cuff repair augmented with PRP. Overall
results have been disappointing regarding PRPs benefit in aiding rotator cuff repair
healing.

Other studies have evaluated PRPs potential ability to decrease retears following
rotator cuff repairs with conflicting results. In 2014, Malavolta et al. [64] performed
randomized control study assessing effect of PRP in patients undergoing rotator
cuff repair of small or medium size tears. A total of 54 patients were included with
an equal number of patients being randomly assigned into both groups, surgery plus
PRP group versus surgery alone. They concluded that PRP did not enhance healing
or reduce the chance of retears compared to controls. A meta-analysis performed in
2015 by Warth et al. [65] containing eight level 1 and level 2 studies assesses PRP
on rotator cuff repairs. They concluded there was no difference in the outcomes for
patients for up to 24 months. However, they found that when PRP is applied to the
tendon bone interface, it produced better outcomes than liquid PRP injected over the
tendon. Furthermore, they concluded there was a decreased rate of retear with PRP
for medium to large tears.

Finally, limited evidence exists that PRP may be beneficial for postoperative pain
following rotator cuff repair. A study by D’ Ambroisi et al. [66] evaluated efficacy of
PRP in setting of rotator cuff repair. They conclude that patients who received PRP
injections at time of surgery had significant reduction in postoperative pain com-
pared to controls in the short term; however, results were similar at longer follow-
up. Similar results were obtained by Holtby et al. [67] in which they found that PRP
has a short-term effect on perioperative pain without any significant impact on
patient-oriented outcome measures or structural integrity of the repair compared
with control groups. Overall, PRP has been proven to be a safe adjunct that may
reduce perioperative pain.

Similar to other aspects of orthopedic care, variations in PRP preparations and
technique often lead to confounding results. Given the contradictory results in the
literature, no strong recommendation can be made to support routine use of PRP
preparations in setting of rotator cuff tears. More high-quality studies are needed to
assess PRPs true value in the setting of rotator cuff tendon healing and repair.

Conclusion

PRP is gaining popularity as an orthobiologic, showing increasing promise in treat-
ing many orthopedic injuries. Moreover, PRP injections are low cost and less inva-
sive than surgical alternatives, making them accessible and low risk [68]. Evidence
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of PRP’s effectiveness continues to grow, yet the criteria needed to create the opti-
mal PRP preparation still remains inconclusive. More level 1 clinical studies and
meta-analyses are needed to compare the efficacies of different PRP preparations on
various orthopedic pathologies [1].
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LP-PRP: Leukocyte-poor PRP
LR-PRP: Leukocyte-rich PRP

MMP: Matrix metalloprotease

NFkB: Nuclear factor kB

NO: Nitric oxide

OA: Osteoarthritis

PDGEF: Platelet-derived growth factor
PGE2: Prostaglandin E2

PRP: Platelet-rich plasma

PRPr: Platelet-rich plasma releasate
RCT: Randomized clinical trial
TGF-f: Transforming growth factor-beta
TNF-o: Tumor necrosis factor alpha
VAS: A scale that intuitively quantifies pain in the knee. A lower score indi-

cates milder pain

WOMAC:  Western Ontario and McMaster Universities Arthritis Index. Rating
scale for assessing the structure and function of the knee joint in
terms of pain, stiffness, and joint function. A lower score indicates
better function

Introduction

Over the past two decades, autologous blood products such as platelet-rich plasma
(PRP) have been extensively used in various clinical areas such as orthopedic and
spinal surgery, oral, periodontal, cosmetic, and maxillofacial surgery. Platelet-rich
plasma (PRP) is a term originated in the 1970s to describe the plasma with a platelet
count above that of peripheral blood [1]. Platelets are anucleated and discoid cells
derived from megakaryocytes. The primary role of platelets is known to be hemo-
stasis to maintain the integrity of vasculature upon injury. Recent studies demon-
strated a more expanded functional role of platelets in modulating inflammation,
angiogenesis, wound healing, and cancer metastasis [2]. By now, it is evident that
platelets modulate these biological functions mostly through a variety of bioactive
molecules present in platelet secretomes. More than 300 bioactive molecules have
been identified in platelet secretome, and these molecules are released from platelet
secretory granules. Three principle types of secretary granules are identified in
platelets, and they are a-granules, dense granules, and lysosomes. a-Granules are
the most abundant of the platelet granules and contain membrane proteins, adhesive
molecules such as von Willebrand factor and fibrinogen, coagulants, various che-
mokines, cytokines, and growth factors [3]. Dense granules which are second in
abundance contain small molecules such as adenosine diphosphate (ADP), adenos-
ine triphosphate (ATP), serotonin, epinephrine, calcium, pyrophosphate, and poly-
phosphate. Platelet lysosomes, on the other hand, contain acid hydrolases such as
cathepsins, hexosaminidase, (-galactosidase, arylsulfatase, p-glucuronidase, and
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acid phosphatase. In short, with these multiple secretary granules, ribosomes, signal
transduction pathways, and multiple receptors, platelets serve as unique secretory
machines. Even though it is not clearly understood how platelets regulate the secre-
tory processes, the presence of molecules with apparent antagonistic functions sug-
gests differential secretory kinetics and activation-dependent synthesis and release
of cytokines from platelets [4]. The differential pattern or composition of platelet
secretion may be potentially controlled by the presence of different platelet agonists
at the sites of tissue injury.

Since the 1980s, platelet transfusion is commonly performed in the United States
[5]. Several methods are currently available for preparing PRP from whole blood,
and consequently, the composition and the activation state of PRP can significantly
vary depending on the preparation process. Ehrenfest et al. have classified the meth-
ods of PRP preparation into four main families depending on the platelet count, pres-
ence, or absence of leucocytes and fibrin architecture [6]. These are (1) leucocyte-poor
PRP products (without leucocytes and with a low-density fibrin network upon activa-
tion); (2) PRP with leucocytes (with a low-density fibrin network upon activation);
(3) leucocyte-poor platelet-rich fibrin preparation (without leucocytes and with a
high-density fibrin network); and (4) leucocyte and platelet-rich fibrin (with leuco-
cytes and high-density fibrin network). Magalon et al. proposed the DEPA classifica-
tion based on four components including the platelet activation process which can
significantly influence the composition of the bioactive factors [7]. The components
of DEPA classification are (1) dose of injected platelets; (2) efficiency of the produc-
tion (percentage of the platelets recovered in the PRP from the blood); (3) purity of
the PRP (relative composition of the platelets, leucocytes, and RBCs); and (4) the
activation process (whether exogenous clotting factor was used to activate platelets).
In short, studies so far have identified major variables that may affect the efficacy of
PRP formulations such as PRP composition, PRP activation mode, and the method
of PRP application [8]. Lack of standardization of PRP preparations, methods of
PRP delivery, differing techniques of platelet activation, and procedural heterogene-
ity complicates critical evaluation of the clinical efficacy of PRP.

Platelets play a multifaceted role in promoting healing by supporting blood coag-
ulation, modulating immune response, and promoting mesenchymal cell migration,
as well as by regulating cellular apoptosis. The natural tissue healing potential of
PRP has been attributed to the variety of autologous bioactive proteins present in it
such as immune mediators, chemokines, growth factors, enzymes, and their inhibi-
tors. Particularly, the presence of various growth factors in PRP such as platelet-
derived growth factor (PDGF), transforming growth factor-beta (TGF-p), fibroblast
growth factor (FGF), hepatocyte growth factor (HGF), insulin-like growth factor-1
(IGF-1), vascular endothelial growth factor (VEGF), epidermal growth factor
(EGF), and adhesion molecules (e.g., fibrin, fibronectin, and vitronectin) which are
involved in the wound healing process makes PRP an attractive candidate for wide-
spread clinical use. Moreover, the autologous source of PRP makes it highly attrac-
tive for clinical use as it minimizes potential side effects and disease transmission.
The use of PRP technology and therapies for orthopedic applications has been
focused to improve bone and soft tissue regeneration and as an adjunct in surgical



48 L.S. Nair

reconstruction process [9]. In addition to these, recent studies showed the exciting
capabilities of PRP injections to decrease pain in patients suffering from musculo-
skeletal conditions such as osteoarthritis. This chapter presents an overview of the
potential of intra-articular injection of PRP for treating osteoarthritic pain.

PRP for Treating Osteoarthritis Pain

Osteoarthritis (OA) is a degenerative disease that affects the knee and hip joints in
humans and involves joint damage and progressive deterioration of the joint archi-
tecture. The degenerative process has been attributed to the imbalance of anabolic
and catabolic activities in the cartilage resulting in eventual cartilage loss. The hall-
mark symptom of OA is joint pain. The pain and the associated physical disability
of osteoarthritis have shown to significantly affect the quality of life of people. Of
all the joints, knee joint is most commonly affected by OA and is the leading cause
of disability. The prevalence of OA is increasing in the United States, and a recent
epidemiological survey showed that incidence of knee OA in the United States has
doubled since the mid-twentieth century [10]. It is estimated that by 2030 the num-
ber of people with OA may reach ~70 million [11].

A wide range of treatments are currently in use to reduce OA-related pain and
functional disability including non-pharmacological interventions to dietary supple-
ments, pharmacological therapies, minimally invasive intra-articular injections, and
finally invasive surgical approaches [12, 13]. Osteoarthritis management via non-
surgical or minimally invasive procedures focus to reduce pain and inflammation,
improve function, and reduce disability. Non-drug treatments for OA include exer-
cise and physical therapy. Topical or oral nonsteroidal anti-inflammatory drugs are
still considered as promising first-line analgesic medication. However, the reported
cardiovascular, gastrointestinal, and renal side effects of systemic corticosteroids
greatly limit their use for treating knee OA [14]. Even though opioids were pre-
scribed for treating OA pain, they have shown only modest effects to alleviate pain
with significant side effects including addiction [15]. Minimally invasive intra-
articular therapies present itself as an attractive alternative as it has several physio-
logical and practical advantages such as improved safety over systemic medications
particularly when comorbidities are present and improved bioavailability. In spite of
this, intra-articular therapies are currently considered only as the last non-operative
therapy option with a goal to prolong the need for operative intervention. Intra-
articular corticosteroid injections combined with local anesthetics are frequently
performed to treat knee joint pain. Recent studies show potential complications
associated with intra-articular corticosteroid injections which necessitate the need
to find alternative approaches [16]. Viscosupplementation is another commonly
practiced approach which involves a series of intra-articular injection of hyaluronic
acid (HA) [17]. The mechanism of action of HA upon intra-articular injection has
not been well established. The favorable effects of HA have been attributed to its
potential to increase the viscoelasticity of the synovial fluid as well as its favorable
interactions with chondrocytes. Even though the clinical results are still
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inconclusive, intra-articular HA injection has shown to have short-term effects in
decreasing pain in patients with early to moderate knee OA [18]. Novel and/or alter-
native therapeutic strategies are being investigated to improve intra-articular treat-
ment of OA to reduce joint pain and slow down the progression of cartilage
degeneration. Due to the ability of PRP to accelerate wound healing process and
cellular proliferation as well as enhance chondrogenic differentiation, there is an
increasing interest in intra-articular PRP injection for treating OA. Recent years,
therefore, saw a significant increase in the clinical use of intra-articular delivery of
PRP for degenerative OA due to its safety, ease of production, and administration
[19]. Following sections review the recent preclinical and clinical data evaluating
the efficacy of intra-articular PRP therapy in reducing OA-related joint pain and the
currently known mechanism of action of PRP upon intra-articular injection.

Mechanism of Action of PRP upon Intra-Articular Injection

Although the exact mechanism of action of intra-articular PRP is not yet clearly
elucidated, preclinical and clinical studies have shown the potential of intra-articular
PRP injections in decreasing OA pain. The mechanisms involved in reducing joint
pain upon intra-articular injection PRP may include direct inhibition of tissue noci-
ceptors, inhibition/reduction of joint inflammation, stimulation of endogenous HA,
and reduction of catabolic activities via inhibition of MMPs.

Durant et al. investigated the protective nature of PRP against chondrocyte death
when exposed to corticosteroids or local anesthetics. The addition of PRP signifi-
cantly increased chondrocyte viability and proliferation in the presence of local
anesthetics or corticosteroid demonstrating its cytoprotective effect [20]. The ana-
bolic and chondrogenic activities of PRP have been attributed to the presence of
IGF-1 and TGF-f, as both these growth factors are known to have beneficial effects
in modulating cell proliferation and ECM deposition. This was supported by a study
which investigated the effect of PRP releasate (PRPr) on human articular chondro-
cyte [21]. PRPr was prepared by two cycles of freezing and thawing followed by a
final centrifugation. The study demonstrated that PRPr can significantly enhance
the mitogenic and differentiating properties of human chondrocytes in mono and
three-dimensional cultures. The anabolic effect of PRP releasate on bone marrow-
derived stem cells (BMScs) is shown in a study by Zaky et al., wherein platelet
lysate significantly enhanced human BMSc proliferation and chondrogenic differ-
entiation [22]. The study concluded the potential of platelet lysate as a fetal bovine
serum substitute to support BMSc chondrogenic differentiation. A study by Drengk
et al. corroborated the above results showing the proliferative and chondrogenic
effect of PRP on mesenchymal stem cell [23]. However, unlike the previous studies,
this study showed that exposure to PRP can led to chondrocyte proliferation and
dedifferentiation with decrease in chondrogenic phenotype. The contradicting pre-
clinical and clinical efficacy can be attributed to a lack of standardized PRP prepara-
tion since the concentration and the activation state of the growth factors may dictate
the anabolic and chondrogenic activities of PRP.
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Khatab et al. used a mouse model of OA to investigate the effects of PRPr on
pain, cartilage damage, and synovial inflammation [24]. OA was induced by intra-
articular injection of collagenase, and three consecutive intra-articular injections of
PRPr or saline (control) were given to the affected knee. Weight distribution over
the left and right hindlimbs was evaluated using an incapacitance tester as an indica-
tor of pain. The positive effect of PRPr injection in reducing pain was demonstrated
by the increased distribution of weight on the affected joint compared to the saline
group. Moreover, at day 21, the PRPr group showed thinner synovial membrane and
less cartilage damage than saline control. Histologically, the saline-injected joints
showed significantly increased cartilage degeneration at day 28 compared to PRPr-
injected groups. The data also showed a significant reduction in joint inflammation
as evident from an increase in CD206+ and CD 163+ anti-inflammatory macrophage
cells suggesting the modulation of macrophage subtype by PRPr. The fewer number
of pro-inflammatory macrophages in PRPr-injected knee points lowers prostaglan-
din E2 (PGE2) production in the knee. Since PGE2 is a lipid mediator of inflamma-
tory pain, the study suggested that the significant reduction in pain can be attributed
to the inhibition of PGE2 by tissue-resident macrophages. A related study has
shown that PRPr contains high levels of interleukin 1 receptor antagonist (IL-1Ra)
which has the ability to inhibit acute inflammation caused by IL-1 and promote
macrophage polarization towards an anti-inflammatory (M2) phenotype [25].

The anti-inflammatory properties of PRP have also been partially attributed to its
ability to reduce canonical NFkB signaling. Using cultured chondrocytes, Bendinelli
et al. demonstrated the ability of CaCl,-activated PRP to reduce the expression of
NFkB transcriptional targets, cyclooxygenase 2 (Cox 2), and chemokine receptor
CXCR4 [26]. The activated platelets showed enhanced release of HGF, IL-4, TNF-
a, and TGF-p1. The study concluded that these growth factors play a key role in the
anti-inflammatory effects of PRP. The suggested mechanism includes the reduction
of NFkB expression and subsequently its transcriptional target Cox-2 and CXCR4
expression in chondrocytes by HGF and IL-4. HGF has shown to enhance NFkB
inhibitor o (IKBa) expression which leads to the retention of NFkB-p65 subunit
retention in the cytosol, thereby impairing its translocation to the nucleus, which is
necessary for NFkB trans-activating activity and gene expression. In addition, HGF
is also known to reduce PGE2 production by cells. Also, TGF-p1 has the potential
to counteract TNF-a effect by preventing CXCR4 expression in monocytes and
impeding monocyte chemotaxis towards its ligand.

Using an osteoarthritic mimic in vitro cell culture model, van Buul et al. demon-
strated the ability of PRP to influence gene expression of matrix-forming and
matrix-degrading proteins by reversing the IL-1p-induced inflammatory response in
chondrocytes [27]. IL-1p-activated NFkB is known to turn off anabolic pathways
such as type II collagen and aggrecan synthesis, and addition of PRP rescued the
synthesis of these molecules by chondrocytes. However, no significant differences
in the expression of matrix metalloproteinase-13 (MMP-13) gene and nitric oxide
(NO) production by IL-1p treated chondrocytes in the presence of PRP. The study
concluded that PRP has the ability to inhibit multiple inflammatory IL-1f3-mediated
effects in OA chondrocytes including inhibition of NFkB activation.
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In addition to chondrocytes, PRP has been suggested to modify the synovial fluid
as well as synoviocyte functions. Sundman et al. studied the effects of PRP on the
expression of anabolic and catabolic genes as well as on the secretion of nociceptive
and inflammatory mediators from OA cartilage and synoviocytes using an ex vivo
co-culture model [28]. The study showed that PRP can enhance cellular metabolism
(decrease catabolism) and at the same time decrease inflammatory and nociceptive
markers such as TNF-a. Unlike the results of the previous study using chondrocytes
[28], this study showed the ability of PRP to significantly decrease the expression of
MMP-13 in synoviocytes. MMP-13 is known to play a key role in cartilage matrix
degradation during the development and progression of OA. However, a study by
Browning et al. showed the presence of multiple anabolic and catabolic mediators
in PRP and that synoviocytes treated with PRP can respond with substantial MMP
secretion [29]. These studies underline the fact that identifying and optimizing
growth factors in PRP via standardizing its preparation methods are needed to
improve function for specific applications. Interestingly, the study showed that PRP
treatment led to an increased expression of HAS-2 in synoviocytes indicating its
ability to increase HA production [28]. Anitua et al. corroborated the favorable
effects of PRP by comparing the efficacy of platelet-rich and platelet-poor plasma
(PPP) in enhancing the functions of synovial cells isolated from osteoarthritic
patients. The study showed that PRP significantly enhanced HA secretion by syno-
vial cells via HGF compared to PPP. The increased production of HA is significant
as it could restore HA levels in the synovial fluid leading to joint lubrication and
cartilage protection [30]. Lee et al. reported that PRP can significantly increase the
expression of cannabinoid receptors (CB1 and CB2) in articular chondrocytes. Even
though the exact role of these receptors in chondrocytes has not been fully eluci-
dated, this may also act as a potential mechanism by which PRP modulate pain in
osteoarthritis as well as impart chondroprotection.

In summary, these studies indicate that the favorable effects of PRP in reducing
OA pain can be attributed to its ability to enhance joint metabolism and chondropro-
tective activity and decrease markers of inflammation (presumably via inhibiting
NFkB) and nociception (by inhibiting tissue nociceptors) [31].

Efficacy of Combining PRP with Microfracture

Microfracture technique is commonly used to enhance repair of damaged cartilage
by stimulating the healing process via drilling holes into the subchondral bone. Huh
et al. evaluated the efficacy of combining microfracture with PRP for the treatment
of chondral defect using a rabbit model [32]. At 12 weeks post-surgery, the PRP
group showed almost complete defect coverage with neo-cartilage, and at the same
time, the control group showed incomplete and irregular fibrous tissue formation.
Significant differences in histological scoring were also observed demonstrating the
beneficial effect of combining PRP with microfracture procedure. Milano et al.
investigated the efficacy of PRP in microfracture procedure using a sheep full-
thickness chondral lesion model [33]. The study confirmed using histological and
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macroscopic appearance score, the positive effect of PRP in improving cartilage
repair and restoration. The study also found that the procedure is more effective
when PRP was used as a gel compared to liquid intra-articular injection. However,
the study showed that neither the control nor PRP group led to the formation of
hyaline cartilage. Subsequently, another study was performed to evaluate the effect
of repeated PRP injection in treating chondral lesion in the sheep model [34]. Two
groups were included, wherein group 1 received 5 weekly injections of autologous
conditioned plasma after microfracture and group 2 received only microfracture.
The study showed significant improvements in group 1 based on macroscopic, his-
tologic, and biomechanical analysis at 3, 6, and 12 months post-treatment. Group 1
showed significant improvement in tissue repair from 3 to 6 months and remained
stable over time, whereas group 2 showed significant histologic and mechanical
deterioration between 6 and 12 months. The study showed the feasibility of achiev-
ing more durable cartilage reparative response in the presence of PRP. Kruger et al.
studied the effect of PRP in enhancing the migration and chondrogenic differentia-
tion of subchondral progenitor cells to understand the efficacy of PRP therapy fol-
lowing microfracture [35]. Progenitor cells derived from human subchondral
cortico-spongious bone were treated with PRP and analyzed for their migration and
differentiation potential. The study showed that 0.1-100% PRP significantly stimu-
lated progenitor cell migration compared to controls. Moreover, the progenitor cells
stimulated by PRP showed increased cartilage matrix formation and enhanced
chondrogenic gene markers. The study showed the potential of PRP to enhance the
migration and differentiation of progenitor cells upon microfracture. These data
point to the potential advantages of using PRP to promote cartilage tissue regenera-
tion and delay joint degeneration.

Intra-Articular PRP Injection

The limitations of intra-articular corticosteroid and HA injections have led to the
investigation of PRP as a potential alternative to address OA pain. Sampson et al.
performed a pilot study to understand the efficacy of PRP using 14 patients with
primary and secondary knee OA [36]. The patients received three intra-articular
PRP injections at 4 weeks interval into the suprapatellar bursa of the affected knee
using musculoskeletal ultrasound. The study reported lack of adverse events upon
intra-articular PRP injections and significant and almost linear improvements in
pain and symptoms. VAS scores showed significant improvement in pain upon knee
movement and at rest, and the study reported favorable outcome at 12 months post-
treatment indicating the potential of mid-term pain relief with intra-articular PRP
injection. Another study evaluated the efficacy of intra-articular PRP injections at 6
and 12 months post-treatment in 100 patients (115 knees) with varying degree of
articular degeneration (Kellgren 0-IV) [37]. Citrated blood was used, and an aver-
age of 6.8 million platelets was given to the lesion site at every injection. The first
injection was given within 2 h of PRP preparation, and next two injections were
administered every 21 days. Similar to the previous study, no major adverse events
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related to injections were observed. Also, statistically significant improvement was
observed for all clinical scores (VAS, IKDC) from baseline to the end of the therapy
and at 6-12 months follow-up. The study also indicated that younger patients
showed much better effect compared to older patients. Similarly, the higher the
extent of joint degeneration, the lower the effect. Subsequently, Filardo et al. per-
formed a 2-year follow-up of the same population with 90 patients to understand the
long-term efficacy of intra-articular PRP injection in reducing pain and functional
outcome [38]. Compared to 12 months, the evaluated parameters worsened at
24 months follow-up. However, the evaluated parameters still showed significant
improvement from the baseline showing the clinical advantages of the therapy to
treat OA pain. In short, these earlier studies showed the potential of intra-articular
PRP injection to reduce OA pain and warranted further studies including random-
ized clinical trials (RCTs) to clearly demonstrate its efficacy.

In 2015, Laudy et al. performed a comprehensive, systematic literature search of
randomized or non-randomized controlled trials to determine the effect of intra-
articular PRP (or similar products) injections on decreasing pain and improving
functions, global assessment, and changes in joint images [39]. Ten clinical trials
were included, and authors concluded that single or double PRP injections are more
effective in reducing knee pain (limited level of evidence due to high risk of bias)
compared to placebo control at 6 months post injection. Similarly, PRP showed a
statistically significant effect in reducing pain compared to HA treatment (moderate
level of evidence due to generally high risk of bias). The study showed the need for
more large randomized clinical trials with low risk of bias to conclusively determine
the efficacy of intra-articular PRP injections.

In 2017, Shen et al. performed a systematic review and meta-analysis of random-
ized controlled trials to determine the temporal effect of intra-articular PRP injec-
tion on pain and physical function and compared its efficacy to other intra-articular
injections such as saline placebo, HA, ozone, and corticosteroids [40]. The meta-
analysis comprised of 14 RCTs that included 1423 participants. Among these, four
studies were considered as moderate risk of bias and ten as high risk of bias. The
authors concluded that compared to the control groups, intra-articular PRP injec-
tions significantly reduced WOMAC pain scores at 3, 6, and 12 months follow-up.
The WOMAC physical function subscores also showed significant improvement in
the PRP groups compared to other groups at 3, 6, and 12 months post injection.
Moreover, PRP injection did not significantly increase the risk of post injection
adverse events. The conclusion of this study was supported by a Phase I and Ila
clinical trial performed in Japanese patients with mild to moderate knee osteoarthri-
tis [41]. Ten patients were enrolled in the study, and PRP without white blood cells
(using a single-spin centrifuge from citrated blood) were injected intra-articularly.
Three injections were given at 1 week intervals. The study showed that at 6 months,
80% of the patients showed 50% or more reduction in the VAS score indicating the
efficacy of PRP treatment in reducing OA pain. Similarly, Wu et al. investigated the
effect of PRP injection in reducing pain and improving muscle strength compared
to placebo in bilateral knee OA [42]. Twenty patients (40 knees) were enrolled and
received a single intra-articular injection of PRP (leukocyte- and platelet-rich
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plasma) or saline. The WOMAC was evaluated at baseline and at 2 weeks, 1, 3, and
6 months post injection. The muscle strength was evaluated using a calibrated iso-
kinetic testing machine. Significant reduction in the WOMAC pain and total scores
were observed in the PRP group compared to saline group at 1, 3, and 6 months post
injection. In addition, the PRP group showed greater knee strength at a longer fol-
low-up period; however, no significant differences in muscle strength were observed
between the groups. In 2019, Chen et al. performed a summary of meta-analysis
comparing intra-articular PRP injection to HA and placebo injections [43]. Four
meta-analyses were included with level 1 evidence. Each individual meta-analysis
included had a Quality of Reporting of Meta-analysis (QUOROM) score range from
14 to 17 points and Oxman-Guyatt (Oxman-Guyatt quality appraisal tool) score
range from 4 to 6 points. Heterogeneity of the included studies are leukocyte-rich
PRP (LR-PRP); leukocyte-poor PRP (LP-PRP); single or double spinning; activa-
tion or not; PRP injection dose, times, and interval; as well as standardized and
non-standardized patient outcome measures. Three meta-analyses showed increased
benefit of PRP in OA pain relief and functional improvement compared to HA or
placebo treatments, and one study showed no differences between the groups. This
study once again confirmed the need for more rigorous RCTs focusing on specific
questions such as PRP preparation method, activation method, concentration of
platelets, composition of PRP, and frequency of PRP injections to clearly under-
stand the clinical efficacy of intra-articular PRP injection to develop the optimal
therapy. Also, more studies with mid-long-term follow-up are also needed to access
the curative effect of PRP injection and its potential for long-term pain relief.
Similar to Shen et al.’s study, no significant differences in adverse events between
groups were observed. The study concluded that for short-term follow-up (<1 year),
intra-articular PRP injection is more effective in treating pain compared to HA or
placebo. In 2020, Hohmann et al. performed a systematic review and meta-analysis
to compare the efficacy of intra-articular injection of PRP to HA in reducing pain
and improving functional outcomes at 6 and 12 months [44]. Level 1 and 2 studies
were included with a minimum of 6 months follow-up. Twelve studies with 1248
cases (636 PRP and 612 HA) of symptomatic treatment of OA pain were included.
Pain was assessed in the studies by VAS and WOMAC pain scores. Pooled estimate
for pain demonstrated significant improvement in PRP group compared to HA
group at 6 months and 12 months. Even though significant improvements in pain
scores were observed, the results did not show significant improvements in func-
tional outcomes. In 2020, Chen et al. performed a meta-analysis to compare the
efficacy of PRP compared to HA intra-articular injections [45]. The meta-analysis
comprised of 14 RCTs involving 1350 patients (714 in the PRP and 636 in the HA
groups). The results showed the PRP group to be superior to the HA group in terms
of mid- and long-term VAS (24 and 54 weeks) and long-term WOMAC pain score
further confirming the efficacy of PRP compared to HA in reducing OA-associated
pain. Yet another systematic review and meta-analysis of RCTs compared the effi-
cacy and safety of PRP and HA injections [46]. This included 18 level 1 studies with
1608 patients (811 patients in PRP and 797 patients in HA groups) with a mean
follow-up of 11.1 months. The results showed that the mean improvement of
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WOMAC total score was significantly higher in the PRP group compared to
HA. Similarly, 6 out of 11 studies reported VAS pain score indicating that PRP can
significantly reduce pain compared to HA. Wu et al. recently performed a meta-
analysis of RCTs with consistent treatment cycle and frequency of injection to com-
pare the efficacy of intra-articular PRP to HA treatment [47]. Ten studies were
included. The study showed the significant efficacy of PRP compared to HA in
relieving pain and self-reported functional improvements based on VAS and
WOMAC scores. Filardo et al. performed a meta-analysis of RCTs to evaluate the
efficacy of intra-articular PRP injections to placebo and other intra-articular treat-
ments [48]. The study included 34 RCTs published till January 2020. The study
concluded that the effect of PRP goes beyond its mere placebo effect and showed
statistically significant improvement in pain scores. Interestingly, it has been found
that the beneficial effects of PRP increase with time and showed significant effects
at 6 and 12 months after injection. This suggests the potential to consider PRP treat-
ment as one that may have longer lasting effects rather than greater improvements.
As discussed before, the moderate quality and the significant heterogeneity of the
included studies highlight the need for further studies to investigate the appropriate
injection dose, frequency, as well as interval time of PRP injection to develop the
optimal therapeutic strategy for treating OA.

By now, these clinical trials showed the potential of intra-articular PRP in reduc-
ing pain in patients with early or moderate OA. Some of the recent studies therefore
investigated the potential of intra-articular PRP injection for treating severe knee
osteoarthritis by changing the mode of application of PRP. Sanchez et al. described
a new technique of PRP infiltration for treating severe knee osteoarthritis [49]. Four
patients with grade IIT or IV knee tibiofemoral osteoarthritis based on Ahlbéck scale
were included in the study. Here, intraosseous infiltration of PRP into the subchon-
dral bone is suggested along with intra-articular injection to favorably affect the
deeper layers of the cartilage and subchondral bone. In a follow-up study, 14 patients
between 40 and 77 years with severe knee osteoarthritis were treated with one intra-
articular injection of PRP and two intraosseous injections of PRP. The osteoarthritis
outcome score (KOOS) showed significant pain reduction from baseline at 24 weeks
post-treatment. Statistically significant improvement was also observed in second-
ary outcomes such as VAS score (p < 0.001) and Lequesne Index (p = 0.008) [50].
However, the study has limitations due to the small sample size and the lack of an
intra-articular injection alone control to demonstrate the significant improvement
via the combination approach.

Currently there is a growing interest in characterizing the PRP composition of
the various commercially available PRP preparations to identify the optimal compo-
sition for treating OA. One area of interest is in comparing the efficacy of leukocyte-
rich (LR) and leukocyte-poor (LP) PRP in OA treatment. An in vitro study
investigated the effect of LR-PRP and LP-PRP on synoviocytes and showed that
LR-PRP caused significant cell death and led to a more pro-inflammatory cell phe-
notype [51]. Leukocytes in PRP have the potential to act as a source of pro-
inflammatory stimuli and can also increase the expression of proteases such as
elastases and MMPs. Previous studies have shown that MMP1 and MMP3 are
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produced by synoviocytes when cultured with LR-PRP. Using a rabbit OA model,
Yin et al. demonstrated that intra-articular injections of LP-PRP can lead to reduc-
tion of PGE2 thereby reducing inflammation and pain associated with OA [52].
These studies show the differential effects of these preparations and warrant further
optimization while developing intra-articular therapeutics. Subsequently, Filardo
et al. performed a study involving 144 symptomatic subjects and showed that both
LR-PRP and LP-PRP groups statistically improved functional scores at 2, 6, and
12 months with better results in younger subjects with lower degree of cartilage
degeneration. However, it was noted that LR-PRP injection led to higher pain and
swelling reaction compared to LP-PRP implying the need for larger RCTs to com-
pare the efficacy of these two preparations for OA treatment [53].

Since growth factors in PRP may play a role in improving PRP-related outcome,
Raeissadat et al. investigated the efficacy of PRP-derived growth factors (PRGF) in
reducing pain in patients with symptomatic knee osteoarthritis compared to HA
injection using a single-blinded randomized controlled trial. A total of 102 candi-
dates (~58 years) were given 2 intra-articular PRGF injections 3 weeks apart or 3
weekly injections of HA in this 12 months study. At 12 months post injection, both
PRGF and HA showed significant reduced WOMAC pain score compared to the
baseline. The VAS pain score showed significantly reduced pain in the PRGF com-
pared to the HA group at 12 months. Moreover, the study showed significant patient
satisfaction in the PRGF group compared to the HA group implying the potential
benefits of PRGF compared to HA. Limitations of this study, however, include lack
of a placebo group and being an unblinded study [54]. Vaquerizo et al. conducted a
multicenter randomized controlled clinical trial to investigate the efficacy of three
injections of PRGF-Endoret compared to one single intra-articular injection of
Duronale HA for reducing pain in patients with symptomatic knee OA. Using 96
patients (~63 years), the study showed that the PRGF-treated groups showed statis-
tically significant improvement in pain score at both 24- and 48-week post injection
compared to HA [55].

Studies so far indicate the potential beneficial effects of PRP, particularly in
reducing pain in patients with mild to moderate osteoarthritis. However, the litera-
ture presents contradictory results particularly regarding the advantages of PRP in
improving functional outcomes in OA patients. The American Academy of
Orthopaedic Surgeons Clinical Practice Guidelines consortium gave an inconclu-
sive recommendation and suggested that they could not recommend for or against
PRP in the treatment of symptomatic knee OA [56]. Most of the clinical studies are
limited by the differences in the RCT protocols and insufficient representation of
some of the outcome indicators. Another major issues of these studies are the lack
of standardization of study protocols particularly regarding the preparation methods
of PRP, needle gauge for blood harvest and injection, concentration of platelets,
activation status of platelets, leukocyte concentration, use of fresh or frozen PRP,
anticoagulant use, local anesthetic use, palpation vs image guidance, injection vol-
ume, injection frequency, pre-injection and post injection protocol, type and sever-
ity of disease being treated, and patient-specific factors [57]. There is also a need for
better designed clinical studies to confirm the effectiveness of intra-articular PRP, in
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order to rule out a placebo effect. These variables could play a critical role in deter-
mining the biological activity of PRP and hence can adversely affect our ability to
achieve consistent analgesic effect.

Intra-Articular Injection of PRP and Hyaluronic Acid

Viscosupplementation by the intra-articular injection of HA is extensively used to
manage osteoarthritic pain. HA is used for intra-articular injection as it is a major
component of synovial fluid and acts as a lubricant and shock-absorbing agent
through various biological and biomechanical mechanisms. However, studies have
shown that the effectiveness of HA in reducing OA pain is short term and may not
last more than a few months [18].

Intra-articular injection of PRP and hyaluronic acid are currently considered as
two promising approaches to treat OA pain, even though their mechanisms of
actions are quite different. PRP has shown to exhibit multiplicity of biological func-
tions such as anti-inflammatory and chondroprotective properties due to the potent
mixture of growth factors present in it, as well as exhibit endogenous analgesic
effects to alleviate inflammation-related pain. The HA on the other hand has shown
to increase the viscosity and elasticity of joint fluid and reduces pain via lubrication.
Studies have shown positive therapeutic effect of intra-articular HA injection with
initial efficacy at 4 weeks and peak effectiveness at 8 weeks which last for about
6 months [58], whereas clinical data with PRP injections show mid- to long-term
effects with significant reduction of pain at 6 and 12 months post injection. In light
of the evidences showing the potential advantages of both approaches, several stud-
ies investigated the efficacy of combining PRP with HA for intra-articular injection.
The hypothesis here is that the protection of joints provided by HA combined with
the anti-inflammatory, analgesic, and anabolic effects of PRP could lead to syner-
gistic effects.

To understand the synergistic effect, a study investigated the mobility of synovial
fibroblasts in HA and PRP combined with HA solution (HA + PRP) and showed
significantly improved cell migration in the HA + PRP group, indicating that addi-
tion of PRP can increase the biological activity of HA [59]. A related study showed
increased chondrocyte proliferation in HA + PRP solution compared to PRP alone
demonstrating the synergistic effect of HA and PRP [60]. Russo et al. studied the
rheological and biological properties of four different HA solutions with varying
concentrations when combined with PRP. The study showed that PRP addition is
not detrimental to the viscosupplementation effect of HA at high concentrations.
Moreover, the presence of PRP promoted chondrocyte proliferation and glycosami-
noglycan production confirming the potential for synergistic biological effect [61].

Chen et al. studied the synergistic effect of HA and PRP using an in vitro human
chondrocyte culture model and an in vivo ACLT-OA model [62]. The in vitro study
showed the ability of HA + PRP treatment to reduce pro-inflammatory cytokine
expression and chondrocyte proliferation and enhance chondrocyte phenotype. The
chondrocytes were isolated from five OA patients. The molecular mechanism of
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enhanced chondrogenesis by HA + PRP has been attributed to the cooperative activa-
tion of CD44 (by HA) and TGF-IIR (by PRP), downstream mediators Smad2/3 and
Erk1/2, and the chondrogenic transcription factor Sox9. The in vivo model showed the
ability of PRP + HA to rescue meniscus tear and cartilage breakdown and reduce
OA-related inflammation. The study concluded the ability of PRP + HA to synergisti-
cally promote cartilage regeneration and inhibit OA inflammation. Lana et al. per-
formed a randomized controlled trail comparing HA, PRP, and sequential injection of
HA and PRP for treating mild and moderate knee OA [63]. The study included 105
patients, and each patient received 3 intra-articular injections with 2-week intervals.
Significant reduction in VAS pain score was observed in PRP group compared to HA
group at 3, 6, and 12 months post injection. Combining HA and PRP (PRP + HA)
showed significant decrease in pain compared to HA alone 1 year post-treatment and
significantly increased physical function at 1 and 3 months when compared to PRP
alone. The study concluded that combining PRP with HA could potentially lead to
better functional outcomes. This was supported by a cross-sectional study with retro-
spective review of 64 patients which included 56 knees injected with HA and PRP and
45 knees with HA only [64]. The study showed significant improvement in pain scores
in PRP + HA group compared to the PRP group. In 2015, Abate et al. studied the
efficacy of combining intra-articular PRP injection with hyaluronic acid in patients
with mild to moderate knee osteoarthritis. Forty patients were enrolled into two groups
with one group receiving weekly injections of 2 mL of hyaluronic acid and 2 mL. PRP
and the other group receiving weekly only PRP (4—5 ml) injections for 3 weeks. The
outcomes were evaluated at 1, 3, and 6 months using VAS, KOOS, and weekly NSAID
consumption. Even though intra-group comparison showed significant improvements,
infra-group comparison failed to demonstrate significant differences. The study
showed that combination therapy has the same efficacy as PRP alone when adminis-
tered at higher volume [65]. A randomized control trial using 105 patients with mild
and moderate osteoarthritis on the other hand showed that combining hyaluronic acid
with PRP resulted in significant decreases in pain (P = 0.0001) and functional limita-
tions when compared to hyaluronic acid alone at 1 year follow-up [66]. This was cor-
roborated by a recent study using 360 patients with four groups of double-blind
treatment with PRP (2-14 mL); double-blind treatment with hyaluronic acid
(0.1-0.3 mg); and combination therapy of PRP and HA and placebo group. Using
WOMAC pain score, the study concluded that PRP treatment is significantly more
effective than HA in reducing pain. Moreover, the combination treatment of PRP and
hyaluronic acid (PRP + HA) improved pain and total WOMAC score compared to
PRP and hyaluronic acid treatment alone. Zhao et al. performed a systemic review of
meta-analysis of 5 RCTs and 2 cohort studies with a total of 941 patients to under-
stand the efficacy of intra-articular injection of PRP combined with HA compared to
PRP or HA alone to treat OA [67]. The study showed that the outcome of HA + PRP
and PRP alone in relieving knee pain is similar at 1 and 3 months post injection.
However, at 6 months post injection, VAS score and Lequesne index showed signifi-
cant improvement in HA + PRP group compared to PRP alone group. The results
demonstrated that HA combined with PRP may have promising clinical effects and
from longer follow-up periods are required to determine its efficacy for long-term
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treatment. Renevier et al. evaluated the efficacy of “Cellular matrix™ PRP-HA” for
the management of tibiofemoral knee osteoarthritis in patients who did not respond
adequately to intra-articular HA injection [68]. The procedure involved preparing
PRP in the presence of HA unlike the previous studies wherein sequential injection of
PRP and HA was done. The study included 77 patients with grade II or III knee osteo-
arthritis and a pain at walking score between 3 and 8 on a numeric rating scale. The
patients were given three intra-articular injections at DO, D60, and D180. The
WOMAC score showed significant reduction in pain between the baseline and at
D270. The pain reduction was observed irrespective of the body mass index (BMI)
and the grade (II and III) of the OA. The treatment has shown to give long-lasting
benefits for 50% of the patients and allowed avoiding surgery for almost 80% at
4 years follow-up.

These studies indicate the further benefits of combining intra-articular injection
of HA with PRP to achieve long-term OA pain relief. Even though these initial stud-
ies show the beneficial effects, large RCTs with low risk of bias are needed to con-
firm the efficacy of the approach.

Conclusions

Despite the substantial differences in the preparation method, frequency, and num-
ber of injections and composition of PRP, positive treatment effects in terms of
mid- to long-term pain reduction observed in preclinical and clinical studies high-
light the potential advantage of intra-articular PRP therapy for treating OA pain. In
addition to PRP alone, combination of HA with PRP (HA + PRP) also raises signifi-
cant interest due to their potential synergistic effects. These promising clinical
results warrant further fundamental studies to understand the mechanism of action
of intra-articular PRP injection and optimizing PRP preparation methods for treat-
ing OA with different levels of joint degeneration.
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Introduction

Hair plays an important role in an individual’s appearance and self-perception.
Humans have attempted to remedy hair loss as far back as 1500 BCE. The Ancient
Egyptians first described a topical treatment for first hair loss using snake and croc-
odile fats, iron, and lead in the Ebers Papyrus [1]. More recently, a mixture of cold
Indian tea and fresh lemon juice was widely used in the colonies of the British
Empire in the 1850s [2]. Modern forms of hair loss treatment, including topical and
oral medication as well as surgical hair transplantation, became popularized in the
mid-twentieth century. Minoxidil, a topical solution or foam first developed as an
oral antihypertensive, and finasteride, an oral medication used to treat benign pros-
tatic hyperplasia, are the current standards of care for patterned hair loss treatment.
However, the efficacy of these treatments is variable between users and dependent
on consistency of use. Hair transplantation offers a surgical solution to hair loss.
The hair transplant technique was first described by Japanese dermatologist Dr.
Shoji Okuda in 1939 and later popularized in the United States by a New York City
physician Dr. Norman Orentreich [3]. Today, the hair loss treatment industry is a 3.5
billion dollar industry in the United States alone, and it is poised to reach 5.5 billion
dollars within the next decade [4].
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The majority of treatments for hair loss target patients suffering patterned hair
loss. Male pattern hair loss (MPHL), also known as androgenetic alopecia (AGA),
affects 85% of men over the course of their lifetime. Androgens, particularly testos-
terone and dihydrotestosterone (DHT), cause hair follicle shrinkage and hair thin-
ning in androgen-sensitive areas of the scalp. As a result, areas with previously
thick, terminal hair are reduced to thin, vellus hair. The areas that are first affected
are the frontal hairline and the vertex. Female pattern hair loss (FPHL) affects
approximately 40% of women throughout their lifetime [5]. Authors have recently
moved away from classifying FPHL as a form of AGA as the role of androgens in
female hair loss is debated. Females experience a different pattern of hair loss than
their male counterparts. FPHL demonstrates diffuse thinning and loss of density
while the frontal hairline is usually maintained [6]. Stages of hair loss in males are
most commonly classified by the Hamilton-Norwood scale, and female hair loss is
classified by the Ludwig system [7]. These classification systems are utilized to
determine severity of hair loss and responses to treatment. While treatment for pat-
terned hair loss represents the bulk of hair loss therapy, other forms of hair loss can
also be treated. Alopecia areata (AA) is an autoimmune form of hair loss seen com-
monly in children which can affect any part of the body and is patchy in nature. AA
is significantly less prevalent than patterned hair loss with a prevalence of 0.1-0.2%
and a lifetime incidence of 1.7% [8]. Other forms of hair loss include telogen efflu-
vium, tinea capitis, trichotillomania, and androgen-dependent female hair loss,
which are relatively less common. Indications and types of treatment vary for these
forms of alopecia and frequently differ from patterned hair loss. Along with our
increasing understanding of the types and causes of hair loss, forms of hair loss
treatment are constantly evolving.

Platelet-rich plasma was first used as a form of hair loss treatment in the
mid-2000s out of a growing interest around cell-based and regenerative medicine
[9]. The use of platelet-rich plasma is well known to oral and maxillofacial sur-
geons, periodontists, and orthopedic surgeons for its use in post-surgical wound
healing due to its anti-inflammatory properties. PRP products contain a high platelet
concentration and harness the regenerative cytokines released by activated platelets
in order to stimulate cell proliferation and increase collagen formation. PRP treat-
ment for alopecia has grown in popularity as it is minimally invasive and autologous
in nature. In addition, recovery time after the procedure is minimal, and there are
few side effects. In this chapter, we will explore the mechanism of action of PRP, the
evaluation and selection of patients for PRP therapy, the preparation and administra-
tion of PRP, and the outcomes of treatment particularly as they relate to use in pat-
terned hair loss.

Plasma-Rich Plasma Mechanism of Action

Understanding the role of PRP in hair restoration requires a brief review of the life
cycle of the hair follicle. Hair follicles undergo cyclical growth. In broad terms, the
phases of the hair follicle life cycle are (1) neogen, a phase of regeneration and
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increasing growth; (2) anagen, a phase of maximum growth and active fiber produc-
tion; (3) catagen, a phase of hair follicle regression and slowing growth; and (4)
telogen, a phase of dormancy [10]. A hair follicle will repeat this cycle numerous
times throughout its life. In AGA, when androgen-sensitive areas of the scalp are
exposed to testosterone and DHT, the life cycle of the hair follicle changes.
Androgens prevent the hair follicle from growing by increasing the length of the
telogen phase and causing shrinkage of the follicle without scarring [11]. Female
pattern hair loss results in similar non-scarring follicle shrinkage though the role of
androgens is not clear.

PRP is thought to lengthen the life cycle of hair follicles and prevent follicle
miniaturization. However, the exact mechanism of PRP in hair growth is not fully
understood. Activated platelets are known to release a range of growth factors
including platelet-derived growth factor (PDGF), transforming growth factor-beta
(TGF-b), fibroblast growth factor (FGF), epidermal growth factor (EGF), and vas-
cular endothelium growth factor (VEGF) that promote growth of the follicle and
block apoptotic signaling [12—14]. These factors are thought to directly influence
dermal papillae cells in the scalp. Dermal papillae contain multipotent stem cells
responsible for the formation of the hair follicle. Growth factors released by acti-
vated PRP increase the transcription of genes that cause proliferation and differen-
tiation of dermal papillae stem cells [13, 15]. Certain growth factors released by
PRP have specific roles in the hair follicle life cycle. EGF and hepatocyte growth
factor (HGF) speed up the progression to the anagen phase. Insulin-like growth fac-
tor (IGF-1) is required for anagen maintenance [9]. Extending the anagen phase
prolongs active growth of the hair follicle.

Platelet-rich plasma also improves hair follicle health indirectly by promoting
angiogenesis and vascularization in the scalp [15]. VEGF is particularly responsible
for neovascularization after injection of PRP into the scalp. This finding has been
reproduced in both animal and human immunohistochemistry studies that have
measured microvessel density and demonstrated a significant increase in density in
areas of hair that have undergone PRP injections versus control groups. Robust
blood supply to the follicle is essential for initiation of the anagen phase and the
development of new follicles [16, 17]. Conversely, poor vascularization is noted on
histologic specimens of scalps experiencing AGA [9, 18]. As such, PRP results in
hair growth directly by increasing cell survival and proliferation of stem cells in the
dermal papillae and indirectly by promoting angiogenesis and neovascularization.

Patient Evaluation and Selection

The patient evaluation begins with a comprehensive medical history and physical
examination. Understanding the time course, severity, pattern, and associated symp-
toms surrounding the patient’s hair loss is important for distinguishing the different
forms of alopecia. Asking about hair thinning versus hair shedding, hair loss from
the root versus broken hair, and patterned hair loss versus patchy hair loss are a few
of the preliminary questions a provider can ask in order to determine the type of hair
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loss. A history of metabolic, infectious, endocrine, and autoimmune disorders as
well as a drug, psychosocial, nutritional, and family history can provide additional
information in order to separate different forms of hair loss [19]. A thorough medi-
cal history can also help identify patients in which PRP is contraindicated. Absolute
contraindications are few; however, harvesting PRP requires phlebotomy and
patients who are not eligible for phlebotomy due to platelet dyscrasias or local
infection at the site cannot undergo PRP hair restoration therapy [20].

The clinical exam should include evaluation of the entire scalp as well as other
hair bearing areas of the body. Particular attention should be given to the pattern and
distribution of hair loss. Additionally, the quality and density of hair in multiple
areas of the scalp including the frontal hairline, frontal scalp, parietal scalp, tempo-
ral scalp, and vertex should be evaluated. During the physical exam, magnification
should be used to look for the presence of scar formation in order to distinguish
scarring versus non-scarring forms of hair loss [19]. Physical maneuvers such as the
hair pull test and the tug test can evaluate for shedding and fragility. It is important
to evaluate the quality and density of hair outside of the scalp. The patient can be
asked about and examined for changes in eyebrow, facial, or body hair. Presence of
hair loss or thinning outside of the scalp may point to systemic disorders that should
be further evaluated. The process of a detailed workup and the algorithms for diag-
nosing hair loss patterns are beyond the scope of this chapter. However, this descrip-
tion should be used as an introduction to the evaluation and examination of patients
presenting for PRP hair loss treatment.

Prior to treatment, patients should be informed of possible complications and
side effects. Due to the minimally invasive and autologous nature of the treatment,
the side effect profile is limited. Some patients note postoperative headaches and
erythema and edema around the injection sites [21].

Preparation and Administration

Currently, there are no standardized protocols for the preparation of platelet-rich
plasma for hair restoration. Broadly, there are four types of preparations for isolat-
ing platelet products: pure platelet-rich plasma (P-PRP), leukocyte- and platelet-
rich plasma (L-PRP), pure platelet-rich fibrin (P-PRF), and leukocyte- and
platelet-rich fibrin (L-PRF) [22]. The principle differences lie in the concentrates of
the platelets, fibrin, and leukocytes in these products. P-PRP and L-PRP are the two
preparations most used in the hair restoration treatment. Certain protocols use acti-
vators in order to increase growth factor production. Thrombin and calcium chloride
are examples of such activators. However, maintaining platelet stability and reduc-
ing activation prior to injection is critical for maximum benefit from the released
platelet factors. Use of anticoagulants such as heparin is frequently added to prepa-
rations in order to balance activation with platelet stability [23]. Additionally,
greater concentrations of platelets do not necessarily yield better outcomes, and
beyond certain concentrations, angiogenesis may be impaired. One study reported
an effective therapeutic concentration of 1.5 x 1076 platelets/uL, which requires an
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enrichment of approximately two to six times baseline [24]. In order to standardize
protocols and optimize treatment outcomes, the effects of different preparations, use
of activators, and platelet density on hair restoration should be further explored.

The technique for administration of PRP varies between clinicians. The prepara-
tion can be injected using intradermal or subcutaneous injection. The volumes
administered and the surface area covered are typically titrated to severity of hair
loss. Number and frequency of treatments are also determined by the practitioner.
Wide ranges of treatment number (between 1 and 6 treatments) and frequencies
(between 1 week and 3-month intervals) are noted in the literature. Improvement in
hair density and quality is typically appreciable over the course of 3 months after
completion of treatment.

Patient Outcomes

In large part, platelet-rich plasma outcome studies have demonstrated positive
results though these studies are typically limited to patients undergoing PRP treat-
ment for patterned hair loss. A number of studies have demonstrated a statistically
significant improvement in hair density and diameter in patient suffering from AGA
using noninvasive or minimally invasive forms of recipient site sampling and analy-
sis after treatment. Studies varied in the number of treatments of PRP; however, the
majority that showed positive outcomes used multiple treatments over a 3-month
period. Gkini et al. also demonstrated that patients with Norwood grade II-III had
greater improvements in hair thickness than Norwood grades V-VII [25]. The pres-
ence of vellus hair was associated with more robust results (compared to areas with
no hair). As such, patients with milder forms of hair loss and more vellus hair had
better responses to treatment, and they are likely better candidates for treatment.

Conversely, two studies found no difference in hair density and thickness out-
comes after PRP treatment. Mapar et al. performed a split-scalp study with 19 male
patients suffering from AGA and demonstrated no statistically significant improve-
ment in the areas of scalp that received PRP as opposed to placebo saline. However,
it should be noted that Mapar’s treatment protocol only called for two administra-
tions 1 month apart, which is considerably fewer than most studies that reported
positive results [26]. Puig et al. performed a large study on the use of PRP in females
with patterned hair loss with no significant improvement in hair count or hair mass
index [27]. These studies highlight the need for standardized trials in order to opti-
mize patient selection and treatment protocols.

While the efficacy of PRP in hair restoration continues to be debated, patient
satisfaction with the procedure remains high. Multiple studies have evaluated
patient-centered measures, including self-perceived hair quality and density, rate of
hair fall, and overall satisfaction with the procedure. Studies that involved patient
self-assessment questionnaires have shown a perceived complete cessation in hair
fall of in between 75% and 90% of patients and an increase in hair growth, hair
quality, and appearance in approximately 65% [28, 29]. Two studies that assessed
overall patient satisfaction both reported scores of greater than 7 out of 10 [25, 30].
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Today, quality of life (QOL) is one of the driving parameters used to compare and
recommend medical procedures. QOL is particularly important when evaluating
cosmetic procedures. The high patient satisfaction with PRP hair restoration is an
encouraging sign of PRP’s utility in this space.

Platelet-rich plasma has also been compared to and used with other forms of hair
loss treatment. Verma and colleagues designed a trial to compare outcome of PRP
treatment to minoxidil with a 6-month follow-up among 30 patients. PRP outper-
formed minoxidil in quantitative measures such as the hair tug test and also patient-
centered self-evaluations and an overall patient satisfaction survey [31]. Minoxidil
is a topical hair loss treatment that is recommended for use twice daily to the scalp.
Patient compliance with this regimen is highly variable. In addition, minoxidil is
associated with a number of side effects, the most common being scalp irritation,
growth of hair in undesirable areas, and, rarely, headache and lightheadedness.
Finasteride, an oral medication used in the treatment of AGA, also has a number of
side effects including loss of libido and impotence. PRP limited side effect profile,
and the need for few treatments improves compliance against those seeking non-
surgical hair loss treatments. PRP has also been studied when used in conjunction
with surgical hair transplantation, specifically follicular unit extraction (FUE). Two
studies, a split-scalp study and a randomized control trial, both found greater fol-
licular graft density in the treatment group that received PRP with FUE compared
to FUE only, demonstrating the utility of PRP as an adjuvant therapy in hair trans-
plantation [32, 33].

Conclusions

Platelet-rich plasma is a new biotechnology that is now used as a form of injectable
treatment for hair loss. The therapy is growing in popularity as a treatment for hair
loss due to its autologous nature, low side effect profile, and relative low cost com-
pared to surgical treatment such as hair transplant. Unlike minoxidil and finasteride,
lifelong application is not required. PRP is also not dependent on the patient’s cur-
rent amount of donor hair unlike hair transplantation and is unlikely to result in scar
formation. Patient selection, preparation of PRP, and technical details of the proce-
dure are not well studied and are not standardized with guidelines.

Most of our understanding of the mechanism of action of PRP comes from its
extensive use in wound healing. While the mechanism of action of PRP is fairly
well understood, its application as a hair loss therapy is still debated. Most current
studies focus on male patterned hair loss and very few on female pattern hair loss.
PRP’s use in other forms of hair loss has not been studied. Early studies demonstrate
largely favorable results using split-scalp study designs or control groups, though
studies demonstrating no significant difference have also been reported. All studies
were based on a small number of patients, and the treatment protocol and forms of
evaluation varied between studies. Despite these limitations, the preliminary studies
surrounding the use of PRP in hair restoration are largely favorable.
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Ultimately, PRP is quickly growing in popularity as a hair loss treatment. Patients

are increasing searching for “lunchtime” cosmetic procedures with limited down-
time. PRP promises to be that form of treatment for hair loss. However, larger stud-
ies are required in order to standardize and further study the efficacy of PRP hair
restoration.
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PRP in Facial Rejuvenation 7

Kevin C. Lee and Elie M. Ferneini

Introduction

The goal of facial rejuvenation is to reverse age-related skin changes. Over time,
both intrinsic and extrinsic processes act to thin the epidermis and reduce the natural
volume of collagen and subcutaneous fat. The net result is a thin, translucent skin
that suffers from decreased strength, elasticity, and regenerative potential. Facial
rejuvenation can be achieved through a wide variety of surgical and nonsurgical
treatments. Some procedures, such as rhytidectomy and dermal fillers, directly alter
or augment the aging tissues. Other procedures, such as microneedling and skin
resurfacing, repurpose wound healing principles to combat natural aging.

Platelets play a critical role in facilitating the inflammatory and proliferative
phases of wound healing. As a result, they are often harvested for their regenerative
properties. Platelet-rich plasma (PRP) products are estimated to contain four to
seven times the platelet concentration of normal human blood. There are four cate-
gories of PRP formulations that are divided on the basis leukocyte and fibrin con-
tent. PRP refers to products with a low fibrin content, whereas platelet-rich fibrin
(PRF) refers to products with a high fibrin content. The differences in preparation
are beyond the scope of this chapter and are covered elsewhere. PRP is extracted as
a fluid; however, benefits of increased platelet density can be augmented through
activation with calcium chloride or thrombin. Platelet activation causes
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degranulation and the release of multiple adhesion molecules and growth factors.
The presence of extracellular adhesion molecules causes activated PRP to have a
gelatinous consistency similar to that of PRF. Inactivated PRP is preferred for most
facial rejuvenation procedures because the liquid phase is more versatile and easier
to deliver subcutaneously. Regenerative cytokines such as platelet-derived growth
factor (PDGF), transforming growth factor-beta (TGF-b), fibroblast growth factor
(FGF), epidermal growth factor (EGF), and vascular endothelium growth factor
(VEGF) are responsible for enhancing collagen synthesis, stimulating cellular pro-
liferation, and increasing chemotaxis. Few studies have been able to quantify the
concentration of these growth factors.

The added value of PRP to facial rejuvenation procedures is a matter of scientific
debate. When used as an adjunct in facial rejuvenation, PRP is theorized to decrease
postprocedural downtime, reduce the incidence of complications, and improve the
final cosmetic outcome. There is truly limited evidence to support all of these pur-
ported benefits of PRP; however, this is not an admission of failure. Because the
clinical application of PRP has only been recently described, much of the evidence
derives from in vitro studies [1]. We anticipate that future trials will allow us to
distill the fact from the fiction. The purpose of this chapter is to provide an overview
of noninvasive facial rejuvenation procedures and to summarize the current evi-
dence underlying the use of PRP.

PRP for Facial Injections

PRP or PRF alone can be injected intradermally or subdermally to serve as a natu-
ral, bioactive filler. The proposed mechanism of action is similar to that of other
applications. Namely, PRP products are thought to activate dermal fibroblasts and
increase collagen and hyaluronic acid deposition. Extracellular matrix remodeling
with PRP has been demonstrated in vitro. As previously discussed, PRF is more
viscous because of the cross-linked fibrin framework. Unlike hyaluronic fillers, PRF
is not easily dissolvable with an antidote, and particular care should be taken to
aspirate prior to each injection. The number of treatments and length of time
between injections is a matter of individual philosophy. It has been recommended
that three to five injections be performed 4-6 weeks apart to achieve a loading
response followed by a tailored maintenance regimen [2]. When hyaluronic acid
fillers are combined with PRP, the procedure is termed a “vampire facelift.”
Proponents believe that adding PRP will promote cellular differentiation and dermal
growth to sustain volume even after the hyaluronic acid disappears.

Some of the best evidence regarding PRP injections comes from the split-face
randomized controlled trial conducted by Alam et al. [3]. The investigators recruited
patients with cheek rhytids of at least Glogau class II and injected these blinded
patients intradermally with 3 mL of normal saline and PRP. Although masked der-
matologists were unable to discern differences in pigmentation or texture between
the control and PRP sides, patients self-reported significantly decreased wrinkling
on the PRP side at 6-month follow-up. Likewise, Yuksel et al. also found that patient
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ratings were more favorable than dermatologist ratings [4]. In their study, 1.5 mL of
PRP was applied to ten patients in the forehead, malar area, and jaw by a dermarol-
ler and in the lateral canthal rhytids with a 27-gauge injector. This regimen was
performed three times at 2-week intervals. Three months after the last injection, the
dermatologists only identified significant improvements in skin firmness, whereas
the patients all claimed significant improvements in general appearance, skin firm-
ness, and wrinkles. The duration of any volume changes is unclear, and it is impor-
tant to note that they may only become visibly apparent to the patient months after
injection. Of note, both studies assessed raters for pigmentation changes, but no
discernable changes were identified. To the best of our knowledge, there is no evi-
dence outside of case reports to suggest that PRP alone causes pigmentation changes
[5]. Some authors have proposed using PRP injections in the management of infra-
orbital dark circles [6]. Dark circles can be causes by either excess pigmentation or
skin translucency. PRP was not found to affect melanin content, and therefore PRP
may treat dark circles through dermal thickening [6].

We were only able to identify one study in the cosmetic literature evaluating the
effects of combining soft tissue fillers and PRP. Good aesthetic results with minimal
complications were reported among 75 patients treated with the combination of
hyaluronic acid and PRP, suggesting that adding PRP may be safe and does not
worsen the cosmetic effect of fillers [7]. Multiple studies in the orthopedic literature
have investigated the use of hyaluronic acid and PRP for osteoarthritis, and they
have likewise reported few complications with the admixture. Still, it is unclear how
the cosmetic outcomes with PRP compare to filler alone. It is also unclear if PRP
truly sustains the augmented filler volume.

Laser Skin Resurfacing

Ablative lasers disrupt the skin surface by vaporizing portions of the epidermis and
the included pigment-producing cells. Fractionated lasers damage narrow columns
of tissue called microthermal zones (MTZs) in an evenly spaced pattern across the
treated surface. Adjacent healthy tissues repopulate these MTZs. Lasers also pro-
duce heat in the underlying dermis which causes collagen contracture and deposi-
tion. The resulting pigmentation reduction and dermal tightening are used to reverse
photoaging. Erythema, edema, and crust generally last for 1 week. Laser therapy is
also associated with a variety of longer lasting, untoward complications including
both hyper- and hypopigmentation and deeper dermal scarring [8]. PRP can be
combined with laser therapy as a preoperative injection, as a postoperative injection,
or as a topical solution over the ablated skin. When applied topically, a 20- to 30-min
contact time with a soaked gauze carrier or an activated PRP gel is typically used. It
is unclear which, if any, delivery method is superior. A handful of studies have
evaluated the value of adjuvant PRP in both reducing post-laser downtime/compli-
cations and improving the final cosmetic outcome.

The best evidence for adjuvant PRP comes from split-face placebo-controlled
trials. Lee et al. performed the only split-face randomized trial for post-laser PRP



76 K.C.Lee and E. M. Ferneini

injections [9]. Following resurfacing for acne scars, the authors injected 6 mL of
saline in the control side and 6 mL of PRP in the experimental side. Erythema,
edema, and crusting all resolved sooner on the PRP side by 1-2 days. After a second
laser PRP session, the final cosmetic outcome at 4 months was rated by two blinded
dermatologists. The PRP side was rated to have a marginally superior cosmetic
improvement compared to the control side. Hui and colleagues similarly performed
a randomized split-face trial but instead used PRP (~2.2 mL) in the experimental
arm as both a pre-treatment injection and a post-laser gauze-soaked mask. On the
control side, normal saline was used for both injection and topical coating. Their
laser PRP regimen involved three sessions spread over a 3-month interval after
which time the effects were rated by two blinded dermatologists. As with the prior
study, erythema, edema, and crusting were reported to have resolved 1-2 days
sooner on the PRP side. The final cosmetic outcome likewise showed that the PRP
side had marginal, but statistically significant, improvements in wrinkle, texture,
and elasticity scores. A few well-designed trials have evaluated the isolated effects
of MTZ-facilitated PRP absorption. Kar and Raj performed a split-face study evalu-
ating ablative lasers and topical PRP, and they followed the same three-session
monthly regiment as prior studies [10]. Although topical PRP reduced the severity
of post-laser symptoms, there were no significant improvements in the final cos-
metic outcome. Shin et al. compared combined laser and topical PRP and showed
that adjuvant PRP lengthened the dermal-epidermal junction and increased both the
collagen content and the number of fibroblasts [11]. Although their patients were
significantly more satisfied with PRP and although histologic changes were present,
the blinded dermatologists reported no differences in objective improvement scores.

Although PRP injections themselves do not alter melanin content [6], it is unclear
if PRP can help reduce the incidence of unanticipated hypo- or hyperpigmentation
complications with lasers. Among 158 patients treated with lasers and PRP, no
patients had hyperpigmentation or depigmentation [12]. Abdel Aal et al. performed
a split-face laser and intradermal PRP study, and they found five cases of hyperpig-
mentation none of which occurred on the PRP sides. On a microscopic basis, Na
et al. found that adding PRP to laser treatment significantly reduced the melanin
index [13]. In contrast, Shin et al. reported no difference in melanocyte index with
PRP [11]. No definitive evidence supports the ability of PRP to reducing pigmenta-
tion changes with laser therapy.

Microneedling

Microneedling causes focal damage to the papillary and reticular dermis in order to
induce collagen formation. Fine dermal rollers or oscillating needles that penetrate
up to 3 mm in depth can be used for this purpose. Topical PRP applied to an intact
skin surface is not thought to have a clinical benefit because growth factors are
unable to efficiently access the vascularized dermis. Along with ablative laser treat-
ment, needling is one method for delivering PRP to the dermis. PRP can be deliv-
ered before or after needling as an intradermal injection or as a topical application.
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When applied topically, the duration of skin contact varies, but like with lasers, a
20- to 30-min contact time is recommended. However, this is not a firm recommen-
dation, and some have used activated PRP gel as a post-needling topical agent for
up to an hour [14]. Creative techniques have also been described for depositing
liquid PRP interprocedurally [15]. Combining microneedling with PRP is colloqui-
ally termed the “vampire facial.” The downtime with microneedling is less than that
of lasers because there is minimal epidermal trauma. Likewise, pigmentation and
scarring are less of a concern. Therefore, in microneedling, adjuvant PRP is primar-
ily used to improve the cosmetic outcome.

Like with all other procedures, the evidence for PRP in microneedling is based
on a scattering of small sample studies. El-Domyati et al. looked at needling with
adjuvant PRP for post-acne scarring [16]. They found that 5 min of post-treatment
topical PRP improved the histology of dermal structures compared to dermaroller
alone at 3 months following the last of six treatment sessions. Ibrahim et al. also
performed a split-face study for post-acne scarring [17]. Topical activated PRP was
applied to the experimental arm after microneedling. There were no significant dif-
ferences in cosmetic improvement between the two study arms; however, the PRP
group had approximately a 2-day decrease in the duration of post-needling edema
and erythema.

Fat Grafting

Autologous fat grafts are used as natural filler materials to treat volume loss in the
aging face. Fat grafts can be placed in the periorbital region, temporal fossa, malar
eminence, lips, and nasolabial folds. Because fat has an unpredictable survival rate,
there is a tendency to overgraft in anticipation of resorption. Overgrafting is not
without complication, and fat necrosis, calcification, and even accidental overcor-
rection are possible sequelae. A variety of techniques, such as adjusting cannula
diameter, have been proposed to optimize fat graft survival [18]. Along those lines,
some providers have recently proposed using adjuvant PRP with the transplanted fat
to promote vascular ingrowth and differentiation of mesenchymal precursor cells
[19]. Certainly the ability of growth factors to promote the survival of non-
vascularized grafts has been well-described in the maxillofacial literature with bone
morphogenetic proteins [20]. Like with many other PRP applications, there is an
abundance of in vitro evidence supporting the ability of PRP to increase fall cell
survival [21, 22]. In rats, a 20% mixture of PRP was shown to increase capillary
ingrowth and help maintain normal adipocyte morphology up to 120 days after
transfer [23].

The combination of PRP with autologous fat is relatively straightforward; how-
ever, the amount and preparation of PRP are important considerations. As with all
other applications, the therapeutic concentration of PRP is a matter of debate.
Commonly used “dosages” of inactivated PRP are generally between 20% and 40%
by volume. Because there is a concern that higher concentrations of PRP inhibit
adipogenic differentiation, some have advocated for activated PRP admixtures as
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low as 5% [24]. Unlike other adjuvant applications, fat grafting does not necessarily
require liquid phase PRP, and this flexibility can be used to a patient’s advantage.
Activated PRP has a gelatinous consistency which may be a preferable carrier
medium when more extensive soft tissue reconstruction is required, such as when
treating progressive hemifacial atrophy (Parry-Romberg syndrome) [25].
Furthermore, PRF appears to increase tissue retention better than PRP. Xiong et al.
compared microscopic findings 12 weeks after transfer and found that the neovas-
cular density of fat grafts was higher with PRF than PRP [26]. PRF has been shown
to release more growth factors over an extended period of time. The authors of the
study hypothesized that the three-dimensional fibrin framework of PRF supported a
scaffold for cellular ingrowth. They also proposed that activating PRP may blunt the
benefits of PRP because fat healing is a protracted process and activation decreases
the effective life span of the PRP growth factors.

Conclusion

Multiple split-face randomized trials have been conducted to assess the efficacy of
PRP products in facial rejuvenation; however, much of the evidence is based on
limited sample sizes. Post-treatment PRP appears to reduce the duration of edema
and erythema by 1-2 days. The cosmetic benefits appear to be real based on the
consistency of results across multiple published studies. Specifically, for fat graft-
ing, a gelatinous inactivated formulation of PRP may optimize graft survival.
Alleged complications with PRP are minimal and were rarely reported. Standard
facial rejuvenation procedures inherently carry greater treatment risks. Common to
all PRP applications, there is wide variability in the preparation and content of prod-
ucts. This chapter presents general principles and available treatment options; how-
ever, the heterogeneity of protocols makes it impossible to provide precise
evidence-based treatment recommendations.

References

1. Kim DH, Je YJ, Kim CD, Lee YH, Seo YJ, Lee JH, et al. Can platelet-rich plasma be used for
skin rejuvenation? Evaluation of effects of platelet-rich plasma on human dermal fibroblast.
Ann Dermatol. 2011;23(4):424-31.

2. Peng GL. Platelet-rich plasma for skin rejuvenation: facts, fiction, and pearls for practice.
Facial Plast Surg Clin North Am. 2019;27(3):405-11.

3. Alam M, Hughart R, Champlain A, Geisler A, Paghdal K, Whiting D, et al. Effect of platelet-
rich plasma injection for rejuvenation of photoaged facial skin: a randomized clinical trial.
JAMA Dermatol. 2018;154(12):1447-52.

4. Yuksel EP, Sahin G, Aydin F, Senturk N, Turanli AY. Evaluation of effects of platelet-rich
plasma on human facial skin. J Cosmet Laser Ther. 2014;16(5):206-8.

5. Uysal CA, Ertas NM. Platelet-rich plasma increases pigmentation. J Craniofac Surg.
2017;28(8):e793.

6. Mehryan P, Zartab H, Rajabi A, Pazhoohi N, Firooz A. Assessment of efficacy of platelet-
rich plasma (PRP) on infraorbital dark circles and crow's feet wrinkles. J Cosmet Dermatol.
2014;13(1):72-8.



PRP in Facial Rejuvenation 79

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Lee H, Yoon K, Lee M. Full-face augmentation using Tissuefill mixed with platelet-rich

plasma: “Q.O.Fill”. J Cosmet Laser Ther. 2019;21(3):166-70.

. Halepas S, Lee KC, Higham ZL, Ferneini EM. A 20-year analysis of adverse events and litiga-

tion with light-based skin resurfacing procedures. J Oral Maxillofac Surg. 2020;78(4):619-28.

. Lee JW, Kim BJ, Kim MN, Mun SK. The efficacy of autologous platelet rich plasma combined

with ablative carbon dioxide fractional resurfacing for acne scars: a simultaneous split-face
trial. Dermatol Surg. 2011;37(7):931-8.

Kar BR, Raj C. Fractional CO2 laser vs fractional CO2 with topical platelet-rich plasma in the
treatment of acne scars: a split-face comparison trial. J Cutan Aesthet Surg. 2017;10(3):136-44.
Shin MK, Lee JH, Lee SJ, Kim NI. Platelet-rich plasma combined with fractional laser therapy
for skin rejuvenation. Dermatol Surg. 2012;38(4):623-30.

Cai J, Tian J, Chen K, Cheng LH, Xuan M, Cheng B. Erbium fractional laser irradiation
combined with autologous platelet-rich plasma and platelet-poor plasma application for facial
rejuvenation. J Cosmet Dermatol. 2020;19(8):1975-9.

Na JI, Choi JW, Choi HR, Jeong JB, Park KC, Youn SW, et al. Rapid healing and reduced ery-
thema after ablative fractional carbon dioxide laser resurfacing combined with the application
of autologous platelet-rich plasma. Dermatol Surg. 2011;37(4):463-8.

Asif M, Kanodia S, Singh K. Combined autologous platelet-rich plasma with microneedling
verses microneedling with distilled water in the treatment of atrophic acne scars: a concurrent
split-face study. J Cosmet Dermatol. 2016;15(4):434-43.

Pathania V, Oberoi B, Shankar P, Bhatt S. Single-handed vampire facial: combining micronee-
dling with platelet-rich plasma for single-hand use. ] Am Acad Dermatol. 2021;84(2):e77-8.
El-Domyati M, Abdel-Wahab H, Hossam A. Microneedling combined with platelet-rich
plasma or trichloroacetic acid peeling for management of acne scarring: a split-face clinical
and histologic comparison. J Cosmet Dermatol. 2018;17(1):73-83.

Ibrahim MK, Ibrahim SM, Salem AM. Skin microneedling plus platelet-rich plasma versus
skin microneedling alone in the treatment of atrophic post acne scars: a split face comparative
study. J Dermatolog Treat. 2018;29(3):281-6.

James IB, Bourne DA, DiBernardo G, Wang SS, Gusenoff JA, Marra K, et al. The architecture
of fat grafting II: impact of cannula diameter. Plast Reconstr Surg. 2018;142(5):1219-25.
Modarressi A. Platlet rich plasma (PRP) improves fat grafting outcomes. World J Plast Surg.
2013;2(1):6-13.

Herford AS, Miller M, Signorino F. Maxillofacial defects and the use of growth factors. Oral
Maxillofac Surg Clin North Am. 2017;29(1):75-88.

Rodriguez-Flores J, Palomar-Gallego MA, Enguita-Valls AB, Rodriguez-Peralto JL, Torres
J. Influence of platelet-rich plasma on the histologic characteristics of the autologous fat graft
to the upper lip of rabbits. Aesthet Plast Surg. 2011;35(4):480-6.

Pires Fraga MF, Nishio RT, Ishikawa RS, Perin LF, Helene A Jr, Malheiros CA. Increased
survival of free fat grafts with platelet-rich plasma in rabbits. J Plast Reconstr Aesthet Surg.
2010;63(12):e818-22.

Nakamura S, Ishihara M, Takikawa M, Murakami K, Kishimoto S, Nakamura S, et al. Platelet-
rich plasma (PRP) promotes survival of fat-grafts in rats. Ann Plast Surg. 2010;65(1):101-6.
Kakudo N, Minakata T, Mitsui T, Kushida S, Notodihardjo FZ, Kusumoto K. Proliferation-
promoting effect of platelet-rich plasma on human adipose-derived stem cells and human
dermal fibroblasts. Plast Reconstr Surg. 2008;122(5):1352-60.

Cervelli V, Gentile P. Use of cell fat mixed with platelet gel in progressive hemifacial atrophy.
Aesthet Plast Surg. 2009;33(1):22-7.

Xiong S, Qiu L, Su'Y, Zheng H, Yi C. Platelet-rich plasma and platelet-rich fibrin enhance the
outcomes of fat grafting: a comparative study. Plast Reconstr Surg. 2019;143(6):1201e—12e.



®

Check for
updates

PRP in Oral and Maxillofacial Surgery 8
and Dental Implants

Steven Halepas, Xun Joy Chen, and Alia Koch

Introduction

Oral and Maxillofacial surgery (OMS) covers a wide variety of procedures, from den-
toalveolar surgeries such as extractions and dental implants, to soft tissue reconstruc-
tion, to orthognathic jaw surgery. The American Association of Oral and Maxillofacial
Surgeons tries to explain the scope to dental students by dividing into six categories,
dentoalveolar surgery, infections, pathology, trauma, orthognathic surgery, cleft/cra-
niofacial reconstruction, TMJ, and facial cosmetics. The field, thus, has long searched
for methods to aid in post-surgical healing, remodeling, and regeneration.

When teeth are extracted, bone remodeling is essential to the recovery process.
Third molar extraction is a common procedure in Oral and Maxillofacial surgery.
Approximately ten million wisdom teeth are extracted from five million patients
every year in the United States [1]. Similarly, dental implants are a part of daily
practice and often the ideal treatment for replacing missing teeth. Branemark et al.
first described the use of the modern-day implant in North America in 1982 [2].
With technological advancements, such as cone beam computed tomography
(CBCT) and intra-oral scanning, practitioners can plan the treatment of more
advance cases and have improved clinical outcomes. More complex cases often
require technically demanding hard and/or soft tissue augmentation. As the need for
bone augmentation increases, the dental literature has become flooded with numer-
ous techniques and materials. One, of recent excitement, is the use of platelet-rich
plasma and platelet-rich fibrin. Marx first described the use of platelet-rich plasma
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(PRP) and platelet-rich fibrin (PRF) in the dental field in 1998 where he reported
positive healing of the alveolar bone with its use [3]. Platelet-rich plasma/fibrin has
since gained substantial popularity in the dental and medical community.

PRP is a concentration of platelet and plasma proteins derived from whole blood
that is placed in a centrifuge to remove the red blood cells. PRP production involves
the use of anticoagulants. PRF, however, is made without the use of anticoagulants,
and the blood is immediately placed into the centrifuge after phlebotomy. This
allows the coagulation cascade to occur causing a PRF matrix to be formed in the
test tube that traps cytokines and other growth factors (see Chap. 3, PRP Preparation).
PRP is believed to work via the degranulation of the alpha granules in platelets
which contain several growth factors [4]. PRP contains a variety of growth factors/
cytokines such as transforming growth factor beta (TGF-beta), platelet-derived
growth factor (PDGF), insulin-like growth factor (IGF), and epidermal growth fac-
tor (EGF). While both PRP and PRF contain many of the same growth factors,
much research is being invested into the quantity. Given the matrix formed in PRF,
it is believed that the growth factors are released slowly over time as compared to
PRP, but some of the amount of these cytokines may be lost in the process. A study
preformed observed the growth factors released from PRP and PRF over a period.
The highest produced growth factors were PDGF-AA, PDGF-BB, TGFB1, VEGF,
and PDGF-AB. PRP was demonstrated to provide the highest growth factor in the
short term. Over a 10-day period, however, they noted that PRF released the highest
amounts of total growth factor [5].

It is well known that PDGF/IGF-1, when added to bone defects and implants,
promotes osteoblasts and osteointegration [6]. Although numerous studies have
demonstrated statistical significance from a biological basis, none to our knowledge
have formulated a concrete clinical difference [7, 8]. A systematic review was con-
ducted to determine the efficacy of PRP for non-transfusion use in the fields of
dentistry, orthopedics, and wound care. The authors retrieved a total of 1240 refer-
ences and found statistically significant results regarding the use of PRP in treat-
ment of intra-bony defects as well as bone augmentation for implant placement.
However, the authors in this study noted a high risk of bias in the individual studies
due to lack of randomization and blinding [9].

Platelet-rich products are being utilized and studied in each of the disciplines of
OMS. This chapter will explore its use in dentoalveolar (specifically extractions,
ridge augmentation, and dental implants), in reconstruction (cleft/craniofacial, bone
and soft tissue defects), as well as in pathology (medication-related osteonecrosis of
the jaw) and TMJ disorders. Its use in facial cosmetics will be explored in other
chapters of this book (see Chap. 5, Hair Restoration, and Chap. 6, Facial Rejuvenation).

Dentoalveolar
Extraction Sockets

PRP and PRF have been hypothesized to aid in bone healing after extraction sockets.
Since extraction of third molars is so common, they are useful models for
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investigating this theory. Mandibular third molar extractions specifically are generally
more painful and have more postoperative complications than maxillary third molars.
PRF has long thought to provide benefit in regard to reducing the incidents of alveolar
osteitis, pain, trismus, and swelling following extraction of third molars. The reason
for this is due to the enhanced healing by the growth factors. In 2017 a study was
published in the Journal of Oral and Maxillofacial Surgery in which they conducted a
systematic review and meta-analysis to determine the efficacy of platelet-rich fibrin
after third molar extractions [10]. They concluded that limited evidence exists and
there is a need for standardized randomized controlled trials to truly determine the
efficacy of PRF. The meta-analysis only found six papers published in this topic with
all of them from outside of the United States. There has been a huge push for the use
of platelet-rich fibrin in all aspects of medicine with dentistry included.

A Cochrane review was published in 2020 that included 62 trials and 4643 par-
ticipants to explore surgical techniques of mandibular third molar extractions. The
authors found “lacing platelet-rich plasma (PRP) or platelet-rich fibrin (PRF) in
sockets may reduce the incidence of alveolar osteitis (OR 0.39, 95% CI 0.22-0.67;
2 studies) [11].” Zhu et al. published a meta-analysis in 2021 that included 42 stud-
ies, stating that PRF significantly reduced the incidence of both alveolar osteitis and
postoperative pain [12]. Malhotra et al. preformed a study exploring bone regenera-
tion in extraction sockets of third molars and found that faster bone formation in the
PRF sockets compared to the control [13]. The data is still imperfect in regard to
clear benefit; it appears biologically plausible that platelet-rich products are benefi-
cial in the wound healing process of third molar extractions.

Implant Osteointegration

A systematic review conducted in 2014 determined the 10-year survival rate of
dental implants is approximately 94.6% [14]. As clinicians, it is hard to ask for bet-
ter odds, yet as dentistry advances, patients are expecting a guarantee. Current
research is looking at how to shorten the integration time and time to prosthesis.
PRP and PRF can possibly serve a role in this purpose.

A split mouth randomized clinical trial was conducted involving PRF and
implants in the posterior maxilla. Implant stability was determined using resonance
frequency analysis at 2, 4, and 6 weeks after placement. The authors found statisti-
cally significant increased ISQ at the 6-week period with implants placed using PRF
[15]. The study is limited in that it only includes 20 patients. While the statistically
significant result does not necessarily correlate to meaning clinically significant, it
does demonstrate that biologically, PRF is having some sort of measurable effect.
Another study performed using 72 dental implants in 9 beagles attempted to analyze
the bone remodeling using PRP and PRF. After 3-month follow-up, the authors
concluded that there was no increase in primary or secondary implant stability, but
they did see a biological improvement in the peri-implant bone volume and struc-
tural integration [16].

In a randomized, single-blinded, controlled clinical trial, involving placing 41
immediate implants, half received PRF at the peri-implant region and half did not; the
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authors found no increased implant stability when using radiofrequency analysis [17].
Although clinical effects have yet to be established, a biological effect is being consis-
tently observed. In one in vitro study in which roughened titanium dental implants
were treated with PRP, the authors found that the number of cells observed around the
implant at day 5 was double that of the non-PRP coated [18]. In another study where
titanium implants were placed in the femurs of rats using PRF, the authors found that
the PRF caused an osseoinductive response as compared to the control [19].

Keratinized Soft Tissue

The utilization of PRF has been associated with better epithelialization and improved
soft tissue healing. The growth factors that constitute PRP and PRF promote fibro-
blasts and other healing mechanisms. With this information it is logical that PRP
and PRF cause a better soft tissue response after surgical procedure. Many studies
have demonstrated both a faster remodeling and an increased thickness in keratin-
ized mucosa when using PRP or PRF. A randomized, split-mouth design was con-
ducted for eight patients who needed bilateral widening of keratinized mucosa
around dental implants in the mandible. On one side of the mouth, a free gingival
graft was placed, while on the other, a PRF membrane was placed. The mean amount
of keratinized mucosa at the implant at the PRF-only site was 3.3 mm = 0.9 and
3.8 mm = 1.0 at the free gingival graft site [20]. The use of PRF membranes may
provide an alternative to restoring the keratinized gingiva around implants. PRF
membranes are a great alternative, being less invasive, do not require a donor site,
and have less postoperative pain.

On a study involving 126 immediately placed dental implants and the use of PRP,
the authors found a statistically significant soft tissue healing score as compared to
the control at 3 and 7 days. The study does note no difference found at 5-year fol-
low-up, however [21]. In the exploration of soft tissue healing, many studies also
found decrease pain and swelling associated with PRP and PRF at the surgical pro-
cedure. While both of these tend to be difficult to measure and are relatively subjec-
tive, any benefit could be an added bonus for the patient. As experienced providers
know, keratinized gingiva is very important at dental implant sites and difficult to
get back if lost. Maintaining as much keratinized gingiva as possible is very valu-
able when placing dental implants.

Sinus Lifts

The maxillary bone tends to resorb in the apical and palatal direction. In the poste-
rior maxilla, the lack of vertical bone height may prevent implant placement. When
minimal vertical bone height exists between the crest of the edentulous ridge and
the maxillary sinus, the provider may need to perform a sinus lift [22].
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Internal sinus lifts can be performed when there is already at least 5 mm of bone
between the ridge and the maxillary sinus. There must be adequate bone height
below the sinus for the implant to be stable when it is inserted in the alveolar bone.
This approach is executed by making the osteotomy just short of the sinus floor.
Hand osteotomes can then be used to “up-fracture” the remaining cortical bone at
the sinus floor, and graft material can be packed at the osteotomy site [23, 24].
Minimizing the extent of the elevation decreases the risk of creating a hole in the
sinus floor and perforating the sinus membrane. Some proponents have argued just
packing a PRF pellet at osteotomy site and pushing it to the base of the sinus mem-
brane before putting in the implant [25]. The PRF pellet might potentially be a good
alternative to packing bone particulate graft material or conjunction.

An external sinus lift is performed using a window that is created in the lateral
sinus wall after reflecting an extensive mucoperiosteal flap often involving releasing
incisions. After flap elevation, the sinus may be visible through the lateral wall
showing a transparent/blue appearance. A rectangular- or oval-shaped window is
created with a large round diamond bur or now more commonly with an ultrasonic
piezotome using great care to prevent perforating the underlying sinus membrane
[26]. Utilization of a Dentium Advanced Sinus Kit or other sinus membrane kits can
also aid in forming the osteo-window without sinus communication. Bone graft
material is placed into the new space created between the apical aspect of the eden-
tulous ridge and the sinus. The provider should wait 5-6 months after sinus aug-
mentation and then 3 months after implant placement prior to prosthetic treatment.
If the sinus elevation is not extensive, and enough bone height already exists to
achieve primary stability, the implant can be placed at the time of the sinus augmen-
tation. Some have advocated the use of PRF membranes either along the sinus
membrane or along the osteotomy window defect (Fig. 8.1).

A recent study looked at the use of Unilab Surgibone with and without PRP on
bone healing of the sinus floor. They measured histologic and residency frequency
analysis for implant stability. Bone biopsies were conducted at time of implant
placement on average 7 months following the sinus augmentation. Out of the ten

Fig.8.1 PRF membranes
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patients, they found no statistically significant effect in either measure [27]. A
Cochrane systematic review in 2010 found no statistical efficacy for its use in dental
implant sinus lifts but did note limited data existed [28].

Ridge Augmentation

Bone quality is an important factor in successful osteointegration. Lekohlm and
Zarb classify bone quality into four categories depending on the ratio of compact
bone and spongy bone as well as the subjective bone resistance when drilling [29]
(Table 8.1).

Bone grafting procedures are utilized to augment the region generally when insuf-
ficient bone exists at a potential implant site. Sometimes bone grafting is used when
there is sufficient bone to stabilize an implant but not enough to cover all the implants
surfaces [30, 31]. Guided bone regeneration (GBR) generally consists of utilizing
bone particulate substances. Bone augmentation can be done months prior to implant
placement to facilitate future implant placement. The primary purpose of these pro-
cedures is to provide a scaffold and maintain volume for new bone formation.

Allografts are biomaterials generally composed of cadaver bone. An important
difference from autogenous bone is the loss of endogenous cells and growth factors
resulting from processing and sterilizing the allograft, thereby reducing or eliminat-
ing osteoinductive capacity. Consequently, the allograft will serve as an effective
osteoconductive scaffold for new bone regeneration [32]. PRP is believed to act as
a reservoir for stem cells and therefore provide that osteoinductive capacity that is
found in autologous grafts (see Fig. 8.2). A xenograft is a graft that is obtained from

Table 8.1 Lekohlm and Zarb bone quality classification system

Type 1 bone Very hard and dense and has a less prominent blood supply

Type 2 bone Thick layer of compact one with a core of dense trabecular bone
Type 3 bone A thin layer of compact bone surrounding a core of trabecular bone
Type 4 bone The spongiest with a thin layer of cortical bone around a core of low

density trabecular bone

Fig. 8.2 Platelet-rich
plasma mixed with bone
particulate
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another species. The xenografts used in alveolar bone regeneration are osteocon-
ductive bone graft substitute made of inorganic components but derived from non-
human sources. The use of bone graft substitutes eliminates the need for harvesting
of autogenous bone or harvesting a smaller volume of autogenous bone while pro-
viding structure and slow resorption characteristics that stabilize and “protect” the
autogenous component of the bone graft. In addition, the use of bone graft substi-
tutes eliminates donor site morbidity. To take best advantage of these characteris-
tics, clinicians often mix and/or layer autogenous bone and biomaterial bone graft
substitute components [33]. It is expected that implants can be placed into previ-
ously placed block or particulate bone grafts 5-6 months post graft placement; how-
ever, there is older data that shows implant stability may be more predictable when
placed 6-9 months following bone grafting [34-37]. When particulate grafting
occurs simultaneous with implant placement, the implant will often begin prosthetic
treatment approximately 3—4 months after implant placement [38].

It has been demonstrated that PRF gradually releases autologous growth factors
and is more effective for the proliferation of differentiation of osteoblasts than PRP
in vivo [39]. PRF can act as a resorbable membrane for guided bone regeneration in
that it prevents the emigration of non-desirable cells into the bone defect as well as
provide a source of healing by promoting cytokines [40]. Therefore, the use of PRF
can be used as a membrane itself or in conjunction with other membranes. An addi-
tional use of PRF with bone particulate is the fabrication of “sticky bone” which is
PRF and allograft. The fibrin acts as a glue to hold the particulate together and can
be molded into the desired morphology (see Fig. 8.3). The protocol for preparation
of sticky bone is described in Chap. 8, PRP Cases.

Reconstruction
Clefts

In a similar fashion to ridge augmentation, PRP is being investigated for benefit in
alveolar cleft bone grafting. Sakio et al. reported on a study 29 patients with unilat-
eral alveolar clefts, with 6 in the control, and 23 in the PRP group. All patients
underwent iliac cancellous bone grafts. The authors [41] found no significant differ-
ence in mean resorption of the bone on follow-up imaging, suggesting that PRP
does not decrease bone resorption following the procedure. A similar study was
preformed 3 years later by Chen and colleges. They aimed to analyze the newly
formed bone volume 6 months after secondary alveoloplasty using iliac cancellous
bone graft, with and without platelet-rich plasma in 40 patients, this time with 20
patients in each group. The authors found no statistical difference in bone formation
on postoperative bone volume [42]. The current literature, therefore, does not show
benefit with PRP in terms of bone volume. It would be helpful if other studies
explored any soft tissue benefit when using PRP or if the alveolar cleft that was
grafted with PRP has increased dental implant survival long term.
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Fig. 8.3 Creation of
sticky bone using PRF and
bony particulate.
Venipuncture is preformed
to obtain 10 ccs of blood
and placed in the
centrifuge at 2500 rpms for
3.5 min. The top plasma/
fibrin layer is removed
with an empty syringe
which is approximately

1 cc. Generally, you can
expect to obtain 1 cc of
autologous fibrin glue for
each 10 cc test tube of
venous blood. Mix the
autologous fibrin glue
immediately with bone
particles on a metal dish.
Mold the bone into the
desired thickness with a
periosteal elevator. Leave
the coated bone
undisturbed on the metal
dish for 5-10 min. The
bone particulate will form
“sticky bone”

(PRF + allograft)

Large Bone Defects

In addition to being used in small maxillary and mandibular ridge augmentations,
PRP is being used in large bone defects in conjunction with other reconstruction
techniques. Custom cribs of titanium mesh are being fabricated to help facilitate
bone growth in maxillary and mandibular reconstruction. Marx et al. have described
this in detail using both bone particular (CCFDAB) and bone harvested from ante-
rior iliac crests along with thBMP-2 to stimulate bone formation [43]. In addition to
the rhBMP-2, Marx et al. incorporate PRP. Marx and colleagues define the “tissue
engineering triangle” as a source of cells, a signal, and a matrix. The recombinant
human bone morphogenic protein-2 (thBMP-2) is a chemoattractant providing the
stem cells, crushed cancellous freeze-dried allogenic bone (CCFDAB) provides the
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osteoconductive matrix, and the PRP provides the signal through its growth factors
[43]. PRF membranes have also been used to lay over the titanium mesh to aid in
soft tissue closure. PRF can also be used after the mesh is removed, laying over the
newly formed bone.

Pathology

The growth factors of PRP have thought to be beneficial in cases of osteonecrosis of
the jaws (ONJ). Osteoradionecrosis of the jaws (ORNJ) and medication-related
osteonecrosis of the jaws (MRONJ) are a growing problem. In 2016 a paper was
published that reviewed the current literature regarding PRP and both preventing
and treating ONJ. The study found several papers that used PRP as a prevention
strategy, placing PRP in dental extraction sockets of high-risk patients and, as treat-
ment, placing PRP after debridement of established osteonecrosis cases. The study
stated there was inconclusive evidence to show benefit and randomized controlled
trials were needed [44]. Some clinicals have reported PRP use after laser therapy in
treating patients with MRONJ [45]. In 2018, a study was performed in rats which
showed local application of autologous PRP was a viable therapy in preventing the
occurrence of MRONIJ following tooth extractions [46]. A systematic review in
2019 showed PRP as an adjuvant to surgical debridement can produce significant
benefit in treatment of MRONIJ, with one study finding 80.2% of patients com-
pletely healed [47].

™)

The use of PRP in temporomandibular joint disorders that are associated with
chronic pain is gaining popularity as a treatment modality, especially as treating
TMD can often be difficult [48]. A randomized controlled trial found injection of
PRP in comparison to hyaluronic acid demonstrated more pain reduction [49]. A
study was performed to determine the effects of PRP injections in cases of TMJ
arthritis in domestic pigs. The authors found a “A significant reduction in signs of
histological inflammation, such as hyperplasia of the synovial membrane, leucocyte
infiltration, cartilage surface alterations, and an increase in cartilage-specific gly-
cosaminoglycan content, was observed [50].”

Conclusion

Oral and Maxillofacial surgery covers a wide plethora of procedures, but dentoal-
veolar surgery is the most numerous in daily practice and therefore is likely why
most available data on PRP and PRF pertains to extractions and dental implants.
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PRP/PREF has potential to help with postoperative healing after extractions as well
as improve bone and soft tissue formation for future dental implant site develop-
ment. Investigations are starting to be done for use in TMJ disorders and bone
reconstruction. PRP/PRF may also prove beneficial for some of the other proce-
dures in the field, including soft tissue defects and flap reconstruction. As the reader
can appreciate, the literature on this topic is lacking and therefore unable to provide
definitive guidelines for its use. The safety and low cost of PRP/PRF along with the
biological plausibility make it still a valuable treatment modality for practitioners.
Over the next decade, the authors of this chapter expect to see a robust wave of lit-
erature of randomized controlled trials that will hopefully help develop meaningful
clinical indications.

For now, the PRP/PREF literature appears centered around dental implant surgery.
Dental implant osteointegration is already arbitrarily very successful. Implant suc-
cess rate is estimated around 95% [14]. Most dental implant research focuses on
how to improve success in less than ideal situations (i.e., inadequate bone height,
uncontrolled diabetics). PRP and PRF may just be an additional tool in the dentists’
arsenal to aid in these circumstances. While concrete evidence of actual osteointe-
gration improvement with PRP/PRF is lacking, evidence does exist in terms of soft
tissue healing and is likely to be a big area of future research. Soft tissue involving
implants has been a long-studied area given the belief that it is directly related to the
longevity of the implant’s success. While the PRP/PRF may have clinical effects to
primary or secondary stability, its use in promoting soft tissue healing cannot be
ignored. PRP/PRF are minimally invasive, have essentially no risk to the patient,
and can be inexpensive to produce. While some still believe there used to be use a
better word here, the risk/benefit analysis with the current data supports its use in
specific instances. Like much of dental research, without large-scale clinical trials,
the data to fully support its use in everyday practice is limited.
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Case 1

A 55-year-old female presents with missing teeth at sites #19 and #30 with insuffi-
cient ridge (Seibert class I) for dental implant placement. The treatment options
were discussed and the patient elected to undergo guided bone regeneration. Given
this patient’s defects, bilateral tunnel grafts were selected for augmentation.

Local anesthesia was delivered via bilateral inferior alveolar blocks and long
buccal injections, utilizing 2% lidocaine with 1:100,000 epinephrine. At the start of
the procedure, 20 cc of the patients’ blood was drawn using a single-use 10 cc Red
Top BD Vacutainer (R) Serum Blood Collection Tubes. The tubes were immediately
placed in the centrifuge for 12 min at 2500 rpms (Fig. 9.1a). Figure 9.1b and ¢ show
the preoperative surgical sites and the horizontal ridge deficiency. A #15 blade was
then used to make an incision in the buccal vestibule just lateral to the second pre-
molars at the junction of attached and unattached tissue. A periosteal elevator was
used to complete a subperiosteal dissection allowing for tunneling of the buccal
aspect of the defective ridge (Fig. 9.1d). 1 cc of xenograft was placed in a 0.5 cc
syringe with the top cut off (Fig. 9.1e). The bone was packed firmly into the buccal
aspect of the defect (Fig. 9.1f). The platelet-rich fibrin (PRF) clot was then removed
from the test tube using college pliers (Fig. 9.1g) and then flattened into a mem-
brane and placed at the surgical sites bilaterally to aid in graft containment and as a
biologic dressing (Fig. 9.1h). The surgical sites were then closed with 4-0 vicryl
sutures (Fig. 9.1i). The tunnel graft procedure is an excellent technique that is
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Fig.9.1 (a) Two 10 cc tubes were filled with the patients’ blood (left) and placed in the centrifuge
for 12 min at 2500 rpms (right). (b) Site #30 preoperatively. (c¢) Site #19 preoperatively. (d)
Surgical site with subperiosteal dissection. (e) Syringe loaded with bone particulate graft. (f) Bone
particulate at intended site. (g) PRF being removed from tube and flattened into a membrane. (h)
Platelet-rich fibrin membrane being placed over bone particulate at the incision site. (i) Post-
surgical photo of the incision site with PRF membrane secured under the gingiva
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Fig. 9.1 (continued)
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relatively minimally invasive with a small surgical incision. The gingival blood sup-
ply is not disturbed, and the use of a PRF membrane allows for nice soft tissue heal-
ing and minimizes bone particulate loss at the surgical site.

Case 2

A 48-year-old male presented with missing teeth #12 and 13. The patient elected
for two dental implants at the edentulous sites. Due to pneumatization of the bone
by the left maxillary sinus, a direct sinus lift was advised prior to proper implant
placement. Local anesthesia was achieved with 4% Septocaine 1:100,000 epi via
local infiltration. A #15 blade was used to make an envelope incision from tooth
#11 to tooth #14 with a mesial release. A lateral sinus reamer bur was used to
access the maxillary sinus. On exposure a tear was noted in the Schneiderian mem-
brane (Fig. 9.2a). After discussing options with the patient, a PRF membrane was

Fig. 9.2 (a) Sinus membrane perforation. (b) Placement of PRF membrane. (¢) PRF membrane
covering membrane defect. (d) Placement of membrane with simultaneous sinus lift
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utilized. 10 cc of the patients’ blood was drawn and placed in a centrifuge at
2500 rpm for 12 min. The PRF clots were flattened into a membrane and placed
into the surgical site (Fig. 9.2b). The membrane was positioned over the defect,
implants were subsequently placed and torqued to >35 N-cm, and the site was
packed with particulate allograft (Fig. 9.2¢, d). The tissue was reapproximated
with 4-0 chromic gut sutures.

Case 3

A 42-year-old female presented with an atrophic mandible with what appeared as
multiple traumatic bone cysts resulting in a defective ridge. Local anesthesia was
achieved with 2% lidocaine 1:100,000 epi via inferior alveolar nerve block. A #15
blade was used to make an incision on the buccal aspect of the ridge with a mesial
release. A full-thickness periosteal flap was raised, and a round bur was used to create
bony windows into the cavity (Fig. 9.3a). Tissue was sent for biologic specimen. 10
ccs of the patient’s blood were drawn into a test tube and placed in the centrifuge at
2500 rpms for 3.5 min. The top plasma/fibrin layer is removed with an empty syringe.
This layer is the light orange layer noted in Fig. 9.3b. Generally, you can expect to
obtain 1 cc of autologous fibrin glue for each 10 cc test tube of venous blood. Mix the
autologous fibrin glue immediately with bone particles on a metal dish. Mold the bone
into the desired thickness with a periosteal elevator. Leave the coated bone undis-
turbed on the metal dish for 5-10 min. The bone particulate will form “sticky bone”
(PRF + allograft) seen in Fig. 9.3c. The sticky bone can then be placed at the surgical
site with the desired morphology. A resorbable membrane was then placed over the
sticky bone. The gingiva was closed with 4-0 chromic gut sutures. Figure 9.3e shows
the cone beam computed tomography (CBCT) 5 months postoperatively.

Case 4

A 34-year-old male presented with a horizontal mandibular defect canine to
canine. Treatment options were discussed and the patient elected to undergo a
ramus graft procedure for anterior mandibular augmentation. Local anesthesia
was achieved with 2% lidocaine 1:100,000 epi via inferior alveolar nerve block at
the donor site and local infiltration at the surgical site. An incision at the donor site
was performed on the buccal aspect of the ridge with a mesial release. A full-
thickness flap is created to expose the mandibular body/ramus. A marking pen
was utilized to mark the intended block size. A fissure surgical bur is used to make
the superior cut along the external oblique and continued to create the anterior cut.
The posterior and inferior cuts are scored with the bur without going to depth to
avoid damage to the inferior alveolar nerve. A set of osteotomes are used to com-
plete the cuts. A curved osteotome and mallet are used via the superior cut to
complete the separation of the graft from the body of the mandible. The donor site
was irrigated, and gingiva was closed with 4-0 chromic gut sutures. At the
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Fig. 9.3 (a) Atrophic mandible with multiple traumatic bone cysts. (b) Platelet-rich fibrin layer
being removed from the tube to be mixed with the graft material. (¢) “Sticky bone” consisting of
the allograft and PRF. (d) Sticky bone placed at the surgical site in the desired morphology. (e)
5 months postoperative CBCT
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Fig. 9.4 (a) Ramus block grafts secured in place with titanium screws. (b) Three platelet-rich
fibrin membranes covering the block grafts to aid in soft tissue healing

recipient site, a #15 blade was used to make an incision from canine to canine on
the mandible with two vertical releasing incision with care to avoid damage to the
mental nerve. A full-thickness flap was raised, and the block grafts were adapted
and secured with titanium screws. Bone particulate was placed into defective
areas. Perforation holes were drilled through the block grafts to encourage vascu-
larization (Fig. 9.4a). 30 cc of the patient’s blood was drawn and placed in the
centrifuge for 12 min at 2500 rpms. Three PRF membranes were created and
placed over the block grafts (Fig. 9.4b). The gingival flap was reapproximated and
secured with 4-0 chromic gut sutures.

Case 5

A 6l1-year-old male presented following extraction of #9 by outside provider
3 months prior. The patient was interested in dental implant options. Due to the buc-
cal defect, decision was made to undergo bone grafting augmentation. Local anes-
thesia was achieved with 4% Septocaine via local infiltration. A #15 blade was used
to make an envelope incision with a distal release, and a full-thickness flap was
raised exposing the defect (Fig. 9.5a). Particulate allograft was placed in the defec-
tive socket (Fig. 9.5b). A resorbable collagen membrane was placed over the bone
particulate (Fig. 9.5¢). 20 cc of the patient’s blood was drawn and placed in the
centrifuge for 12 min at 2500 rpms. Two PRF membranes were created and placed
over the collagen membrane (Fig. 9.5d). The collagen membrane was used to add
more support to the overlying PRF membranes. The PRF membranes were secured
with 4-0 chromic gut sutures (Fig. 9.5¢). The gingival flap was reapproximated and
secured with 4-0 chromic gut sutures. Figure 9.5f demonstrates the 5-month postop-
erative CBCT showing good bone formation. At 6 months the patient underwent
dental implant placement with good positioning noted in the periapical film in
Fig. 9.5g.
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Fig. 9.5 (a) Exposure of the defect at previously extracted tooth #9. (b) Bone particulate placed
in defect. (¢) Collagen membrane placed over graft material. (d) Platelet-rich fibrin membranes
placed over collagen membrane to aid in tissue healing. () Chromic gut suturing in netting fashion
to retain membranes in place. (f) 5 month postoperative CBCT showing good bone remodeling in
previous defect. (g) Periapical film after dental implant placement
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Risks of Complications Among Types of Grafts

As with any drug or procedure in medicine or surgery, PRP use carries with it a risk
of complications, albeit a low risk. The reason that PRP may produce very few
complications is primarily because it is donated from the same patient to whom it is
being administered (i.e., autologous graft) [1]. Conversely, cells and intercellular
matrix that are not from oneself, such as from other humans (i.e., allogenic graft) or
animals (i.e., xenogenic graft), carry with them foreign DNA unique to each donor.
Consequently, this foreign DNA may be flagged by a recipient’s immune system
leading to various types of inflammatory responses. The end results of such detec-
tion are the activation of an inflammatory response leading to potential destruction
of the transplanted graft and possibly also the recipients own tissues. To combat
these inflammatory sequela, allogenic or xenogenic grafts can undergo treatment to
destroy living cells leaving just the inert bony matrix behind [2]. If live allogenic
cells must be transplanted, such as with stem cell transplants, the recipient is often
given immunosuppressing medications to blunt their own immune response and
decrease the risk of graft rejection. However, autologous PRP avoids these risks and
thus at low risk of immune rejection and subsequent tissue damage. Nonetheless,
despite the overwhelmingly benign nature of PRP, there exists a rather small cohort
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of complications reported in the literature, which will be explored throughout this
chapter.

As a point of clarification, when evaluating complications associated with PRP,
it is important to attempt to separate the complications expected from the procedure
itself (e.g., needle injection or incision) from those directly arising from
PRP. Overwhelmingly, there is limited mention of complications related to PRP in
the literature suggesting that it remains an area in need of additional research or
attention to confirm its safety. By reviewing PRP complications throughout surgery
and medicine, we can create a spectrum of adverse events, weigh the pros against
the cons, and make well-informed clinical decisions with our patients.

PRP and Associated Complications

The number of studies reporting complications with PRP use is low. For example, a
2009 systematic review of 20 randomized control trials (RCT) of PRP use found
only 6 reports of treatment-related adverse events, with just 2 of those studies iden-
tifying the type of adverse event [3]. Of these studies which did reported complica-
tions, the adverse outcomes were merely associated with PRP use, but there was not
proof of actual causality. Nevertheless, the literature does describe various adverse
events and special considerations that are worth mentioning, especially for provid-
ers using PRP to treat patients (see Table 10.1).

Complications Associated with Topical PRP Use

Topically applied PRP-like substances used for wound healing has been associated
with few adverse events. One study compared the use of platelet gel, which is pre-
pared from fresh autologous platelets and is similar to PRP, against saline for treat-
ing chronic venous leg ulcers [4]. The study reported two cases of dermatitis from
the platelet gel group and two from the control group, suggesting comparable com-
plications in the PRP and non-PRP groups. Additionally, the platelet gel group also
reported a case of infection in an existing ulcer requiring a 10-day course of antibi-
otics. The platelet gel group also reported a case of thrombophlebitis associated
with blood draws. Given the small sample size of the study (i.e., eight patients in the
platelet gel group and seven in the control group), this single infection represents
only weak evidence of an increased infection risk with platelet gels. However, it
does advocate for vigilant observation for infection at the site of application of PRP-
like products, and future research may attempt to elucidate if a relationship exists
between topical PRP use and the risk of infection.

Complications Associated with Combining PRP with Surgery

A few studies have reported on the use of combining PRP with a surgical procedure.
In select cases, PRP was found to increased surgical complication rates. For
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Table 10.1 Complications associated with PRP and special considerations for use

Complications occurring more frequently in patients treated with PRP

Acromioclavicular osteoarthritis [6]

Hematoma [6]

Infection [4-7]

Nausea and dizziness [13]

Pain [6, 15-20]

Swelling [16-20]

Exanthematous itchy skin lesion [6]

Achilles tendon repair re-rupture [5]

Rotator cuff repair failure [6]

Shoulder stiffness [6]

Thrombophlebitis [4]

Complications occurring with equal frequently in patients treated with PRP

Leg compartment syndrome [7]

Post-dental extraction pain [8]

Intraoral swelling [8]

Trismus [8]

Oral infection [8]

Complications occurring less frequently in patients treated with PRP

Alveolar osteitis (aka dry socket) [10, 11]

Post-dental extraction pain [10, 11]

Blood urea nitrogen (BUN) levels [12]

Special considerations

Immunocompromised patients may not respond to PRP as well as immunocompetent patients
[22,23]

Use caution when harvesting autologous PRP from patients who have low hemoglobin levels
[24]

Autogenous PRP is safer than allogeneic PRP for avoiding infectious disease transmission [21,
25, 26]

Bovine thrombin as an activator for PRP has been reported to cause immune-related factor V.
deficiency [27, 28]

Avoid PRP use near precancerous or cancerous lesions [21, 29]

Avoiding nonsteroidal anti-inflammatory drugs (NSAIDS) within 48 h to 1 week [21]

PRP may have dose-dependent effect on causing pain after injection into joints [18]

example, 1 study of 30 Achilles tendon repairs noted that 2 of the patients who were
also treated with PRP developed adverse events including one deep space infection
and one tendon re-rupture [5]. Further analysis was not pursued to determine if
these complications were statistically significant between the groups. As such, it is
unclear how much of a role PRP individually may play in such unfortunate out-
comes compared to the procedure itself. Another study comparing PRP injections
versus ropivacaine injections administered at the end of rotator cuff repair surgery
found that PRP patients were 1.3 times more likely to experience a local adverse
event compared to the ropivacaine group, but this was not statistically significant
[6]. The local adverse events for both groups included shoulder stiffness and persist-
ing or worsening pain, repair failure, infection, hematoma, acromioclavicular osteo-
arthritis, and an exanthematous itchy skin lesion. Similarly, another study reported
superficial infections in 45% of injection group versus 30% of the control group,
which was not statistically significant and was ultimately treated with oral antibiot-
ics [7]. Given the lack of statistical significance, additional studies are needed to
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validate these claims that PRP is solely responsible for the aforementioned
complications.

Furthermore, some surgical studies using PRP show no differences between the
PRP and non-PRP groups. For example, a study of bilateral lower limb lengthening
via tibia distraction with injections of bone marrow aspirate combined with PRP
versus no injection found equal complication rates with one case of compartment
syndrome per group [7]. Similarly, a prospective split-mouth study evaluating the
efficacy of PRP after third molar removal found no differences in post-op pain,
swelling, trismus, and infection compared to extractions sites that did not receive
PRP [8]. In addition, another study found that platelet-rich fibrin (PRF), a growth
factor similar to PRP, used with Bio-Oss® bone grafting material helps to promote
bone formation in the femoral bones of dogs compared to Bio-Oss® alone, with no
evidence of complications [9]. The comparable complication rates between PRP
and non-PRP groups suggest that PRP does not elevate the risk of many post-
surgical adverse events.

Lastly, some studies have also described decreased complications with PRP use
including less pain and lower alveolar osteitis (aka dry socket) rates after tooth
extraction when PRP was administered [10, 11]. PRP use has even been associated
with a statistically significant reduction in blood urea nitrogen (BUN) levels com-
pared to non-PRP groups [12]. Although these outcomes support the safety of PRP,
the mechanisms leading to these results are unclear and call for future research for
further elucidation.

Complications Associated with the Isolated Injection of PRP

A few studies have also focused on the complications associated with isolated PRP
injections that are not associated with a surgical procedure. One study of providers
injecting PRP into the knees of patients with osteoarthritis reported transient epi-
sodes of mild nausea and dizziness [13]. However, the physiologic explanation of
such a response to PRP is unclear, and the authors of this chapter suggest these
complications may be more likely from the blood draw or the painful stimulation of
injecting into a joint. Conversely, other studies involving the intra-articular PRP
have found no difference between the exposure and control groups. For example, a
another study of 23 patients with patellar tendinopathy who were treated with either
dry needling or injection of leukocyte-rich PRP found no differences in the compli-
cation rates [14]. The presence of weak or no evidence for PRP complications sup-
ports an overall high safety profile.

However, one of the most common side effects of injecting PRP is pain. One
study compared PRP, glucocorticoids, and saline injections for 60 cases of lateral
epicondylitis and found that 4 of the PRP patients had persistent pain days after
injection [15]. Another study injected PRP into the knees of 60 patients with unilat-
eral osteoarthritis and followed up 3 months later with serum Coll2-1 ELISA and
found that PRP decreased collagen degradation products in the blood with few to no
complications [16]. They noted mild knee pain and swelling, which they explained
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may be a result of mild inflammation from the PRP injection and subsequent disten-
sion of the synovial fluid by PRP fluid. Similarly, pain and swelling were also
observed in other studies [17-20] following intra-articular PRP injections but with
no other significant adverse events reported. Unfortunately, it is difficult to ascertain
from these studies how much of the post-injection pain was attributable to the
mechanical trauma of injecting a needle and fluid into a joint compared to the chem-
ical or biologic properties PRP itself. Interestingly, the pain from PRP injection may
be related to platelet concentration and dose dependent [18]. However, some physi-
cians have argued that mitigating this post-injection pain with NSAIDS may be
counterproductive as it can cause platelet inhibition [21]. For this reason, some cli-
nicians advise avoiding NSAIDS within 48 h to 1 week of PRP injection [21].

Special Considerations

There are also unique scenarios when PRP use should be cautiously undertaken or
even avoided.

Immunocompromised Patients

The unique therapeutic effect of PRP is related to the immune response that it trig-
gers [22]. One study found that an inflammatory response to PRP was necessary to
promote Achilles tendon repair in rats. In fact, pure PRP alone without inflamma-
tion was not effective at promoting tendon repair. These findings suggest that a
patient’s own immune system function or interindividual variability [23] may
influence PRP effect and predict potential complications. For example, immuno-
compromised hosts or diabetics prone to poor wound healing may have decreased
response to PRP therapy, which may affect the complications experienced. As a
result, PRP is unlikely to be harmful in such cases but may have less effect or
benefit.

Anemia

A potential relative contraindication to harvesting autologous PRP is a low hemo-
globin level. Patients who are anemic or have low hemoglobin levels are inherently
more sensitive to bloodletting of any amount so caution should be taken to avoid
precipitating hemodynamic consequences resulting from the blood draw itself
required to extract the PRP. Blood draws for PRP range between 20 and 60 ml [24],
which is unlikely to worsen anemia in most cases but can in rare instances depend-
ing on one’s blood volume and hemoglobin levels. A notable alternative at-risk
patients may be allogeneic PRP, which unfortunately carries more potential risk of
infection or immune rejection since it is donated from other patients [23].
Alternatively, if a procedure is elective and PRP is required, a provider may elect to
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optimize the hemoglobin levels in a patient before attempting the procedure at a
later date.

Infection Transmission

The inherent, although low, risk of disease transmission from allografts and xeno-
grafts has led some clinicians to pursue the even safer option of autografts [25]. A
study from 2013 found no publications reporting on the risk PRP uniquely poses for
infections, disease transmission (such as HIV, hepatitis, or Creutzfeldt-Jakob dis-
ease), immunogenic reactions, or any other adverse effects [26]. Similarly, an analy-
sis of in vivo PRP studies from 1994 to 2019 found that PRP has a negligible risk of
allergic reaction or transmission of blood borne microorganisms because of its
autologous origin [21]. Therefore, the use of autologous PRP carries very little risk
of infectious disease transmission and is naturally safer than allografts or xenografts.

Coagulopathy

Coagulopathy has also been associated with certain blood products. For example,
there are reports of acquired immune-related factor V deficiency following topical
application of bovine thrombin [27]. Interestingly, thrombin or calcium is often
added to PRP to promote platelet degranulation and release of growth factors [28].
However, given the concern that topical bovine thrombin can rarely cause immune-
related factor V deficiency, it may be best to allow PRP to naturally activate or to
augment activation with calcium to avoid this risk completely. Currently, no evi-
dence exists suggesting that pure autogenous PRP without additional activators
causes any form of coagulopathy and thus may be the preferred protocol at this time
to mitigate risk.

Precancerous and Cancerous Lesions

Some believe that PRP administration should be avoided in areas near malignant or
dysplastic tissues because of the dense granules of growth factors potentially feed-
ing carcinogenesis [21]. For the same reason, the intraoral application of PRP
should be cautioned in patients with precancerous oral conditions and in areas of
precancerous change such as oral leukoplakia, erythroplasia or solar cheilitis, and
epithelial dysplasia [29]. Some studies also suggest avoiding PRP in any patient
with a history of exposure to carcinogens (e.g., smokers, alcohol drinkers) or pri-
mary oral squamous cell carcinoma [29]. Despite the concern for PRP fueling a
malignancy, others downplay these risks since PRP growth factors degrade in
7-10 days and cancer cells generally need more sustained growth factor exposure to
thrive [26]. Overall, the literature is consistent in its recommendation to use PRP
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with caution in any anatomic locations concerning for premalignant or malignant
processes.

Summary

Following a review of the current literature, PRP therapy results in very few compli-
cations overall. In fact, a lack of statistically significant differences between the
complication rates of control and PRP groups in many studies suggests an overall
acceptable safety profile comparable to non-PRP treatment options.

PRP is most often autologously derived and thus lacks foreign DNA that can
incite immune responses seen with allogeneic or xenogeneic tissue grafts. However,
the concentration of growth factors makes PRP risky in certain situations, like pre-
cancerous and cancerous tissues. Thus, a concerted effort to use PRP in appropriate
candidates is required to minimize potential harm to patients.

As the field of medicine and surgery continue to report on the use of PRP, we
hope that greater attention will be paid to looking for and acknowledging any com-
plications that arise. Ultimately, such information will create a better understanding
of the pathophysiology underlying PRP complications and can inform safe use
practices to keep our patients healthy.
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