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Current Concepts

The Use of Platelet-Rich Plasma in Arthroscopy and Sports
Medicine: Optimizing the Healing Environment

Emilio Lopez-Vidriero, M.D., Ph.D., Krista A. Goulding, M.D., David A. Simon, M.D.,
Mikel Sanchez, M.D., and Donald H. Johnson, M.D., F.R.C.S.C.

Abstract: Platelet-rich plasma (PRP) is a new technology focused on enhancing the healing response
after injury of different tissue types. PRP is prepared by withdrawal of patients’ peripheral blood and
centrifugation to obtain a highly concentrated sample of platelets, which undergo degranulation to
release growth factors with healing properties. It also contains plasma, cytokines, thrombin, and other
growth factors that are implicated in wound healing and have inherent biological and adhesive
properties. The prepared concentrate is then injected back into the patient at the site of morbidity.
This may be intralesional, intra-articular, or surrounding the involved tissue bed. PRP preparations
have been used therapeutically in various medical fields from implantology to vascular ulcers, with
a more recent evolution and promising results in the field of sports medicine and arthroscopy. Sports
medicine patients desire a rapid return to their preinjury level of function, and PRP may have certain
applications that will speed recovery in cases of tendon, ligament, muscle, and cartilage disorders. In
particular, anterior cruciate ligament reconstruction has shown better autograft maturation, improved
donor site morbidity, and pain control, in addition to improved allograft incorporation. By acceler-
ation of the biological integration of the graft by use of PRP, patients may undergo faster, more
intensive rehabilitation programs and return to sports more rapidly. Because of its autogenous origin,
easy preparation, and excellent safety profile, the advent of PRP has opened another therapeutic door
for sports medicine physicians and orthopaedic surgeons. Future directions of PRP include improving
the results of arthroscopic and related surgery, in addition to delineating correct dosage, timing, and
quantification, as well as ideal techniques of PRP application.
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latelet-rich plasma (PRP) is a general term for new
technologies that are focused on enhancing the heal-

ng response after injury of different tissue types. To
nderstand PRP’s mechanism of action and possible
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Arthroscopy: The Journal of Arthroscopic and Related Su
pplications, it is important to be familiar with the gen-
ral healing response. General healing follows a pathway
hat begins with inflammation lasting days, continues
ith cellular and matrix proliferation for weeks, is fol-

owed by tissue formation and maturation for months,
nd ultimately, finishes with tissue remodeling, which
akes years.1 PRP preparations contain high concentra-
ions of platelets that, once activated, undergo degranu-
ation to release growth factors with healing properties.2

hey also contain plasma and other growth factors im-
licated in wound healing, in addition to thrombin,
hich has inherent biological and adhesive properties.3

The basic mechanism for preparing PRP involves
ithdrawal of the patient’s peripheral blood, followed
y centrifugation to obtain a concentration of platelets
nd cytokines well above serum baseline.3 However,
here are differences between commercial systems

ith respect to the preparation protocol, number of

269rgery, Vol 26, No 2 (February), 2010: pp 269-278

mailto:kristagoulding@hotmail.com


p
c
d
s
p

v
u
e
r
a
i
m
i
a
s
t

p
d
i
u
a
p

s
c
f
d
o
s
a

w
a
a
p
c
c
p
f
g
r

b
t
r
l
s

a
a
a

b
a
m
D
t
l
a
v
p
t
o

l
u
h
P
t
m
a
a

m
g
o
s
b
s
m
g
s
l
g
o
h
l
r

P
c
p
p
m
s
e

270 E. LOPEZ-VIDRIERO ET AL.
latelets, use of anticoagulant, inclusion of leuko-
ytes, and use of activators that may lead to very
ifferent biological effects in application.4 Under-
tanding these differences is critical when analyzing
ublished results and deciding which system to use.
PRP preparations have been used therapeutically in

arious medical fields, from implantology5 to vascular
lcers,6 with good results. Sports medicine is an
volving field in which patients desire and require
apid recovery after injuries. Although there has been

tremendous evolution in surgical techniques and
nstrumentation, the medical approaches of the sports
edicine physician have primarily remained oral, top-

cal, and injectable anti-inflammatories. Because of its
utogenous origin, easy preparation, and excellent
afety profile, the advent of PRP has opened another
herapeutic door for sports medicine physicians.

There is increasing interest in the application of PRP
reparations in arthroscopic and related surgical proce-
ures around the world. By acceleration of the biological
ntegration of the graft by use of PRP, patients could
ndergo faster, more intensive rehabilitation programs
nd return to sports more rapidly, as compared with
atients treated with traditional surgical protocols.

TISSUE HEALING PROCESS

As outlined previously, the general healing re-
ponse is a pathway beginning with inflammation and
ellular and matrix proliferation, followed by tissue
ormation and maturation, with each phase lasting for
ays, weeks, and months, respectively. In this context,
ptimal tissue healing requires “an exquisitely de-
igned continuum of events that are interdependent
nd subject to both intrinsic and extrinsic signaling.”7

After tissue injury, the healing continuum begins
ith the inflammatory phase. This phase requires an

dequate blood supply that will attract macrophages
nd form a fibrin clot at the injured site to provide a
rovisional scaffold for those platelets trapped in the
lot. The fibrin clot provides contact guidance and a
onductive surface onto which cells can migrate and
roliferate. Platelets trapped in the provisional scaf-
old are the primary reservoir of growth factors. These
rowth factors are derived from platelet granules, se-
um, and local cells.7

The cellular and matrix proliferation stage is critical
ecause cells are the metabolic engine that drives
issue repair.8 These cells usually originate from plu-
ipotent stem cells in adjacent tissues (e.g., infrapatel-
ar fat pad for anterior cruciate ligament [ACL] and

atellite cells for muscle).8 They are recruited to the e
rea by a variety of growth factors with chemotactic
nd mitogenic functions that stimulate further cellular
nd vascular proliferation.1

The tissue formation and maturation phase is driven
y cell phenotype and local environmental factors that
re both biological and physical.1 Finally, tissue re-
odeling is the longest stage and can last for years.
uring this phase, the repaired tissue is remodeled

hrough normal physiologic turnover in response to
oading, stress, and humoral factors.1 The final appear-
nce and function of the formed tissue depend on
arious factors and interactions affecting the different
hases. The resulting tissue may be fibrous nonfunc-
ional tissue (scar), repaired partially functional tissue,
r newly formed completely functional tissue.7

The healing response may be augmented or stimu-
ated by use of endogenous agents or exogenous stim-
li. Inflammation and matrix proliferation can be en-
anced by the introduction of growth factors (e.g.,
RP), scaffolds, and/or mesenchymal stem cells.7 In

he maturation and remodeling phases, probably the
ost important external stimulus is enhancing mech-

nobiological signaling by means of rehabilitation7

nd physical therapy.
The role of growth factors is to work with other
olecules to modulate cell function. Specifically,

rowth factors interact with the extracellular domain
f transmembrane receptors that transduce secondary
ignals to control subcellular biology.9 The potential
enefits of many of the growth factors have been
hown: platelet-derived growth factor is a powerful
itogen for connective tissue cells; transforming

rowth factor � is not only morphogentic but is also
trongly implicated in collagen synthesis; type I insu-
in-like growth factor is critical for cell survival,
rowth, and metabolism; and the cooperative actions
f vascular endothelial growth factor (VEGF) and
epatocyte growth factor induce endothelial cell pro-
iferation and migration, thus initiating the angiogenic
esponse.9

WHAT IS PRP?

The first descriptions of the development and use of
RP were in the early 1990s, when science was fo-
used on developing new “biological glues.” PRP
reparations were potent glues because of their high
roportions of fibrin, and they were primarily used in
axillofacial surgery. Surgeons and scientists ob-

erved that these preparations had bone-forming prop-
rties, as well as anti-inflammatory and antibacterial

ffects.10,11 The effects were attributed mainly to
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271PRP IN ARTHROSCOPY AND SPORTS MEDICINE
latelets, which are anuclear cells that circulate in
eripheral blood for 7 to 10 days. Aside from their
ole in coagulation and hemostasis, platelets contain
lpha granules with various molecules that are se-
reted upon activation. These molecules are growth
actors (platelet-derived growth factor, transforming
rowth factor �, VEGF), endostatins, platelet factor 4,

TABLE 1. Properties of PRP

Biological glue”
oagulation and hemostasis
ound healing

rovisional scaffold for stem or primary cell migration and
differentiation

ntra-articular restoration of hyaluronic acid
alances joint angiogenesis

ncreases glycosaminoglycan chondrocyte synthesis and cartilage
matrix
nti-inflammatory
ntibacterial
nalgesic

NOTE. PRP has multiple properties, including antibacterial and
nti-inflammatory effects, coagulation, and hemostasis, as well as
nalgesic properties. PRP contains platelets that secrete alpha gran-
les. These granules are made up of growth factors (platelet-
erived growth factor, transforming growth factor �, VEGF), en-
ostatins, platelet factor 4, angiopoietins, and thrombospondin 1,
hich are all active in wound healing. Fibrin also contributes to the

reation of a scaffold for wound healing and allows PRP to func-
ion as a biological glue.

IGURE 1. Preparation of PRP. PRP is with-
rawn peripherally from the patient (approxi-
ately 10 mL) and placed in a centrifugation
achine. After centrifugation, 3 layers are evi-

ent within the sample. The red layer contains
rythrocytes, and the white layer contains leuko-
ytes and other inflammatory cytokines; these 2
ayers are discarded. The yellow layer is the
ppermost layer, and it contains plasma, plate-
ets, and other growth factors. It is then injected
t the site of injury.
ngiopoietins, and thrombospondin 1. All are involved
n the healing process.2 Moreover, platelets have been
dentified to have analgesic properties by releasing
rotease-activated receptor 4 peptides.12 However,
RP contains not only platelets but also plasma with
brin and other growth factors that influence healing.
ibrin acts as a provisional scaffold for stem or pri-
ary cell migration and differentiation, and it func-

ions as a biological glue13 (Table 1).
All PRP preparations have certain steps in common

Fig 1). The basic mechanism for preparing PRP in-
olves withdrawal of the patient’s peripheral blood
Fig 2A), followed by centrifugation (Fig 2B) to ob-
ain a concentration of platelets and cytokines well
bove serum baseline. The centrifuged product is usu-
lly stratified into 3 layers in its container (Fig 2C).
he base, named the red layer, is filled with erythro-
ytes; the middle, or white layer, contains leukocytes
nd inflammatory cytokines; and the top, or yellow
ayer, is filled with plasma, platelets, and growth fac-
ors. The selected part of the prepared concentrate is
hen injected into the region where it is required. This
ay be intralesional (as in the muscle), intra-articular

as in ACL reconstruction), or surrounding the in-
olved tissue bed (e.g., within the Achilles tendon
heath after rupture repair).

Several commercial products exist (Table 2), with
inor but important differences that may impact bio-
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272 E. LOPEZ-VIDRIERO ET AL.
ogical efficacy. These subtle differences may be eas-
ly overlooked, and the surgeon should appreciate in
etail the type of system being used, in the context of
he desired endpoint and the tissue involved.

The use of the term “PRP” has been controver-
ial. The generalized nature of the terminology is
hought to be a potential hindrance to differentiating
etween the various products and their respective pro-
ocols. This raises concerns about potential uses of
RP because different products render different bio-

ogic effects.4 The main differences among the sys-
ems are as follows: the speed and number of centrif-
gations that lead to different platelet concentrations,
he use of anticoagulant in the sample container, the
resence of leukocytes in the preparation, and the use
f an activator4 (Table 3). These factors should be

TABLE 2. Characteristics of Mai

System
Blood

Volume Procedure

CP-DS (Arthrex, Naples, FL) 9 mL Single spin
ibrinet (Cascade;
Musculoskeletal Tissue
Foundation)

9-18 mL Single spin
(for PRP)

6

Double spin
(for PRFM)

6

PS (Biomet) 27-110 mL Single spin
agellan (Medtronic,
Minneapolis, MN)

30-60 mL Double spin

RGF (BTI Biotechnology
Institute)

9-72 mL Single spin

martPrep (Harvest Technologies,
Plymouth, MA)

20-120 mL Double spin
Abbreviations: CaCl2, calcium chloride; AT, autologous thrombin; BT
aken into account when one is analyzing the pub-
ished results and when deciding which system to use.

A system that delivers a higher absolute number of
latelets is not necessarily better. The number of
latelets needed to obtain the optimal effect in bone
egeneration has been shown to be between 503,000
nd 1,729,000 platelets/�L of PRP.14 Concentrations
elow 3.8 � 105 platelets/�L have a suboptimal ef-
ect, and concentrations above 1.8 � 106 platelets/�L
ay have a paradoxically inhibitory effect.14

As previously mentioned, the activation of platelets
s required to release growth factors from the alpha
ranules. Some commercial systems do not activate
heir preparations, with the argument that these will be
ctivated once in the surgical field. Others use exog-
nous or endogenous thrombin to activate the PRP,

FIGURE 2. The basic mechanisms for pre-
paring PRP involve (A) withdrawal of the
patient’s peripheral blood and (B) centrifuga-
tion to obtain a concentration of platelets and
cytokines. (C) The centrifuged product is
stratified into 3 layers.

Commercial Protocols Available

me
Final Volume

of PRP
Final Platelet
Concentration Leukocytes Activator

min 3 mL �2-�3 No None
PRP) 4-9 mL �1-�1.5 No CaCl2

15 min
M)
min 3-12 mL �3-�8 Yes AT/CaCl2
min 6 mL �3-�7 Yes CaCl2

min 4-32 mL �2-�3 No CaCl2

min 3-20 mL �4-�6 Yes BT/CaCl2
n PRP

Ti

5
min (

min �
(PRF

15
4-6

8

14
, bovine thrombin.
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273PRP IN ARTHROSCOPY AND SPORTS MEDICINE
efore in vivo deposition. The use of exogenous
hrombin may be considered an issue because of the
ossibility of adverse immune reactions.3 As such,
alcium chloride has also been used as an activator to
void the possibility of these side effects.3

The inclusion of leukocytes in the preparation is
lso controversial. The biological deleterious effects
esulting from neutrophils containing matrix metallo-
roteinases 8 and 93 have been well described. More-
ver, neutrophils may increase tissue damage by re-
easing excessive amounts of reactive oxygen species
n the inflammatory phase of muscle injury.15

APPLICATIONS OF PRP IN SPORTS
MEDICINE

PRP systems have shown good results in various
edical fields, from implantology5 to the treatment of

ascular ulcers.6 Sports medicine patients want a rapid
eturn to their preinjury level of function, and PRP
ay have certain applications that will speed recovery

n cases of tendon, ligament, muscle, and cartilage
isorders (Tables 4 and 5).
Tendons have low metabolic rates at baseline and

re predisposed to slow healing after injury.9 Basic
cience studies have shown that co-cultures of teno-
ytes and a preparation rich in growth factors (PRGF;
TI Biotechnology Institute, Vitoria, Spain) increase

he proliferation and secretion of VEGF and hepato-

TABLE 3. Differences Between PRP Systems

peed of centrifugation
umber of centrifugations
se of anticoagulant
resence of leukocytes in preparation*
se of activator†

*Leukocytes may release matrix metalloproteinases (matrix met-
lloproteinase 8 or 9) and excessive reactive oxygen species, re-
ulting in increased tissue damage.

†Calcium chloride may be used in conjunction with an activator
e.g., exogenous thrombin) to avert possible immune reactions.

TABLE 4. PRP Applications

PRP Applications Examples

hronic tendinosis Tennis elbow
endinopathy Chronic rotator cuff tendinopathy,

jumper’s knee
cute tendon injury Achilles tendon rupture, SLAP lesions
steoarthritis Osteochondral defects
uscle injury Hamstrings tear
m
steochondritis Osteochondritis dissecans lesions
yte growth factor.16 This was shown to improve
ngiogenesis and lessen fibrosis after repetitive injec-
ion in the severed Achilles tendons of sheep.17 On the
asis of encouraging results in cultures and animal
odels, Sanchez et al.18 performed a comparative

tudy in athletes. They compared intraoperative PRGF
njections in a group of Achilles tendon rupture re-
airs, with a matched control group treated with sur-
ical repair alone. This study showed that the group
hat had surgery plus PRGF recovered significantly
arlier and had a smaller cross-sectional area of fi-
rotic tendon after 18 months than the control group.
PRP has also proven to be effective in treating

hronic tendinosis. Mishra and colleagues19 showed a
ignificant reduction, at 8 weeks, in tennis elbow
ymptoms in a group treated with PRP compared with
control group (GPS System; Biomet, Warsaw, IN).
group from the Netherlands led by Gosen20 has

eplicated this protocol and compared the PRP group
ith a group treated with cortisone injection for tennis

lbow. They observed that the PRP group enjoyed
etter and faster functional recovery and pain relief
fter 6 months.

Chronic rotator cuff tendinopathy and partial- or
ull-thickness tears could be a potential target for
reatment with PRP alone or in combination with
hysiotherapy and surgery. Anderson and colleagues19

bserved that a cohort of patients treated surgically, in
ombination with platelet-rich fibrin matrix (PRFM),
sed significantly fewer narcotics for less than half the
ime of counterparts in a matched control cohort. In
assive rotator cuff surgery, Maniscalco et al.21 have

hown good results adding the Cascade membrane
A.T. Grade, Milan, Italy). Recently, Marcacci and
olleagues22 at the Rizzoli Institute have studied the
ffects of PRP in jumper’s knee (chronic refractory
atellar tendinopathy) after previous classical treat-

TABLE 5. PRP Applications in Arthroscopy and Related
Surgery

Arthroscopic
Procedure PRP Applications in Arthroscopy

CL repair Improves allograft integration within
tunnel by limiting graft motion,
decreasing osteolysis

Decreases time to graft integration
eniscal repair Increases healing in zone of avascularity

LAP repair Accelerates healing times
steochondral defect
repair

Augmentation of chondral body repair
ents have failed. They observed significantly bet-
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274 E. LOPEZ-VIDRIERO ET AL.
er results in terms of Tegner, EuroQol, and visual
nalog scale scores and pain level compared with
aseline and with controls treated with physiother-
py.
Muscle injuries have been treated successfully with

he PRGF system (BTI Biotechnology Institute). The
reatment protocol consists of extracting the early
lood clot percutaneously under ultrasound control
nd then filling the gap with PRGF, again under
ltrasound guidance. Sanchez et al.23 found that 20
thletes had full recovery in half the expected time.
oreover, fibrosis was not apparent at long-term fol-

ow up, and no reinjuries occurred.
In fibrocartilage basic science studies have shown

hat the use of PRP enhances meniscal repair in the
vascular region of rabbit menisci, both in vitro and in
ivo at 12 weeks.24 Clinically, Sgaglione and col-
eagues19 have explored the use of PRP to augment
eniscal repairs and have found optimal and success-

ul healing along with an 80% success rate in clinical
utcomes (Tegner and Lysholm scores) of 40 young
atients treated with meniscal repair and PRP. In
ddition, the use of PRP has been shown to accel-
rate healing and reduce pain in SLAP repairs as
ompared with controls.25 Other fibrocartilage-like
issues, such as the hip labrum, are being surgically
epaired in conjunction with PRP supplementation. Un-
ortunately, we are not aware of any published results to
ate.
Recent studies have shown good results where car-

ilage defects, osteochondritis, and osteoarthritis have
lso been treated with PRP. Sanchez et al.26 used the
RGF system in combination with arthroscopic sur-
ery to reattach a large chondral loose body (�2 cm)
nd observed accelerated complete articular cartilage
ealing. Moreover, in Spain the groups of Sanchez
t al.27 and Cugat28 have used intra-articular injections
f PRGF to treat knee osteoarthritis. PRGF has been
hown to significantly decrease pain and improve
uality of life and clinical outcomes, as compared
ith intra-articular hyaluronic acid supplementation.29

his benefit could be explained by the effect of PRGF
n restoring hyaluronic acid concentration and balanc-
ng angiogenesis in the joint.29

Other PRP systems have been shown to increase
lycosaminoglycan chondrocyte synthesis, as well as
artilage matrix, in rabbit models of osteoarthritis.
nterestingly, the use of PRP suppressed the progres-
ion of osteoarthritis in the ACL-transected rabbit

odel, morphologically and histologically.30 t
CLINICAL EXPERIENCE IN ACL
RECONSTRUCTION WITH PRP

Success rates of ACL reconstruction surgery vary
etween 73% and 95%, and the rate of return to the
reinjury level of activity varies from 37% to 75%.31

here has been increasing interest in improving these
esults, especially in the presence of graft failures.
eturn to full activity varies from 6 to 12 months
ecause biological fixation is not strong enough to
ear aggressive rehabilitation until 12 weeks after
urgery.31

By acceleration of the biological integration of the
raft by use of PRP, patients could potentially ad-
ance through more intensive rehabilitation programs
nd return to sports more rapidly than patients treated
ith traditional surgical protocols. This is of particular

nterest in terms of the timing of incorporation of
oft-tissue grafts into the tunnel. The results have been
aried; some reports suggest that allografts incorpo-
ate in the tunnel more slowly than bone-tendon-bone
BTB) grafts and show higher rates of failure, which
ould be attributed to their low cellularity.32 Con-
ersely, a recent systematic review by Carey et al.33,
hich evaluated 9 nonrandomized, prospective clini-

al trials comparing autograft with allograft, showed
o difference between these 2 modalities at early
linical follow up (although 1 study with an allograft
ailure rate of 45%, suspected to be due to the steril-
zation process, was excluded). Nonetheless, promot-
ng cell proliferation with PRP could purportedly
horten the healing time as well as the overall healing
ate, thus decreasing the number of both allograft and
utograft failures. In addition, complications limiting
raft integration within the tunnel, such as graft mo-
ion and tunnel widening, could be avoided or im-
roved with the use of PRP.
In North America there is an increasing interest in

RP technology. Fanelli and colleagues19 have re-
orted their results using the Cascade PRFM system
Musculoskeletal Transplant Foundation, Edison, NJ)
n ACL reconstructions with allografts. They found
ess tunnel expansion and osteolysis in patients who
nderwent supplementation with PRFM. They fol-
owed 70 ACL reconstructions, including 34 isolated
CL reconstructions, 30 ACL medial-side reconstruc-

ions, and 6 ACL lateral-side reconstructions. To
void confounding factors, all reconstructions were
erformed with fresh-frozen allograft tissue from the
ame tissue bank, and the same methods and materials
or fixation were used. Digital radiography showed

hat those patients treated with PRP had a 6.7% inci-
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275PRP IN ARTHROSCOPY AND SPORTS MEDICINE
ence of tunnel expansion and osteolysis whereas
hose patients who did not undergo supplementation
ith PRP had a 52% incidence of this complication.
oreover, when they used PRP in combination with

urgery for those patients with knees with ACL–
edial collateral ligament (MCL) insufficiency, they

ound little or no inflammation and no wound break-
own or blisters at the MCL wound site. They also
bserved that there was normal skin tension just 5
ays after surgery. Interestingly, there were no infec-
ions in knees treated with PRP. The authors attributed
he improvement in static stability, measured by
T-1000 arthrometer (MEDmetric, San Diego,
A), to the improvement of collateral ligament
ound healing.
The South American experience with PRP and ACL

econstruction has been led by Radice et al.34 in Chile,
ho studied the healing process of the ACL-recon-

tructed knee on magnetic resonance imaging (MRI)
tudies. To evaluate the concordance of MRI with
istology, they performed second-look arthroscopies
t 6, 9, and 12 months to obtain graft samples from
TB ACL-reconstructed knees. They concluded that
RI characteristics mirror the histologic stages de-

cribed by Arnoczky et al.8 At 6 months, the intra-
rticular portion of the graft was found to be hypoin-
ense, whereas the bone plugs were hyperintense with
iffuse edema around the tunnels. This correlated with
he stage of incorporation, with small, disorganized
ells; high vascular proliferation; and low-frequency
ollagen patterns on histologic sections. At 9 months,
he entire graft was hyperintense, with heterogeneous
ones on MRI and a more homogeneous distribution
f cells, better organization of collagen, and less vas-
ularization histologically. Finally, at 12 months, the
ppearance of the graft was hyperintense, completely
omogeneous, and without bone edema around the
unnels. This corresponded histologically to a normal
CL.
After determining the MRI characteristics of the

ealing ACL graft, Radice et al.35 designed a prospec-
ive randomized trial involving 25 patients treated
ith ACL reconstruction in combination with PRP

GPS System [Biomet] with thrombin activator) and
ompared them with a control group comprising 25
atients who underwent surgery alone matched for age
nd gender. BTB autografts were used in 15 patients
n each group, and hamstring autografts were used in
he other 10 patients. In BTB autografts, 5 mL of
ctivated PRP was added to an absorbable gelatin
ompressed sponge (Gelfoam; Pfizer, Ixelles, Bel-

ium) and sutured to the femoral plug and intra- t
rticular parts of the BTB graft, acting as a scaffold. In
amstring autografts the sponge was placed between
he folded tendons and sutured in the same manner.
ive milliliters of thrombin-activated PRP was in-

ected into the sponge in both scenarios.
Postoperatively, monthly MRI studies were per-

ormed from 3 to 9 months to track the homogeniza-
ion curve of the intra-articular portion of the graft in
he PRP group.35 The control group was studied
onthly between 6 and 12 months, assuming that

omogenization of the graft does not occur before the
ixth month as shown in the previous MRI study. The
mages were evaluated by a single radiologist in a
linded manner. The authors found that the time to
omplete homogeneity was 177 days for the group
ith surgery plus PRP, whereas the group with sur-
ery alone required 369 days to acquire a matured
raft. Moreover, when the subgroup of BTB autograft
as analyzed, the maturation time in the PRP group
as 109 days versus 363 days. In light of these results,
adice et al. concluded that the use of PRP accelerates
raft maturation by half of the expected time, with an
dditional reduction in maturation time from 12
onths to 3.6 months in the BTB graft and PRP

roup. These results are especially significant in light
f the accelerated recovery time desired in sports
edicine.
A similar study was performed in Portugal by Silva

nd Sampaio,36 which showed different results. All
urgeries were performed by the same surgeon, using
ouble-bundle reconstructions with hamstring au-
ografts. Forty patients were divided into four groups:
control group, a group with inactivated PRP injected
ithin the tunnels, a group with activated PRP in-

ected within the tunnels, and a group with inactivated
RP injected within the tunnels in addition to an

ntra-articular injection of inactivated PRP at 2 and 4
eeks postoperatively. The PRP system used was
PS (Biomet). However, the authors injected only 1.5
L of PRP between the tendon strands in the tunnels
ithout using any type of scaffold, and only in the

ourth group did they use autologous heated thrombin
s an activator (Clotalyst; Biomet). There was no
eference to the quantity of PRP that was injected
ntra-articularly or whether it was activated. The au-
hors performed MRI at 12 weeks to compare the
ignal intensity of the fibrous interzone in the femoral
unnels only, and they found no difference among the
roups at 3 months. They concluded that the use of
RP, whether activated or not, does not change the
ealing process at 12 weeks. However, in analyzing

hese results, one should consider the limitations in
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echnique (no activation, no scaffold use or intraten-
inous injection), in sample size (underpowered
tudy), and in the location of image analysis (no
ntra-articular tendinous analysis).

In Spain PRP preparations have been used since the
arly 1990s. Sanchez et al.9 have developed their own
ystem, named “preparation rich in growth factors”
PRGF system III; BTI Biotechnology Institute).10

he term “PRGF” denotes 100% autologous and bio-
ompatible products elaborated by use of a 1-step
entrifugation process. Sodium citrate is used as an
nticoagulant when peripheral blood is withdrawn.
fter centrifugation, a moderately elevated platelet

oncentration of 6 � 105 platelets/�L is obtained.
his concentration has been reported to induce the
ptimal biological benefit.14 In addition, leukocyte
ontent has been eliminated from PRGF with the aim
f avoiding the proinflammatory effects of the pro-
eases and acid hydrolases contained in white blood
ells. Lastly, calcium chloride is used as the activator.
he addition of calcium chloride promotes the forma-

ion of native thrombin, mimicking the physiologic
lotting process and enabling a more sustained release
f growth factors. Moreover, using a standardized
ose of calcium chloride, while avoiding the addition
f exogenous thrombin, grants control over the liquid-
el (fibrin matrix) transformation and confers versa-
ility to administration procedures.37 Different formu-
ations with therapeutic potential can be easily
btained depending on the degree of activation. The
ormulations include non-activated and activated liq-
id PRGF, scaffold-like PRGF composed of fibrillar
nd cellular components, and elastic, dense, and he-
ostatic fibrin.
This system has been widely used in Spain in dif-

erent clinical contexts since 1990. ACL surgery sup-
lemented with PRGF has been studied by the groups
f Sanchez et al.38 in Vitoria and Cugat28 in Barce-
ona. Sanchez et al. compared a cohort of 50 patients
9 BTB and 41 hamstring autografts) treated with
urgery plus PRGF with a cohort of 50 patients (11
TB and 39 hamstrings) who had surgery alone
atched for age and type of autograft. Their protocol
as to soak the graft in activated liquid PRGF before
assing it through the tunnels in the final stages of
urgery. With the knee evacuated of fluid by means of
rthroscopic aspiration, and once the graft was in
lace, they injected activated liquid PRGF inside the
utograft, within the tunnels, and in the trochleaplasty.
t the donor site, they used activated fibrin-dense
RGF to promote hemostasis and wound healing.

hey found that in the surgery-plus-PRGF group, a
here were fewer severe postoperative hematomas and
drop in the need for forced manipulation to deal with
limited range of motion. There were also larger

umbers of completely stable knees and better radio-
raphic integration of the grafts within the tunnels in
he first month postoperatively in this group. In addi-
ion, the authors had the opportunity to perform a
epeat arthroscopy in one of the PRGF knees because
f a meniscal tear, and they observed that the graft
ppeared to be completely integrated at 8 months.

Cugat28 is performing a randomized controlled trial
omparing the graft maturation rate of ACL-recon-
tructed knees with BTB autografts. One group un-
erwent surgical repair supplemented with 8 mL of
RGF intra-articularly after fixation of the graft; the
ther group was managed with surgery alone. Prelim-
nary results at the time of preparation of this article
ave indicated that, according to Radice’s MRI grad-
ng,34 graft maturation is completed in approximately
alf of the time in the group supplemented with
RGF, compared with surgery alone. Moreover, Cu-
at added the PRGF preparation to the patellar tendon
ap and has observed, by ultrasound, faster recovery
imes, less postoperative pain, and faster gap filling at
he tendon site.

The future of PRP techniques in ACL surgery is in
he field of primary repairs. Although previous expe-
ience has shown that primary repair has a tendency to
ail in humans, the possibility of augmenting and
nhancing the biological environment for repair with
RP may open another door to less invasive proce-
ures to achieve stability in the acute ACL-deficient
nee. However, it is important to note that basic
cience studies with pig models have shown contro-
ersial results to this point.39-42

CONCLUSIONS

The use of PRP technologies has opened another
oor in the treatment of soft-tissue injuries. An under-
tanding of the principles of tissue healing and the
athophysiology behind PRP, as well as a basic
nowledge of the differences in commercial systems
nvolved in the preparation of these products, is es-
ential to the successful application of this modality in
oth the conservative and operative management of
oft-tissue injury. Promising results have been shown
n the fields of sport medicine and arthroscopy. Future
irections include improving the results of arthro-
copic procedures and related surgery—in particular,
rimary ACL reconstructions. Further research will

lso be aimed at delineating correct dosage, timing,
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nd quantification, as well as ideal techniques of PRP
pplication.
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