
Summary. It has been shown that modern regenerative
scaffold-based procedures for the treatment of articular
cartilage defects offer good clinical results, although the
properties of native healthy cartilage have not yet been
matched by any substitute. Several implants have been
tested and clinically used over the years to promote
articular surface restoration, some of them producing a
hyaline-like reparative tissue. There has been an increase
in the number of new biological strategies, alone and in
combination with scaffolds, to enhance the clinical
outcome in patients with chondral disease. Among these
innovative methods, one of the most widely used is
Platelet-rich Plasma (PRP), based on the rationale of
using the growth factors contained in platelet alpha
granules to promote tissue regeneration. The aim of the
present manuscript is to review systematically the
current evidence in pre-clinical and clinical studies for
the use of PRP augmented scaffolds to treat chondral or
osteochondral disorders.
Key words: Platelet-rich plasma, Cartilage,
Regenerative medicine, Scaffold 

Introduction

Since the first generation of autologous chondrocyte
transplantation was introduced into clinical practice in
1987, and even more so over the last decade, the
approach used by the orthopedic surgeon when

addressing damaged tissues has developed from the
“simple” idea of repairing to the ambitious concept of
tissue regeneration (Filardo et al., 2011; Kon et al.,
2013). The progress in tissue engineering for cartilage
regeneration has led to the development of promising
materials conceived to guide the regeneration of the
damaged articular surface. Furthermore, the chance to
give a biological support for these procedures, to
accelerate the healing process, is being investigated both
at pre-clinical and clinical level. The use of growth
factors (GFs), potent molecules that guide and promote
cell growth and differentiation, became a clinical reality
through the application of Platelet-rich Plasma (PRP), an
easy and cost-effective way to obtain a concentration of
autologous blood-derived GFs in physiological
proportions. This systematic review aims at analyzing
the real effectiveness of PRP as augmentation for
scaffold-based treatments of chondral and osteochondral
lesions, with particular focus on the improvement in the
regenerated tissue.
Scaffolds: definition and application

Among the various different approaches developed
and clinically used over the years to address articular
cartilage defects, none has been able to show its ability
to produce a tissue with properties comparable to those
of native healthy cartilage. This is, in fact, a tissue with
unique characteristics and poor regenerative potential.
For these reasons the surgical management of such
lesions is still controversial and lot of effort is being
made in this field of research. Several biomaterials, in
different physical forms (fibers, meshes, gels), have been
proposed for cartilage regeneration (Filardo et al.,
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2013b). Cells can settle into the three-dimensional
structure of solid state scaffolds, or be physically
entrapped within gel scaffolds. The choice of
biomaterials includes synthetic substances, for example
polylactides (polylactic (PLA) and polyglycolic (PGA)
acids), alternatively to molecules naturally resident
inside the cartilage matrix (hyaluronic acid (HA),
collagen derivatives, agarose, alginate, fibrin glue (FG),
and chitosan). Whereas the main qualities of natural
materials are biocompatibility and an ability to boost cell
proliferation, synthetic biomaterials usually have better
mechanical properties and controlled degradation,
making it is easier to develop scaffolds with the desired
properties. Even though biocompatibility and bioactivity
are rapidly improving, most materials are currently still
under investigation to obtain an optimal construct
suitable for clinical application (Kon et al., 2009a;
Filardo et al., 2013b).

Tissue-engineered products in the form of three-
dimensional matrixes have been shown to provide cell
adhesion and proliferation, thus resulting in matrix
deposition within a hyaline-like tissue. Matrix-assisted
autologous chondrocyte transplantation (MACT) has
consequently been widely used and good results have
been widely described in the literature (Kon et al., 2012,
2013).

The regulatory limitations that most countries set on
culturing human cells and the costs of a two-step
procedure have prompted the development of specific
scaffolds to be implanted without any cell addition, but
relying on the potential of the biomaterial itself to
promote cartilage regeneration by simply exploiting the
self-regenerative potential of the patient and guiding
resident cells through the differentiation process (Gille et
al., 2010; Kon et al., 2010b). Finally, since in recent
years awareness of the role played by subchondral bone
with respect to articular cartilage disease has been
increasing, new polyphasic scaffolds have been
developed and introduced into clinical practice with
promising preliminary clinical results (Kon et al., 2009b,
2014; Melton et al., 2010). This new concept of cell-free
approaches raises interest even more in platelet
concentrates as a source of GFs to support tissue
regeneration by resident cells which inhabit the scaffold
in a simple, one step and less expensive procedure (Kon
et al., 2010b).
PRP: Definition and biological rationale

Recently, the use of PRP has been studied in several
fields of medical science; in fact this blood-derivate acts
as a carrier of highly-concentrated endogenous GFs,
normally contained in platelet granules, thus providing
their delivery to damaged tissues. The biological
rationale of using PRP in orthopaedic practice is that
these GFs and other molecules normally support healing
and regeneration processes in human tissues such as
cartilage, tendons and muscle. Moreover, they are also
involved in articular homeostasis, and cartilage growth

and preservation (Boswell et al., 2012).
Platelet GFs include platelet-derived growth factor

(PDGF), platelet-derived epidermal growth factor
(PDEGF), transforming growth factor (TGF-beta),
vascular endothelial growth factor (VEGF), insulin-like
growth factor 1 (IGF-1), fibroblastic growth factor
(FGF), epidermal growth factor (EGF) and others
(Sanchez et al., 2003b; Foster et al., 2009).
In particular,
• Alpha granules contain: cytokines, chemokines, and
proteins implicated in chemotaxis, cell proliferation and
differentiation, and inflammatory response (Boswell et
al., 2012).
• Dense granules contain: ADP, ATP, Ca2+, histamine,
serotonin and dopamine, which modulate homeostasis
and tissue regeneration (Mishra et al., 2009).
• Lysosomal granules contain: acid hydrolases,
cathepsin D and E, elastases, lysozyme (Anitua et al.,
2004).

These are similarly involved in regeneration or
homeostasis processes, but their mechanism is still under
investigation.

Because of the high variability and the
miscellaneous composition of platelet-derived products,
the literature reports different PRP formulations and also
a noteworthy inter-product variability that prevents study
comparisons and definition of the real potential of this
biological treatment approach (Tschon et al., 2011).
Even the definition of PRP is not univocal, since it has
been defined as “a blood derivate characterized by a
higher concentration of platelets” (at least 200% more
than peripheral blood PLT count) (Dohan Ehrenfest et
al., 2009; Marx et al., 2001), whereas the concentration
range reported in the literature varies significantly (up to
8 times the basal level) (Marx et al., 2001). This
parameter can lead to different concentrations of GFs in
the target site, which might be a key factor for treatment
outcome, as suggested by studies showing correlations
between results and platelet count (Dohan Ehrenfest et
al., 2009; Torricelli et al., 2011), although this topic is
still being debated and needs to be further investigated.
Moreover, the role of other bioactive plasma molecules
and other sources of variability are not yet clear, such as
the presence of leukocytes, activation methods, storage
procedures, administration protocols etc…

Up to now PRP has been applied intra-articularly for
various chondral diseases, ranging from chondropathy to
early or severe osteoarthitis (OA) (Filardo et al., 2013c).
Even though the most appropriate indication has not
been defined, and the effects of PRP appear to be largely
variable and only weakly correlated to some patient
characteristics, an overall benefit of its use for the
treatment of the damaged articular surface seems to
emerge from the available studies (Kon et al., 2011b,c). 

All these considerations make PRP a promising
strategy for the augmentation of scaffold procedures.
The aim of this systematic review is to analyze the
evidence of PRP effectiveness to favor scaffold-based
treatments of chondral and osteochondral lesions, with a
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particular focus on the improvement documented in the
regenerated tissue.
Materials and methods

We performed a systematic research of the PubMed
database using the following formula: (PRP OR platelet
gel OR platelet concentrate OR platelet lysate) AND
(scaffold OR implant) AND (cartilage OR chondropathy
OR osteoarthritis OR chondral). All resulting papers
were screened and selected according to the following
criteria: 1) papers published in the English language; 2)
dealing with preclinical in vivo and clinical application
scaffolds combined with PRP to treat chondral or
osteochondral pathologies, with 3) level of evidence
between I and IV. Papers found by screening the
reference lists were also considered for the literature
analysis of this review (Fig. 1).
Results

PRP and biocompatible scaffolds are two relevant
topics in the field of musculoskeletal regenerative
medicine. The applications of such bio-technologies in
pre-clinical and clinical practice is quite recent but, since
their therapeutic aim is similar, i.e. promoting tissue
regeneration, with possible complementary or even
synergic effects, PRP and scaffolds soon joined forces to
provide ‘PRP augmented scaffolds’, resulting in several
studies investigating both the properties of platelet-
derived GFs and those of scaffolds for the regeneration
of the articular surface.
Scaffolds and PRP: Preclinical studies

Over the last 15 years several studies have tested the
use of platelet-derived GFs as an augmentation for bio-
engineered scaffolds, either chondral or ostechondral
(Table l). Besides the use of PRP as an augmentation, its
clotting properties, scarce immunogenicity and high
biocompatibility have led to its use as a carrier itself,
aiming both at hosting cells and providing the right
stimuli for proliferation (Wu et al., 2009). Even the way
of adding PRP to different biomaterials has been
explored, leading to new concepts from soaking up to
electrospinning (Wolfe and Bowlin, 2011). 

Qi et al. (2009) treated osteochondral lesions of
rabbit patellae and achieved better results, both
histologically and mechanically, when combining PRP
and a collagen matrix with respect to those of collagen
matrix alone. More in detail, samples of the group
treated with the combination of scaffold and PRP
showed higher percentages of GAGs (Safranine-O) and
better morphological scores (hematoxylin and eosin
staining) at both 6 and 12 weeks post-operatively with
respect to the scaffold-alone and control groups, which
was also confirmed by the ICRS Visual Histological
Assessment Scale for the overall evaluation. Sun et al.
(2010) added PRP to a micro-porous poly-lactic-glycolic

acid (PLGA) scaffold implanted into osteochondral
defects of the patella in a rabbit model and compared the
results with those obtained by the scaffold alone. Twelve
weeks after implantation the samples were explanted and
evaluated: the PRP/PLGA group produced defects filled
with hyaline-like regenerating tissue, identified by
Safranin O/Fast green and toluidine blue staining, and
well integrated with the surrounding native tissue.
Moreover, micro-CT showed a continuous layer of
trabecular bone at the subchondral level. Interestingly, a
complete reabsorption of the implanted biomaterial was
observed in the PLGA scaffold alone group, with the
defect mainly filled by fibrous tissue and with no
evidence of extracellular matrix. Subchondral bone
restoration was also consistently lower. These findings
indicate quite clearly a positive effect of PRP for
scaffold-assisted osteochondral regeneration, whereas
contrasting results were reported by Kon et al. (2010a)
when applying a three-layered collagen-hydroxyapatite
(HA) biomimetic scaffold to a sheep model of femoral
osteochondral lesions, either with or without PRP. The
scaffold used was designed to replace and mimic the
entire osteochondral unit and implanted by press-fitting.
Surprisingly, at 6 months post-operatively the modified
Fortier evaluation of gross appearance was significantly
worse for the PRP-soaked scaffolds (Fig. 2).
Histological, immunohistochemical and micro-

807
Cartilage scaffolds and PRP: systematic review

Fig. 1. Flow-chart of the systematic review.
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Table 1. Animal studies combining scaffolds and PRP.

AUTHORS,
JOURNAL &
YEAR

ANIMAL
MODEL

TYPE OF
SCAFFOLD AND
COMPOSITION

STUDY GROUPS
STAINING METHODS
and OTHER
EVALUATIONS

MAIN FINDINGS

Qi et al., Cell
Transplant
2009

Rabbit
Patella

Bilayer collagen
matrix

1- PRP + collagen matrix
2- Collagen matrix alone
3- Empty defect

Safranine-O Hematoxylin-
eosin; Biomechanical
Test: Nanoindentation

Group 1 showed higher percentage of GAGs
and better morphological scores

Sun et al.
Int Orthop
2010

Rabbit
Patella Microporous PLGA

1- PRP + PLGA scaffold
2- PLGA scaffold alone 
3-Empty defect

Safranine-O/fast green
Toluidine blue
Histological Score:
Modified O’Driscoll Score
Micro CT

Group 1 produced hyaline-like and well-
integrated tissue and a continuous layer of
trabecular subchondral bone in the deeper
part. In Group 2 the scaffold completely
reabsorbed, leaving fibrous tissue with no
ECM

Kon et al.
BMC
Musculoskelet
Disord 2010

Sheep
Condyles

Nanostructured
three-layered
scaffold with
gradient of
collagen-
hydroxyapatite

1- Scaffold + PRP
2- Scaffold + cultured
chondrocytes
3- Scaffold alone

Safranin-O/Fast Green 
Acid fuchsin
Toluidine Blue
Type I and II Collagen
staining
Micro X rays 

Group 1 showed that PRP augmentation
decreased type I and II collagen production.
The best results were obtained in the scaffold
alone group, which was later applied in
clinical practice

Lee et al.
J Control
Release 2012
J Biomed
Mater Res A
2012

Rat Xyphoid
Gelatin-
poly(ethylene
glycol)–tyramine
hydrogel

1- Scaffold + PRP +
cultured chondrocytes
2- Scaffold +
chondrocytes
3- Scaffod + PRP
4- Scaffold alone

mRNA expression of: 
Sox 9, aggrecan, Coll-II,
ChM-1 and CB1-2
Coll-II staining

Group 1 produced better proteoglycan
synthesis, differentiation and maturation of
co-cultured cells and up-regulated genes
related to tissue healing

Betsch
PLoS One
2013

Mini-pigs
Condyles

Biphasic scaffold
(50% non-
crystalline
amorphous PLGA,
10% poly(glycolic
acid) fibres and
40% calcium
sulfate)

1- Scaffold alone
2- Scaffold + PRP
3- Scaffold + BMAC
4- Scaffold + BMAC +
PRP

Toluidine Blue
Coll-II Staining
Histological Score:
Modified O’Driscoll Scale

Histological evaluation performed by
O’Driscoll Score revealed the worst results in
the scaffold alone group. PRP or BMAC
augmentation improved significantly
histological outcome, whereas the
concomitant PRP + BMAC administration did
not result in better tissue healing

Marmotti et al.
Knee Surg
Sports
Traumatol
Arthrosc. 2012

Rabbit
Trochlear
defect

Hyaluronic acid
based membrane
or hyaluronic acid
based paste

1- PRP + Scaffold +
fibrin glue + cartilage
fragments
2- PRP + Scaffold +
cartilage fragments
3- PRP + Scaffold +
fibrin glue
4- PRP + Scaffold
5- Empty defect

Hematoxylin-eosin
Alcyan Blue
Coll-I and Coll-II staining
Histological score:
Modified O’Driscoll Score
Modified ICRS Score

Good overall results, best for scaffold seeded
with cartilage fragments and augmented with
PRP. Negative effect of fibrin glue on tissue
regeneration, with signs of inflammatory
changes. However, the real contribution of
PRP could not be evaluated in the present
study.

Marmotti et al.
Eur Cell Mater
2013

Goat
Trochlear
defects

Hyaluronic acid
based membrane

1- PRGF + fibrin glue +
cartilage fragments +
Scaffold
2- PRGF + Fibring Glue
+ Scaffold
3- Empty defects

Hematoxylin-eosin
Alcyan Blue
Coll-I and Coll-II staining
Histological score:
Modified O’Driscoll Score
Modified ICRS Score
Little Score
Biomechanical test: 
Nanoindentation

The best results were achieved by the
cartilage fragments-loaded scaffold, which
was responsible for the best osteochondral
repair, both from a histological and
biomechanical point of view. In particular,
nanoindentation tests proved that
regenerated cartilage in group 1 had
characteristics comparable to those of healthy
trochlear cartilage.

Xie et al.
Biomaterials
2012

Rabbit
PRP-derived 3-D
scaffold, with
mesh-like
microstructure

1- Empty defect
2- Scaffold alone
3- Scaffold + BMSCs
4- Scaffold + ADSCs

Hematoxylin-eosin
Toluidine blue
Coll-I and Coll-II staining
mRNA expression of: 
Sox 9, Aggrecan, Coll-I
and Coll-II
Histological Score:
Modified ICRS Score
Micro-CT

Better results both in in vitro and in vivo for
BMSC seeded scaffold compared to ADSCs
seeded- and scaffold alone groups



radiographic evaluations also confirmed these findings,
showing a better performance for the scaffold alone in
terms of both cartilage and subchondral bone
regeneration. In particular, histology and immunohisto-
chemical staining were negative (or positive only in
spotted areas) for type II collagen, and type I collagen of
the ECM appeared scattered up to the joint surface.
Since in this test model PRP was harmful for the tissue
regeneration processes, thus leading to a lower quality of
repaired tissue at both bone and cartilage level, the
authors decided to apply the scaffold alone in the clinical
practice and achieved a good clinical outcome (Kon et
al., 2011a; Filardo et al., 2013a).

Other more recent studies further investigated the
potential of PRP to give a biological enhancement to
scaffold-assisted regeneration of the articular cartilage.
Lee et al. (2012a,b) implanted a gelatin-poly(ethylene
glycol)–tyramine hydrogel in combination with PRP into
rat xyphoid full-thickness lesions. They tested 4
treatment groups: hydrogel alone, seeded with
chondrocytes, PRP augmented or hydrogel + PRP +
chondrocytes. The combination of PRP and chondro-
cytes, mixed into the hydrogel, obtained the best results
in terms of increased proteoglycan synthesis and better
differentiation and maturation of co-cultured cells. The
in vitro evaluation also showed a positive effect of PRP
on gene expression, by up-regulating some of the main
genes related to the tissue healing process (aggrecan,
type II collagen, ChM-1 and CB). Histology of the
regenerated tissue showed the presence of hyaline
cartilage in each treatment group, but the better filling
and the lower fibrous cartilaginous tissue were detected

in the hydrogel + PRP + chondrocytes group; finally,
these findings were consistent with immunohistological
staining for type II collagen. Betsch et al. (2013)
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Fig. 2.Histologic sample. The addition of PRP worsens the regenerative
results of a biomimetic three-layered osteochondral scaffold in a sheep
model.

Table 2. Clinical studies reporting the combined use of scaffold and PRP.

AUTHORS JOURNAL
and YEAR

LEVEL OF
EVIDENCE LESION SITE COMBINED

TREATMENTS N. OF PATIENTS F- UP FINDINGS

Giannini et al. Clin
Orthop Relat Res 2009

Level IV Case
series

Osteochondral
lesion of the
talus

Scaffold made of:
MSCs + PRP + HA
membrane (or
collagen powder)

48 24 months
The technique proved to be safe
and effective with significant
increase in all the clinical scores
and good rate of return to sport

Giannini et al. Injury
2010

Level III
Comparative study
(MSCs scaffold vs
arthroscopic ACI
vs open ACI)

Osteochondral
lesion of the
talus

MSCs + PRP + HA
membrane (or
collagen powder)

81 total (25
MSCs scaffold vs
10 open ACI vs
46 arthroscopic
ACI)

24 months

Clinical outcome was comparable
between MSCs scaffold and ACI,
but the single-step technique and
lower costs were considered the
strength of the scaffold procedure

Buda et al. J Bone Joint
Surg Am 2010.
Musculoskelt Surg
2013

Level IV Case
series

Osteochondral
lesion in the
condyle

MSCs + PRP + HA
or collagen
membrane

20 36 months

Significant improvement in both
IKDC and KOOS scores. MRI
evaluation provided good results at
MOCART score. Biopsies revealed
abundance of collagen II

Dhollander et al. Knee
Surg Sport Traumatol
Arthrosc 2011

Level IV Case
series

Patellar
osteochondral
defect 

Microfractures+
collagen based
scaffold + PRP

5 24 months
Significant clinical improvement
associated with positive MRI
findings even if a clear contribution
of PRP could not be identified

Siclari et al Clin Orthop
Relat Res 2012

Level IV Case
series

Condylar
osteochondral
lesions

Pridie Perforations +
polyglicolic/HA
scaffold + PRP

52 12 months
Good clinical outcome at the final
evaluation. Biopsies showed
hyaline-like cartilage



implanted an osteochondral bi-layered scaffold (Trufit
BGS, Smith & Nephew, USA) into critical-size
osteochondral defects in a pig model, combining either
BMSCs concentrate, PRP, or both. Each gave a positive
improvement to the tissue regeneration process, showing
blue staining with Toluidine blue and the presence of
collagen type II in both treatment groups. At 26 weeks
the degradation of the cartilage phase was complete,
whereas substitution of the repair tissue at bone level
was still on-going. Interestingly, the combination of both
augmentations did not give any further benefit in
histological scores when compared to the BMSCs- and
PRP-only group. Another very recent study by Kreuz et
al. (2013) found a positive effect by adding PRP to
PGA-fibrin scaffolds seeded with expanded human hip
cartilage-derived cells and implanted in the
subcutaneous tissue of nude mice. PRP in fact enhanced
the production of a regenerative tissue rich in type II
collagen and metachromatic ECM, thus minimizing the
heterogeneity otherwise observed in the group without
PRP.

Other studies applied PRP products only as part of a
more elaborate approach, where the main aim focused
on documenting the advantage of adding other biologic
elements to a scaffold-PRP construct, such as
mesenchymal stem cells (MSC) or chondrocytes.
Marmotti et al. (2012) addressed osteochondral lesions
of the rabbit trochlea with a scaffold composed of
hyaluronic acid, human fibrin glue and autologous PRP,
by evaluating the effect of adding freshly harvested
autologous articular cartilage. A better histological score
was obtained by loading the HA, in either paste or felt
form, with cartilage fragments and PRP, thus producing
a well-integrated repair tissue with hyaline-like
appearance and a partial columnar structure at 6 months,
which was also confirmed by collagen type II
immunostaining. Interestingly, the results obtained with
the scaffold alone were even worse than the empty
control, thus the authors warned against the use of
human fibrin glue as a scaffold for use in rabbits. The
same group then obtained similar results by applying
these principles to a goat model, by combining an
autologous platelet-rich fibrin matrix (PRFM) poor in
leucocytes with cartilage fragments loaded into a HA-
derived membrane (Marmotti et al., 2013). The
evaluation of the repair tissue showed higher scores for
defects treated with cartilage fragments along with
scaffolds (Group 1), both macroscopically (ICRS and
O’Driscoll) and microscopically (Haematoxylin/Eosin
and Alcian blue staining; for type I and II collagen
immunohistochemistry); the group treated with the
cartilage fragments had significantly better results than
the others, with features of hyaline-like cartilage and
normal-to-moderate matrix staining, type II collagen
immunostaining in the superficial layer and type I
collagen in the newly formed subchondral bone. Finally,
Xie et al. tested a 3-dimensional scaffold with a mesh-
like microstructure that was derived from PRP. The
scaffold was seeded with bone marrow MSC (BMSC) or

adipose-derived MSC (ADSC) and subsequently
implanted into rabbit osteochondral defects of the
patellar groove (Xie et al., 2013). The results seemed to
favor BMSCs compared to ADSCs both in vitro, with a
higher proliferation rate and expression of cartilage-
specific genes, and in vivo, where better histological
scores were recorded, with a good integration of the
repair tissue in the surrounding cartilage, hyaline-like
appearance and a higher presence of type II collagen.
Subchondral bone regeneration was also better at micro-
CT in the BMSC group with respect to ADSC group.

Unfortunately, the experimental design of the latter
studies prevents an assessment of the real role of PRP to
favor cartilage tissue regeneration, but they still
contribute to the knowledge of the surgical application
of PRP by showing the lack of adverse events and
overall positive results.
Scaffolds and PRP: clinical studies

Few studies report the clinical use of PRP as surgical
augmentation to scaffolds for cartilage repair (Table 2),
and unfortunately most of them lack biopsies for
histology evaluation to understand the real benefit in
terms of tissue formation.

The first paper on the surgical use of PRP in the field
of cartilage treatment was not based on the augmentation
of scaffold implantation. In this report Sànchez et al.
treated a cartilage avulsion in a 12-year-old football
player by re-fixation and the addition of PRP around the
fragment: the authors claim that the patient returned to
the same previous level of sport activity after 18 weeks
(Sanchez et al., 2003a). Moreover, the MRI performed at
follow-up showed good structural integrity of the refixed
fragment tissue. Unfortunately, this study lacked
biopsies for histology evaluation, but it can be
considered as the landmark for a new surgical
application of PRP. Other studies followed by reporting
on the use of PRP to support cartilage treatment through
scaffold implantation. Dhollander et al. (2011) treated
osteochondral defects of the patella in five symptomatic
patients with a collagen I/III scaffold membrane
implanted after microfractures and filling with PRP the
interface between the membrane and the microfractured
subchondral bone. The evaluation at 24 months of
follow-up showed improved pain and function, as
testified also by the positive MRI findings of the repair
tissue. However the authors could not clearly
demonstrate whether the role of PRP was positive in
improving the quality of tissue repair. Siclari et al.
treated chondral defects of 52 patients by implanting a
polyglycolic acid/hyaluronan scaffold augmented with
fibrin glue-like adhesive made of autologous PRP, gelled
by calcium gluconate and thrombin. After arthroscopic
microfractures, the adhesive was applied to fix the
implant soaked in PRP into the defect, and finally the
whole implant was covered with the autologous PRP
glue. The KOOS score showed a significant
improvement at 12 months’ follow-up, then stable up to
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24 months. Arthroscopic second-look biopsies were
harvested from 4 patients at 18 to 24 months, which
highlighted hyaline-like features, good integration and
homogeneity of the regenerative tissue: hematoxylin
staining showed a repair tissue rich in chondrocyte-
similar round cells, either isolated or in small clusters
and occasionally in a columnar distribution. Alcian blue
staining showed high presence of proteo-glycan and
chondrocytic cells, whereas collagen type II staining was
positive for cells and at extracellular level (Siclari et al.,
2012, 2013). Giannini et al. conducted clinical trials by
implanting a membrane consisting either of hyaluronic
acid (HA) or porcine collagen powder, combined with
PRP and bone marrow-derived mesenchymal stem cells
(BMDCs). This one-stage procedure was performed to
treat osteochondral defects of the talus arthroscopically
in 48 patients, who were then evaluated prospectively
for 24 months after surgery (Giannini et al., 2009). The
clinical parameters increased significantly and most of
the patients returned to sport activity in the first 11
months after surgery. The authors found that a larger
area of the lesion and previous surgeries negatively
influenced the clinical outcome. The same group
(Giannini et al., 2010) then compared the clinical results
obtained 36 months after surgery using this one-step
procedure versus open and arthroscopic ACI in a group
of 81 homogeneous patients (25 BMDCs “one-step”
versus 10 open ACIs and 46 arthroscopic ACIs). Besides
a significant improvement for each treatment, no inter-
group difference was found, thus confirming the
effectiveness of this new technique. The same procedure
was also applied to osteochondral defects of the femoral
condyles in 20 patients. (Buda et al., 2010, 2013) A
significant improvement in the outcome was reported in
every score used at final evaluation, in association with
satisfactory findings by MRI. The hyper-intense signal
of the repairing tissue with MRI appeared to be related
to a poorer clinical outcome. Four patients had a second-
look arthroscopy 12 months after surgery and a biopsy
was harvested for histology. The superficial layer
appeared to be mostly regular, with evidence of
subchondral bone and tide-mark layers. Safranin-O
staining highlighted a cartilaginous tissue containing a
matrix rich in proteoglycan, especially in its middle and
deeper parts, whereas a high percentage of collagen was
found in the superficial zone. Hematoxylin-eosin
staining showed homogenously distributed cells,
organized in columns in the deeper part. Immunohisto-
chemistry was positive for collagen type II throughout
the entire thickness of the tissues, whereas collagen type
I was negative.

Besides the overall positive results, the methodology
of these clinical studies is quite weak to support the
potential of PRP, with the presence of several combined
treatments that act as a confounding factor, thus
preventing the possibility to identify the real
contribution of the growth factors made by PRP to the
cartilage regeneration process; moreover, they lack a
control group, and therefore they cannot prove but only

suggest the possibility of using PRP as a biological
augmentation for surgical procedures.
Discussion

Orthopedic knowledge has been enriched over the
last decade by new concepts, including the use of
biomaterials, GFs and cells, which have helped to
promote tissue regeneration in current practice
(Marcacci et al., 2013). Different therapeutic approaches
have thus been developed, and nowadays both scaffolds
and GFs are suitable ways to achieve tissue healing,
even when dealing with the low potential generally
associated to degenerative lesions of the tendon, muscle,
and cartilage (Kon et al., 2011a,b; Filardo et al., 2013a-
c). The literature on this topic presents several in vitro
and in vivo studies that show the attractiveness of these
strategies (Tschon et al., 2011; Filardo et al., 2010,
2012). Since they share the same aim and a potentially
complementary mechanism of action, the effect of their
combined use is being currently studied. Pre-clinical and
clinical results have been promising, since the addition
of PRP to scaffolds was mostly shown to produce a
better quality of repair tissue. Conversely, a trial
revealed a detrimental effect of PRP used in addition to a
collagen-HA multilayered implant, thus producing
poorer histological and immuno-histochemical results
with respect to the scaffold implanted alone (Kon et al.,
2010a). These findings are particularly interesting since
they highlight the extreme variability of products and
techniques used for cartilage regeneration, which is one
of the most debated topics concerning regenerative
strategies, both biological and bio-engineered. Each
biomaterial used as a scaffold has indeed some unique
chemical and biomechanical properties that directly
influence the osteo-conductive and osteo-inductive
potential and subsequently the interaction with platelet
concentrates and thus the quality of the repair tissue.
Therefore, it is not surprising that each biomaterial
might react differently to the use of GF augmentation.
Another variable also has to be considered, which is the
different type of seeding and bonding interaction
between biomaterials and PRP, which might affect the
pattern of GF release. Moreover, the numerous PRP
formulations used vary in preparation methods, cell
content, type of activation and several other aspects
(Mifune et al., 2013). Currently, research is being
conducted for a better insight into the basic biology of
PRP since, although some GFs might be fundamental for
cartilage healing, others are still under investigation to
highlight their real effect on tissue regeneration. Finally,
the possibility to add cells to the scaffolds represent an
additional confounding factor. Most techniques
traditionally combine cultured chondrocytes, but MSCs
harvested from adipose tissue or bone marrow are also
being applied, especially in more recent years (Labusca
and Mashayekhi, 2013; Koh at al., 2013); their
biological properties are still under investigation, but it
has been found that the stimulus of different GFs can
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directly influence their behavior (Sanchez et al., 2003b) .
Last but not least, the choice of the animal models to test
is a key factor, since the same scaffold applied in
different animals can lead to different results.

The multitude of variables involved explains the
difficulty in understanding the contribution of platelet-
derived GFs in the regenerative processes induced by the
scaffold. Whereas the safety and feasibility of applying
PRP in clinical use, even as augmentation to scaffolds,
has been already demonstrated, currently findings are
not univocal. It is indeed really difficult, among the trials
available in the literature, to determine to what extent
PRP influences the results of the scaffold implantation at
each level, ranging from histological findings to the
clinical outcome. Moreover, in most of the available
trials platelet-derived GFs are combined with other
biological augmentation methods, such as MSC, another
confounding factor that further impedes understanding
the contribution of PRP itself. The only way to
understand precisely the role played by PRP is through
specifically targeted comparative studies, whereas
currently there are a few experimental preclinical studies
and a handful of case series in biomechanically very
different joints (knee and ankle) with a short-term
follow-up, so further trials are needed to confirm the
promising preliminary findings and determine the
persistence of the good clinical outcome of these
procedures. 
Conclusions

The idea of maximizing the regenerative potential of
surgical procedures for cartilage repair by using
scaffolds, PRP and cells, either alone or combined, has
shown very promising results. Thus, these materials are
being thoroughly tested. Pre-clinical and clinical reports
available at present give promising results, even if they
are still preliminary and mostly of weak scientific
evidence. Moreover, the presence of several confoun-
ding factors prevents a clear understanding of the
specific role of each of them. The risk is that their use
becomes widespread without a proper knowledge of the
biological activity of the single components, especially
regarding their interaction. Scientifically solid and
specifically focused studies are needed to pinpoint the
effect of PRP on the scaffold-mediated regenerative
process and histologic findings are the best way to
identify the effectiveness of each technique, thus
allowing the best clinical indications to be targeted to the
type of patients and lesions that would mostly benefit
from this biological approach for the treatment of the
articular surface. 
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