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The use of platelet rich plasma (PRP) has been has become extremely popular in orthopaedic
practice. The goal of PRP treatment is to concentrate growth factors present in the platelets
and reintroduce them at the site of injury augmenting the natural healing process. The most
common application of PRP is the treatment of tendon injuries. Other current applications
| include muscle strains and cartilage repair. Most reports over the use of PRP in in-vitro models
| have been particularly promising. However clinical applications are more controversial. This is
[ the consequence of the lack of well-performed randomized controlled trials (RCT) and general
[ confusion conceming the manufacturing process of PRP. Up to date there is still no consensus
| regarding the optimal platelet concentration, the platelet separation technique, the volume of

s concentrate, number of applications, and inclusion of leukocytes. Since these aspects are
' . fundamental to achieve optimal PRP action, further research is needed to adopt standardized
|

protocols and to prove the real efficacy of PRP.
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lntroduction attention has necessitated the role of research to explore the
capability of PRP 1o have a therapeutic effect on common

AULO]OgOUS blood concentrates, such as platelet-rich musculoskeletal injuries in orthopaedic sports medicine.
| plasma (PRP), have gained increasing attention in ortho- Platelets are a crucial component of the body's natural
pacdic sports medicine. This increase is in part due to the response to injury and play a critical role in hemostasis. When
growing attention these products have received in the media. activated, platelets release growth factors that enhance the
Asaresult of this increased attention, it has been estimated that healing process.”> Marx reported that active secretion of these
the market for PRP will grow from $45 million in 2009 t0 more growth factors begins within 10 minutes of clotting with more
than $120 million by 2016." This exponential growth and than 95% of preS;mhesized growth factors being secreted
within 1 hour.” The growth factors found in platelets include
transforming growth factor-beta, fibroblast growth factor-2.
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models, which have reported positive effects of PRP on
heahng.s’g‘g These studies, however, included healthy tendons
or acute traumatic lesions, which are different pathologic
entities than degenerative conditions commonly encountered
in orthopaedic practice. Owing to the positive results of these
earlier studies, the use of PRP has been advocated in the
management of bone, muscle, tendon, and cartilage
injury.”'!" Initial results in uncontrolled studies wete prom-
ising and reported benefits such as decrease in pain levels,
improvement in healing, and improvement in function for
several conditions. ' However, further studies have reported
less favorable results.'”'® A recent meta-analysis concluded
that the use of PRP provided no significant benefit up to 24
months.'” The wide discrepancy in the efficacy of PRP is likely
the consequence of poor standardization. Variability in plasma
preparations as a result of differences in patients, as well as
methods of procurement; the broad range of diseases, disor-
ders, and conditions included; and varying methods of
outcome measures, has resulted in substantial heterogeneity
among current clinical research regarding PRP.

Platelets Concentration

A sample of blood will normally contain 93% red blood
cells, 6% platelets, and 1% white blood cells with an average
platelet concentration of 200,000 per ul (normal range
150,000-350,000 per ul)."*!'” In PRP, the ratio of red blood
cells to platelets is reversed, thereby increasing factors that
would be more useful in healing. The exact ratio of red and
white blood cells to platelets in PRP is variable depending on
the way in which the PRP is prepared. From a quantitative
perspective, PRP is broadly defined as a sample of autologous
plasma with platelet concentrations above baseline blood
values.”'® In an attempt to make preparations more specific,
some authors have adopted a more objective definition of
5 times the platelet concentration of whole blood,* that is,
1,000,000 per uL platelet count.”'

Mazzucco reported that a concentration greater than 200 x
107/l was sufficient for a therapeutic effect””; platelet con-
centrations of approximately 2.5 times greater than native
blood (142.7 = 579 x IO'X/LLL) have positive effects on
osteoblasts and fibroblasts in vitro.2? Conversely, adverse
events have been observed at higher dosages (> 3.5 tmes
platelet concentration of native blood).** According to these
results, different concentrations of PRP may produce varying
effects.

Separation and Activation

PRP may be prepared in the laboratory, operating room,
outpatient sports medicine clinic, or radiology setting using a
centrifuge. The first step is 10 add an anticoagulant, such as
citrate, to the autologous whole blood. The centrifuge separates
whole blood into 3 layers based on sedimentation rates: red
blood cells (RBCs) (specific gravity = 1.09) in the bottom
layer, platelet-poor plasma (PPP) (specific gravity = 1.03) in
the top layer, and platelet concentrate that contains white

blood cells (PRP) (specific gravity == 1.06) in the middle
layer.

There are several types of centrifuge methods for the
preparation of PRP: the gravitational platelet sequestration
techriique that requires only a tabletop centrifuge system and
takes less than 30 minutes, the cell separator technique that
generally requires a [ull unit of whole blood, and smaller
compact office systemns.”***7 Centrifuge systems differ in their
ability to separate RBCs from platelets, their ability to separate
leukocytes from platelets, and the fact that some may shear
platelets during the centrifugation process leading to prema-
ture platelet activation and degranulation.*® Once the PRP has
been prepared, platelets must be activated to release growth
factors. This can be achieved in several ways. One option is to
add bovine thrombin to the PRP, which releases 70% of stored
growth factors within 10 minutes and nearly 100% within
1 hour.?” A second option is to use calcium chloride to convert
autologous thrombin to prothrombin resulting in platelets
being trapped in a fibrin matrix. As a small amount of
thrombin is formed, growth factors are gradually released over
7 days. An additional option is to use type-I collagen to activate
PRP. In common practice, bleeding during local infusion of
PRP provides sufficient clotting factor, thrombin, to activate
platelets.

Furthermore, there are several different methods of PRP
application: direct application, single or multiple injections,
and delivery in a gel or collagen sponge. A recent study
compared the efficacy of different PRP separation methods
available on the market, and evaluated the concentrations of
platelets, red blood cells, white blood cells, and growth
factors.*® This study measured 3 repetitive blood draws for
PRP components. Their results showed that the content and
concentration of platelets, white blood cells, and growth factors
within the 3 methods of separation diftered significantly,
however, all techniques resulted in a significant increase in
platelet concentration compared with native blood. An addi-
tional finding showed that intraindividual results demon-
strated wide variations in platelet and cell concentrations as
well as levels of growth factors regardless of separation
method.*® The 3 groups of PRP separation methods were then
evaluated on different cells cultures: osteoblasts, tenocytes, and
myocytes.”” Interestingly, the differing characteristics of the
3 PRP samples had specific effects on difterent cells, suggesting
that the application of unique PRP separations may result in
variable effects on the clinically relevant target cells in vitro.
This is relevant to clinical application as 4 different types of
platelet concentrate may be obtained: leukocyte-poor or pure
PRP, leukocyte-rich PRP, pure platelet-tich fbrin clot, and
leukocyte platelet-rich fibrin clot.*

The variable amounts of white blood cells in PRP preparations
have been discussed in the past and some authors recommend
avoiding tissue exposure to white blood cells as they promote an

mflammatory reaction leading to mhibitory effects on tissue
11.2630,31

healing, Other investigators have reported the benefi-

cial effects of increased antibacterial and immunologic resist-
2632 4 v . :

ance,” ™ as well as an increase in growth factor release.

Platelet concentration levels and composition are influenced
by manufacturing and production factors, which include
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centrifugation force and duration. Different production meth-
ods in regard to achieving a desired concentration and mix of
PRP components can assent varying hiological effects, and
therefore several potential applications. In a recent study, the
ant-inflammatory role of PRP has been compared with that of
ketorolac and  methylprednisolone. ™ PRP and  ketorolac
reduced cellular inflammation markers (E-selectin, vascular
cell adhesion molecule, and human leukocyte antigen DR)
compared with controls; however, the most relevant effect was
achieved with methylprednisolone.

PRP and Cartilage

The incidence of cartilage pathology is rising as a consequence
of wide participation in sports activities among the young and
middle-aged populations *>*" The treatment of this wide
spectrum  of cartilage pathologies is a great challenge for
researchers and clinicians as hyaline cartilage has a limited
healing potential. This is mainly because of poor blood supply
and its inability to regenerate its native microscopic and
histologic structure following injury. Several studies have
demnonstrated the efficacy of PRP on cantilage defects and
osteoarthritis. Sun, using a rabbit model of osteochondral
defects, found improved healing as assessed by macroscopic
examination, microcomputed tomography, and histologic
evaluation at 4 and 12 weeks.”’ Saito et al*® reported similar
data in a rabbit mode! of osteoarthritis. Kwon et al* in a similar
rabbit model found that PRP effect was independent from the
severity of collagenase-induced knee ostecarthritis. Milano
et al™ compared the effects of microfracture with PRP gel o
PRP injection in an ovine model. They found the PRP gel to be
more effective than a PRP injection. Kon et al™ in an ovine
model compared PRP and scaffold-alone in the treatment of.
osteochondral defects. They concluded that PRP had a negative
effect on repair when compared with scaffold-alone.
Concerning the clinical application of PRP in the treatment
of cartilage defects or osteoarthritis, Sampson et al** performed
aprospective study on 14 patients with primary and secondary
knee osteoarthritis. All patients received 3 PRP injections in
the affected knee at 4-week intervals. A significant improve-
ment in knee injury and osteoarthritis outcome  scores,
including pain and symptom reliefl was achieved. In a similar
study, Kon et al** evaluated 100 patients (115 knees) treated
with PRP. The study demonstrated that PRP treatment is
safe, reduces pain, and improves knee function, especially in
younger patients. However, at the 24-month follow-up,
outcomes worsened from 67% to 59% of normal or nearly
ormal knees between the 12- and 24-month evaluations.
Further evidence of PRP's clinical effect was shown by Wang-
Saegusa et al™ who performed a prospective study on 261
Patients with unilateral or bilateral knee osteoarthritis (OA),
Symptomatic for more than 3 months. All patients received
3 Injections 2 weeks apart. At 6 months, statistical analysis
fevealed significant improvement in all the scores used in the
Study. Napolitano et al™” also evaluated the treatment of 27
Patients, either affected by simple chondropathy or initial OA,
with 3 injections of 5 ml PRP performed 1 week apart from

cach other. At 6 months follow-up, significant improvement
was obscrved in subjective scores. Of equal importance, no
adverse events were observed.

Other studies have compared the results of PRP injections
with those of hyaluronic acid (HA). Spakova et al™ compared
the efficacy of PRP vs viscosupplementation on 120 patients.
At 3 and 6 months follow-up, Western Ontario and McMaster
Universities Osteoarthritis Index scores and a pain numeric
rating scale revealed an increase in both groups. However,
statistically superior results were observed in the PRP group.
Filardo et al*” also evaluated PRP vs viscosupplementation in
109 patients (55 treated with HA and 54 with PRP) at 12
months of follow-up. They found that for middle-aged patients
with moderate signs of OA, PRP did not offer better resulis
compared with HA. Nonetheless, more promising results were
shown in less severe stages of OA In conclusion, PRP
represents a promising option for clinically treating patients
with cartilage pathology. However standardized preparation
and usage protocols are required for future studies 1o obtain
statistically significant outcomes.

PRP and Tendon Healing

Common musculoskeletal injuries account for nearly 100
million office visits annually in primary care and orthopaedic
clinic settings in the United States.'” Soft tissue injuries that
include damage to ligaments or tendons represent up to 45%
of all musculoskeletal injuries.

Chronic and degenerative musculotendinous pathologies
can be challenging to treat and can have a protracted course
compromising an otherwise active lifestyle. Many of these
patients with sports or overuse-related injuries might require
surgical intervention and extended rehabilitation, yet have
unclear outcomes. Tendons and ligaments heal more slowly
than most tissues due to their poor vascular supply. This
results in new tendon tissue that does not always have the same
structural and functional properties as the original tendon or
ligament.™ One possible explanation is that the poor blood
supply results in a lack of adequate growth factors being
delivered to the site of injury.”! PRP injections may represent a
quick and effective allernative to historical treatment
approaches. Anitua et al™ suggested that platelet-rich clots
might be beneficial in the treatment of tendon injuries by
inducing cell proliferation and promoting the synthesis of
angiogenic factors during the healing process, therefore
promoting better quality scar tissue when examined histolog-
ically.”” This hypothesis has been confirmed by in vitro
studies. de Mos et al” demonstrated that both platelet-rich clot
releasate and platelet-poor clot releasate stimulated cell pro-
liferation and total collagen production in human tenocyte
cultures. Despite that clinical repons and studies on animal
models are much more controversial, there have been some
promising results of PRP therapy on tendon repair. In a rabbi
patellar tendon defect model, a single application of PRP was
found o improve tendon defect healing related o over-
expression of insulinlike growth factor-1.”

Inarecent case-control study comparing open suture repair
with and without an application of a preparation rich in growth
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factors for Achilles tendon tear in athletes, athletes receiving
preparation rich in growth factors recovered their range of
motion earlier, showed no wound complication, and took less
time to resume gentle running and training activities
Similarly, Lyras et al”” found a significant improvement in
the mechanical properties of the regenerated tendon in the
PRP-treated group at 14 days, returning to baseline at 28 days,
concluding that PRP has a strong effect in the early phases of
tendon healing. On the contrary, a randomized controlled trial
of 30 patents with surgical repair of the Achilles tendon
reported no additional benefit of PRP over standard treat-
ment. ™ In another randomized controlled trial of patients with
chronic Achilles tendinopathy, a PRP injection was no better in
improving pain and activity compared with saline injection.””
de Vos et al'” reported similar results. They showed that PRP
had no statstically significant benefit in clinical scoring
outcome or ultrasound findings in chronic Achilles tendinop-
athy at 24-weeks and 1-year follow-up.™ However one should
consider that saline injection might not be the best placebo
because it likely has an active role in tendinopathy recovery.
Injecting saline into the tendon alters the pressure-volume
relationship in a given space, thereby disrupting pathologic
vascular and neural ingrowth.” Additionally, injection-related
needle trauma produces local bleeding, which is a known
irritant and recruiter of platelets in both groups.

Lateral Epicondylosis

Lateral epicondylosis is commonly referred to patients and
physicians as “lennis elbow.” It is the most common cause of
elbow pain in adult athletes, occurring in more than 50% of
tennis players.™ It is characterized by repetitive microtrauma-
tisms that cause mucoid degeneration of the common extensor
tendon where it attaches to the lateral epicondyle of the
humerus. This results in pain, weakness, and activity limita-
tion, and therefore treatment of lateral epicondylosis is of great
interest to clinicians and patients alike. Mishra and Pavelko®' in
a small group of patients affected by chronic elbow tendinosis,
showed that subjects receiving PRP in a single injection session
had an 81% improvement in pain scores at 6 months and up to
93% at 25 months compared with their baseline status;
however, the large loss of subjects in a control group limited
the strength of study conclusions.

Similarly, a recent large trial on 100 subjects compared PRP
with corticosteroid injections. A statistically and clinically
sigruficant difference in disease-specific quality of life measured
through pain scores emerged in favor of the PRP group ©*
Interestingly, the PRP group progressively improved at 1 year
compared with the steroid group, which declined after an
initial short-term improvement, suggesting that progressive
healing may be responsible for clinical improvement in the PRP
subijects. Gosens et al®’ reported similar results, which showed
by 2 years FU, PRP injection improved healing as compared
with corticosteroids njection. Moreover, another interesting
study demonstrated that a single PRP injection improved pain
and function scores in 29 patients who failed to improve with
6 months of corticosteroid treatment

Ligament Injuries

PRP has also been explored in antenor cruciate ligament (ACL)
reconstruction. The ability of PRP to enhance graft healing into
the bone tunnels and the possibility of reducing donor site
morbidity have each been tested. Two randomized controlled
trials showed no statistically significant difference in bone
filling of the tunnels made for ACL reconstructions as
visualized on magnetic resonance imaging, though one of
these found an improvement in the clinical score.'*® Another
randomized controlled trial of 108 patients showed that PRP
had an enhancing effect on the maturation of the graft as
visualized by magnetic resonance imaging at 6 months.®

Similiarly, another study demonstrated that locally applied
platelet gel enhanced early revascularization of the graft at the
interface after ACL reconstruction,”” leading to better ante-
roposterior knee stability at 6 months.*

Muscle Injuries

Acute muscle injuries (strains) are common, especially among
elite athletes. The most common localization is the thigh,
which accounted for 16% of all muscle injuries as reported
by the survey of the International Association of Athletics
Federation.™

The major concermn after muscle strains is the risk of reinjury.
This is an especially common occurrence after hamstring
injuries, where there is a 30% reinjury rate within 1 year of
initial damage.”” Thus, recognizing the severity of the lesion
according to its size and location is essential to improve healing
and decrease the risk of reinjury. Muscle healing is an intricate
and dynamic process aimed at restoration of anatomical
continuity and function of the injured muscle.”" Local delivery
of PRP has heen found to shorten the recovery time after a
muscle strain injury in a small animal model.”*

Similar data were found after creating a tibialis anterior
muscle defect in rats. PRP injections led to a quicker time 1o
recovery than in platelet-poor plasma or sham-treated
animals.”

Similarly, PRP treatirient results in athletes are encouraging.
Cugat et al”’ conducted a cohort study of 14 professional
athletes with acute muscle injuries who were treated with
ultrasound-guided injections of PRP. The patients showed a
quick return to play and enhanced healing in tears assessed
with ultrasound analysis. Similarly, Sanchez et al”™ reported a
recovery time that was twice as fast as expected in 20 athletes.
However, some researchers have suggested that PRP nay
actually lead to unwanted fibrotic healing in muscle.”

Conclusion

PRP injections have emerged in recent years as an increasingly
commen treatment in orthopaedic practice albeit through
growing media attention. They are now used in the treatment
of several pathologies varying from chronic tendinopathies.
including lateral epicondylosis (tentus elbow), plantar fasciitis,
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Achilles tendinopathy, and patellar tendinopathy. o acute
injuries including lgament and muscle strains.

Cuarrent literature demonstrates that use of PRP in animal
and n vitro studies has a positive effect on healing. ™ However,
some concerns still exist about its reliability and efficacy in
clinical practice. A recent meta-analysis stressed the uncertainty
about the evidence regarding a clinical benefit of the use of
autologous blood concentrates, such as PRP, for a variety of
disorders in orthopaedics.'” Fifteen randomized controlled
trials and 5 prospective cohort studies were analyzed; they all
showed no clinical benefit with PRP. Similar results were
reported in 2 other meta-analyses. ™" These results might be
the consequence of several issues. Human in vitro and animal
studies are generally performed on healthy tendon and acute
traumatic lesions, whereas most clinical studies generally refer
to degenerative tissue diseases that have different histologic
properties. Additionally, there is a lack of consensus regarding
the optimal platelet concentration, the platelet separation
technique (including the use of activating agents), the volume
of concentrate, number of applications, and inclusion of
leukocytes. This is particularly imponant considering most
commercial preparations of PRP vary in terms of growth
factors, activation, and platelet concentration. Nevertheless, the
PRP is generally a safe, easily obtained, and relatively simple
treatment. The short processing time, availability of multiple
growth factors at a relatively inexpensive cost, as compared
with obtaining individual growth factors or even stem cells,
make PRP an appealing alternative 1o traditional treatment
methods. Further research is needed to distinguish whether
clinical efficacy truly exists for PRP treatments.

References
1. GlobalData. Platelet rich plasma: A market snapshot. www.docstoc.cony
docs/47503668/Platelet-Rich-Plasma-A-Market-Snapshot. Accessed Sep-
tember 16, 2010
2. Woodell-May JE, Pietrzak WS: Platelet-rich plasma in orthopedics. I
Pietrzak W5 (ed): Musculoskeletal Tissue Regeneration: Biological Materi-
als and Mcthods New York, NY: Springer-Verlag 547-568, 2008
3. Anitua E, Andia |, Ardanza B, et al: Auologous platelets as a source of
proteins lor healing and ussue regeneration. Thromb Hacmost 91:4- 15,
2004
4+ Marx R Platelet-rich plasma: Evidence 1o support its use. | Oral
Maxillofac Surg 62:489-406, 2004
5. de Mos M, van der Windt AE, Jabr H, et al: Can placcletrich plasma
enhance tendon repair® A ool culure study. Am ] Spons Med
36:1171-1178, 2008
6. Lyras DN, Kazakos K. Agrogiannis G. et al: Experimental study ol tendon
healing early phase: 18 1GF-1 expression mfluenced by platelet rich plsma
gel? Onthop Trawmaiol Surg Res 90381387, 2010
7. Foster TE, Puskas Bl Mandelbaum BR. et al: Platelet-rich plasmue From
hasic science 1o clinical applications. Am J Sponts Med 37:22%9-2272,
2009
8. Virchenko O, Aspenberg I How can one plaelet injection after tendon
inuny lead 1o a stronger tendon alter 4 weeks? Interplay between carly
regeneration and mechanical sumulaion. Acta Orthop 77:806-812, 2006
Y McCarrel T, Foruer L: Temporal growth factor release from platelet-rich
plasma, trehalose Ivophilized platelets, and bone marrow aspirate and
therr eflect on tendon and ligament gene expression | Orthop Res
27:1033- 1042, 2000
10 Pauly s Klatte F, Strobel ¢ et al: Characterization ol tendon cell cultures
ol the human rotator cuff. Fur Cell Mater 20:84-97, 2010

(AR

20.

21.

22.

28!

24

28,

29,

30

31

32

33

35.

Lopez-Vidriero E. Gouldag KA stmon DA, et alr The use of platclet-nich
plasia i arthroscopy and sports medicine: Optimizing the healing
environnient. Anthroscopy 26:260-278, 2010

Franchmi M. Dupplicato I, Ferro 1et al: Efficacy of platelet gel in
reconstructive bone surgery. Onhopedics 28:161-163, 2005

- Hee HT Mayd ME, Holt RT, et al: Do watologous growth factors enhance

ransforarmmal lumbar interbody fusion? Fur Spine § 12:400-407. 2003

- Sanchez ML Azofma . Anitua B et al: Plasma rich in growth factors 1o trear

ananicular canilage avulsion: A case report. Med St Sports Exere
35 16-48-1652, 2003

de Vos R], Weir A van Schie HIT. et al: Platelet-nich plasma injection for
chronic Achilles tendinopathy: A randomized controlled trial. J Am Med
Assoc 3030 144-149. 2010

N JR, Gasque GM. Azad rate AV, et al: Has platelet-rich plasma any role
nanterior cruciate hgament allograft healing? - Arthroscopy 25
1206-1213, 2000

Sheth UL Simumovie N, Klein Goer al: Elheacy of autologous platelet-rich
plasma use for orthopacdic indications: A meta-analysis. ] Bone Joint Surg,
Am 9+4:298-307, 2012

Wroblewsla AP, Melia HJ, Wright V]: Application of platelet-rich plasmia
1o enhance tissue repair. Oper Tech Orthop 20:98-105. 2010

- Marx RE, Garg AKD: Dental and Craniofacial Applications of Platelet-Rich

Plasia 2005; Chicago, IL; London: Quintessenice Pub. Co, [ix]:154
Marx RE, Carlson ER, Eichstaedt RM, et al: Platelet-rich plasma: Growth
factor enhancement for bone grafts. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 85:638-646, 1998

Marx RE: Platelet-nich plasma (PRP): What is PRP and what is not PRP?
Implant Dent 10:225-228, 2001

Weibrich G, Kleis WK, Hafner G, et al: Growth factor levels in platelet-rich
plasma and cormrelations with donor age, sex, and platelet count,

J Craniomaxillofac Surg 30:97-102, 2002

Mazzuceo L, Balbo V. Cattana E, et al: Not every PRP-gel is bom equal.
Evaluation of growth factor availability for tissues through four PRP-gel
preparations: Fibrinet, RegenPRP-Kit, Plateltex and one manual proce-
dure. Vox Sang 97:110-118, 2009

Graziani F, Ivanovski S, Cei S, el al: The in vitro effect of different PRP
concentrations on osteoblasts and fibroblasts. Clin Oral Implanis Res
17:212-219, 2006

. Smith SE, Roukis TS: Bone and wound healing augmentation with

platelet-rich plasma. Clin Podiatr Med Surg 26:559-588, 2009

. Dohan Ehrenfest DM, Rasmusson L, Albrekisson T: Classilication of

platelet concentrates: From pure platelet-rich plasma (P-PRP) 1o leucocyte
and platelet-rich hbrin (L-PRF). Trends Biotechnol 27:158-167, 2009

- Benneut NT, Schultz GS: Growth factors and wound healing; Biochemical

properties of growth lactors and their receptors. Am ] Surg 165:728-737.
1993

Mazzocca AD. McCanhy MB. Chowaniee DM, et al: Platelet-rich plasma
diflers according 10 preparation method and human variability. ] Bone

Joint Surg Am 94:308-316, 2012

Mazzocca AD. McCarthy MB. Chowaniec DM, et al: The positive effects of
different platelet-rich plasma miethods on human muscle. bone, and
tendon cells. A | Sports Med 40:1742-1749 2012

Tidball JG: Inflammatory cell response 1o acute muscle injury. Med Sci
Sports Exerc 27:1022-1032, 1995

Zimmermann R. Reske S Metzler P, et al Preparation ol highly
concentrated and  white cell-poor platelet-rich plasma by platelet-
pheresis. Vox Sang 95:20-25, 2008

Moojen DJ, Events PA. Schure RM, et al: Antimicrobial activaty of platelet-
leukocyte gel against Staphylococcus aureus. | Onbop Res 26-404-4 10, 2008
Zimmermann R Jakubietz R. Jakubictz M. et all Translusion. Different
preparation methods to obtain platelet components as a source of growth
factows lor local apphication. Transfusion 41:1217-1224. 2001

Mazzocca AD, McCanhy MB, Intravia |, et al: An m vitro evaluation ol the
anti-mflammaory eltects of platelet-rich plasima, ketorolac, and methyl-
prednisolore. Arthroscopy 29:675-683. 2013

Carl WAV, Krome ], Gordon ES, et al: Canilage injunies: A review of
31,516 knee anhroscopies. Arthroscopy 13:456-460, 1097



14

S. Cerciello et al

36.

38.

39

+0.

i

42.

43.

45.

47.

48

49.

it
o

Luyten FP, Denti M. Filardo G. et al: Definition and classification of carly
osteonrthritis of the knee. Knee Surg Sports Traunuol Anthrose
20401406, 2012

Sun Y. Feng Y, Zharg CQ, et al: The regenerative ellect of platelet-rich
plasma on healing in large osteochondral delects. Int Onthop 34:589-597
2010

Saito M, Takalwshi KA, Arai Y. et al: Intaarticular administraton of

platelet-rich plasma with biodegradable gelain hydrogel microspheres
prevents osteoarthritis progression in the rabbit knee. Clin Exp Rheumatol
27:201-207, 2009

Kwon DR, Park GY, Lee SU: The effects of intru-articular platelet-rich
plasmia injection according o the severity ol collagenase-induced knee
osteoarthritis in a rabbit model. Ann Rehabil Med 36:458-465, 2012
Milano G, Sunna Passino E, Deriu L, et al: The effect of platelet rich plasma
combined with microfractures on the treatment ol chondral defects: An
expertmental study in a sheep model. Osteoanthritis Cantilage 18:971-980,
2010

Kon E, Filardo G, Delcogliano M, et al: Platelet autologous growth faciors
decrease the  osteochondral regeneration capability of a collagen-
hydroxyapatite scatfold in a sheep model. BMC Musculoskelet Disord
11:220, 2010

Sampson S, Reed M, Silvers H, et al: Injection of platelet-rich plasma in
patients with primary and secondary knee osteoarthritis: A pilot study.
Am | Phys Med Rehabil 89:961-969, 2010

Kon E, Buda R, Filardo G, et al: Platelet-rich plasma: Intraarticular knee
injections produced favorable results on degenerative cartilage lesions.
Knee Surg Sports Traumatol Arthrosc 18:472-479, 2010

. Wang-Saegusa A, Cugat R, Ares O, et al: Infiltration of plasma rich in

growth factors for osteoarthritis of the knee short-term effects on function
and quality of life. Arch Orthop Trauma Surg 131:311-317, 2011
Napolitano M, Matera S, Bossio M, et al: Autologous platelet gel for tissue
regeneration in degenerative disorders of the knee. Blood Transfus
10:72-77, 2012

. Spakova T, Rosocha J, Lacko M, et al: Treatment of knee joint osteo-

arthritis with autologous  platelet-rich plasma in comparison with
hyaluronic acid. Am | Phys Med Rehabil 91:411-417, 2012

Filardo G, Kon E, Di Martino A, et al: Platelet-rich plasma vs hyaluronic
acid to treat knee degenerative pathology: Study design and preliminary
results of a randomized controlled trial. BMC Musculoskelet Disord
13:229, 2012

Banfi G, Corsi MM, Volpi P: Could platelet rich plasma have effects on
systemic circulating growth factors and cytokine release in onhopaedic
applications? Br } Sports Med 40:816, 2006

Praemer AF: Musculoskeletal Conditions in the United States, 2nd edition
Rosemont: American Academy of Orthopaedic Surgeons, 1999

50. Sampson S, Gerhardt M, Mandelbaum B: Platelet rich plasma injection

gralts for musculoskeletal injuries: A review. Curr Rev Musculoskelet Med
[:165-17+4, 2008

- Ramachandran M: Basic Onthopaedic Sciences: The Stmmore Guide.

2007 London: New York, Hodder Amold; Distribwted in the U.S by
Oxlord University Press, 304

CAnim B, Anda |, Sanchez M, et als Autologous preparations nch in

growth lactors promote proliferation and wduce VEGF and HGF
production by human endon cells in culture. | Outhop Res
23:281-286. 2003

Lyras DN, Kazakos K. Verettas D, et al: The influcnce of platelet rich
plasma on angiogenesis dunng the carly phase of tendon healing. toot
Ankle Int 311011106, 2009

- sanchez Mo Amitua £ Azofra | er al: Companson of surgically repaired

Achilles wendon rears using plaelet-ndh fibnn matrices, Am Sports Med
33:243-251, 207

Lyras PN, Kacakos K Verettas I etal The elfect of plaelet-nch Plasni
gel v the carly phase of patellar endon healing, Arch Orthop Trauma
Surg [29:1577-1582, 2000

6l.

62.

63.

64,

65.

67

69.

70.

71.

72.

~{
~t

Schepull T, Kvist |, Normuan H, ¢t al: Autologous platelets have no effect
on the healing of human achilles tendon ruptures: A randomized single.
blind stucy. Am J Sports Med 39:38-47, 2011

- Filardo G, Presti ML, Kon E, et al: Non operative biological treatmeny

approach lor partial Achilles tendon lesion. Orthopedics 33:120-123,
2010

de Jonge 5. de Vos R), Wear A, et al; One-year follow-up ol platefer
rich plasma treatment in chronic Achilles tendinopathy: A double-
blind randomized placebocontrolled tial. Am | Spons Med. 39
[1623-9 45}, 2011

Rabago D, Wilson ], Zgierska A: Platelet-rich plasma for treatment of
Achilles tendinopathy. J Am Med Assoc 303116961698, [letter and reply

- Field LD, Savoie FH: Common elbow injuries in sport. Sports Med

26:193-205, 1998

Mishra A, Pavelko T: Treaunent of chronic elbow tendinosis with buifered
platelet-rich plasma. Am | Sports Med 3+:1774-1778, 2006
Peerbooms JC, Sluimer J, Bruijn DJ, et al: Positive effect of an autologous
platelet concentrate in lateral epicondylitis in a double-blind randomized
controlled trial: Platelet-rich plasma versus corticosteroid injection with a
I-year [ollow-up. Am J Sports Med 38:255-262, 2010

Gosens T, Peerbooms JC, van Laar W, et al: Ongoing positive effect of
platelet-rich plasma versus corticosteroid injection in lateral epicondylitis:
A double-blind randomized controlled trial with 2-year follow-up. Am |
Sports Med 39:1200-1208, 2011

Hechtman KS, Urbe JW, Botto-vanDemden A: Platelet-rich plasma
injection reduces pain in patients with recalcitrant epicondylitis. Ortho-
pedics 34:92, 2011

Cervellin M, de Girolamo L, Bait C, et al: Autologous platelet-rich plasma
gel to reduce donor-site morbidity after patellar tendon graft harvesting for
anterior cruciate ligament reconstruction: A randomized, controlled
clinical study. Knee Surg Sports Traumatol Arthrosc 2011

. Orrego M, Larrain C, Rosales ], et al: Effects of platelet concentrate and a

bone plug on the healing of hamstring tendons in a hone tunnel.
Arthroscopy 24:1373-1380, 2008

Vogrin M, Rupreht M, Dinevski D, et al: Effects of a platelet gel on early
graft revascularization after anterior cruciate ligament reconstruction: A
prospective, randomized double-blind, clinical wial. Fur Surg Res
45:77-85, 2010

- Vogrin M, Rupreht M, Cmjac A, et al: The effect of platelet-derived growth

factors on knee stability after anterior cruciate ligament reconstruction: A
prospective randomized clinical study. Wien Klin  Wochenschr
122:91-95, 2010

Malliaropoulos N, Papacostas E, Kiritsi O, et al: Posterior thigh muscle
injuries in elite track and field athletes. Am | Sports Med 38:1813-1819,
2010

Orchard J. Best TM: The management of muscle strain injuries: An early
retumn versus the risk of recurrence. Clin | Sport Med 12:3-5, 2002
Borrione P, Gianfrancesco AD, Pereira MT, et al: Platelet-rich plasma in
muscle healing. Am J Phys Med Rehahil 89:854-861, 2010

Hammond JW. Hinton RY, Curl LA, et al: Use of autologous platelet-rich
plasma to treat muscle strain injuries. Am | Sports Med 37:1135-1142.
2000

Cugat et al: The International Society of Arthroscopy. Knee Surgery. ad
Orthopaedic Sports Medicine, Florida, 2005

sanchez M, Anitua E, Orive G. et al: Platelet-rich therapies in the treatment
of orthopaedic spert injuries. Spons Med 39:343-354, 2009

Chan Y5 LiY. Foster Wetal: The wse of suramin, an antifibrotic agent, to
mprove muscle recovery alter stran mjury. Am | Sports Med 3343-51,
2005

76, Jde Vos R) vim Veldhoven PL Moen ML et al: Autologous growth facto

mjections m chrome tendinopathe, A systematic reviess Br Med Bull
936377, 2010

CGmlhn XL smith CM Costa ML The Clinead use ol plaelet-rich plasma in

the promonon of bone healing: A svsematic review Injury 407138162,
2009




