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Systematic Review

Platelet-Rich Plasma in the Pathologic Processes of Cartilage:
Review of Basic Science Evidence

Niall A. Smyth, M.D., Christopher D. Murawski, B.S., Lisa A. Rortier, D.V.M., Ph.D.,
Brian J. Cole, M.D., M.B.A., and John G. Kennedy, M.D., F.R.C.S.

Purpose: The purpose of this study was to systematically review the basic science evidence for the use of platelet-rich
plasma (PRP) in the treatment of pathologic processes of cartilage, both as an adjunct to cartilage repair and as
a conservative management strategy for osteoarthritis, with the intent of determining the effect of PRP and whether
a proof of concept for its use has been established to facilitate further investigation at a clinical level. Methods: Using the
terms “platelet-rich plasma OR PRP OR autologous conditioned plasma OR ACP AND cartilage OR chondrocytes OR
chondrogenesis OR osteoarthritis OR arthritis” we searched EMBASE and PubMed/Medline in Apxil 2012. Two authors
performed the search, 3 authors independently assessed the studies for inclusion, and 2 authors extracted the data.
Extracted data included cytologic analysis of PRP, study design, and results. Results: Twenty-one studies (12 in vitro, 8 in
vivo, one in vitro and in vivo) met the inclusion. criteria. The effects of PRP in these studies included increasing chon-
drocyte and mesenchymal stem cell proliferation, proteoglycan deposition, and type II collagen deposition. PRP was also
found to increase the cell viability of chondrocytes and the migration and chondrogenic differentiation of mesenchymal
stem cells (MSCs) and to inhibit the effect of catabolic cytokines. In vivo, PRP was used as an adjunct to concomitant
surgical management, including microfracture surgery and implant, scaffold, and graft insertion. Not all studies concluded
that PRP has a positive effect on cartilage repair. Conclusions: The current basic science evidence suggests that PRP has
several potential effects on cartilage repair and osteoarthritis, and a proof of concept has been established. Well-designed

randomized controlled trials (RCTs) are needed to extrapolate this evidence to the clinical setting.

latelet-rich plasma (PRP) is an autologous blood

product produced by the centrifugation of whole
blood, thereby yielding a concentration of platelets that
is increased to higher than baseline values.* The phys-
iologic role of platelets in the natural healing process
has led to the investigation of PRP as a treatment for
a variety of musculoskeletal indications.? In this regard,
PRP has been controversial because its widespread use
has continued for a myxiad of conditions without sup-
porting evidence established by high-quality random-
ized controlled trials (RCTs). To date, PRP has been
used in the orthopaedic setting to treat Achilles
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tendinopathy, anterior cruciate ligament tears, plantar
fasciitis, and epicondylitis, as well as to augment spinal
fusion, bone healing, rotator cuff repair, arthroplasty,
and cartilage regeneration.>*? Of these indications and
to our knowledge, only epicondylitis is supported by
consistent level I clinical evidence.*>*4

A recent meta-analysis by Sheth et al.** examined the
evidence for the use of PRP for orthopaedic indications.
The authors concduded that although there was a trend
In the literature favoring the use of PRP, an analysis
of the available evidence revealed uncertain results
because of a lack of standardization of outcome mea-
sures, PRP production, and investigative protocols.
Understandably, there has been a call for higher level
RCTs to establish the clinical efficacy of PRP. However,
before embarking on time-consuming and expensive
RCTs, there is a necessity to establish a proof of con-
cept for the use of PRP in each potential pathologic
condition.

Articular cartilage pathologic processes present ortho-
paedic surgeons with a difficult clinical challenge.
Cartilage provides a smooth gliding surface that uni-
formly distributes load over the surface of weight-
bearing joints, thereby facilitating normal joint motion.*®
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Once damaged, it has a poor potential for spontaneous
healing because of an inherent avascularity, leading to
focal cartilage lesions and osteoarthritis.*”*® This has
led to a mulfitude of surgical treatment modalities that
attempt to heal cartilage lesions through either repara-
tive or replacement techniques.®*° The surgical options
available, however, have produced suboptimal results,
partly because of the difficulty in stimulating cartilage
repair.>*”*7 This has led to research on the use of bio-
logical adjuncts that may improve cartilage repair,
including PRP.**%° Additionally, PRP has been investi-
gated as an intra-articular injection for the treatment of
cartilage lesions and osteoarthritis of weight-bearing
joints.**?%1 Despite this, there is no high-level clinical
evidence to support the use of PRP as an adjunct to
cartilage repair or as an intra-articular injection to treat
osteoarthritis. The aim of this study was to systematically
review the basic science evidence for the investigation of
PRP in pathologic processes of cartilage, including both
as an adjunct to cartilage repair and as a conservative
management strategy for osteoarthritis, with the intent
of determining the effect of PRP and whether there is
sufficient evidence to establish a proof of concept to
proceed with further investigation at a clinical level.

Methods

Literature Search :

Using the terms “platelet-rich plasma OR PRP OR
autologous conditioned plasma OR ACP AND cartilage
OR chondrocyte OR chondrogenesis OR osteoarthritis
OR arthritis” we searched the EMBASE (1974 to
present) and the PubMed/MEDLINE electronic data-
bases in April 2012. The reference lists of included
studies were also reviewed and compared with the
collected studies to ensure that no pertinent articles
were omitted.

Inclusion Criteria

Studies were included if they fulfilled the following
criteria: they (1) studied the effect of PRP or a similar
concentrated platelet product defined as a blood
product with platelet concentration elevated to highex
than baseline, (2) established a control with which
to compare PRP, and (3) were published in a peer-
reviewed journmal. All variations of PRP preparations
were included and comprised activated PRP, PRP
releasate, PRP gels, and nonactivated PRP liquid. All
review articles and clinical studies, including RCTs and
case series, were excluded from this review. Two
authors performed the literature search, and 3 authors
independently reviewed the search results. The title and
abstract were reviewed for all search results, and
potentially eligible studies received full-text review. All
3 assessing authors agreed on studies meeting criteria
for inclusion.

Records Identified through
database searching

Additional records Identified
through other sources

{n=468) {n=0)
Records after duplicates removed
{n=254)
Records screened Records excluded
{n=254) {n=220)

Full-text articles excluded,
with reasons
{n=13}

Full-text articles assessed
for eligibllity
(a=34)

Modified PRP {1)
Examining tissues other
than cartilage {8)
Not controlled for—PRP
was not an examined
varfable {2}
Revlew articles {2}

AN

Studles included in
qualitative synthesls
ln=21}

Fig 1. PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) flow diagram for literature
selection.”

Data Extraction

A standardized data sheet was developed and 2
authors extracted all pertinent information, including
cytologic analysis of PRP, study design, and results.

Results

After the removal of duplicates, the literature search
vielded 254 relevant citations. After abstract review,
220 articles were excluded because they failed to meet
the inclusion criteria. Of the 34 articles remaining
for full-text review, 13 were excluded because they
studied tissues and cells not relevant to cartilage
repair, did not control for PRP administration, or
were review articles (Fig 1). Thus, 21 studies vyere
determined to be eligible for inclusion.?? 2 There
were 12 in vitro 34373941434648-5052 .4 o ip
vivo????384042,4447,51 g1 dies. One study included both
in vitro and in vivo components.*” Table 1 describes the
in vitro and in vivo studies’ design and results.

Nineteen of the 21 studies (90.5%) reported the
method by which PRP was prepared. One study re-
ported basic cytologic analysis of PRP, including
platelet, white blood cell (WBC), and red blood cell
(RBC) counts. One study reported both platelet count
and WBC count. Thirteen studies reported platelet
count alone. Six studies (28.6%) made no mention as
to the composition of the PRP used (Table 2), Multiple
variations of PRP preparation were reported, including
activated PRP, PRP releasate, PRP gels, and nonacti-
vated PRP liquid.
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Table 1. Results of Systematic Review

3

Study

PRP Cytologic Findings
Lee et al.>? 2012

Study Design

N/A

Milano et al.>* 2012 Mean whole blood platelet

concentration: 428 = 96 x 10%/ml
Mean PRP platelet concentration:
868 & 112 x 10*/mL

Sitek et al.>* 2013 N/A

Kriiger et al.>® 2012 Platelet concentration range:

0.6-1.3 x 10'%/mL
Leukocyte concentration:
<0.3 x 10*/mlL

Park et al.>® 2012 Platelet concentration range:

6-10 x 10%/L

van Buul et al.>? 2011 Mean platelet concentration in

whole blood: 125 x 10%/mL
Mean platelet concentration in
PRP: 845 x 10%/mL
Mean WBC concentration in
whole blood: 5.55 x 10%/mL
Mean WBC concentration in
PRP: 36.57 x 10%/mL
Mean RBC concentration in whole
blood: 4,463 x 105/mL Mean RBC
concentration in PRP: 610 x 10%/mL

Lippross et al.>® 2011 Platelet concentration: up to 10%/uL

Cartilage lesion in rabbits (n = 4).

PRP combined with hydrogel and
chondrocytes v hydrogel and
chondrocytes alone, implanted in
defect site. Buthanized at 4 wk.
PCR for growth factors and cell
viability of chondrocytes in culture
assessed at 3, 7, and 14 d.
Cartilage lesion in sheep (n = 30),
Microfracture model in 2 groups.
Group 1 — 5 weekly injections
of PRP.
Group 2 — No further treatment.
Euthanized at 3, 6, and 12 mo.

Human chondrocyte + fibrinogen
graft v chondrocyte + fibrinogen +
PRP graft. Cultured for 3 wk.
Human subchondral progenitor cells
isolated postmortem. PRP-containing
serum separated from progenitor
cell—containing serum by porous
membrane,

Incubated for 20 h,
Progenitor cells cultured with 5%
PRP for 28 d.

Rabbit chondrocytes cultured in PRP
(1%, 5%, 10%, and 20%) and
assessed at 1, 3, 5, and 10 d.

Human osteoarthritic chondrocytes

cultured for 48 h with and without

IL-1B, with varying concentrations
of PRP (0%, 1%, and 10%).

Inflammatory arthritis model in

pigs (n = 15). Ten pigs immunized;

5 pigs nonimmunized controls.
Five treatment animals with
PRP injections at d 56 and d 70.
Animals euthanized on d 84.

Results
PRP enhanced chondrocyte
viability and maturation.
PRP upregulates SOX9, CB2, CHMI,
and aggrecan.

ICRS gross scores significantly
improved in PRP group at all time
points,

Modified O’Driscoll histologic scores
significantly greater in PRP group
at all time points, except hyaline
cartilage.

Significantly greater cartilage stiffness
in PRP group at all time points,
No difference in cell viability
between groups.

Cells viable throughout.

PRP stimulated migration and
chondrogenic differentiation of
human subchondral mesenchymal
progenitor cells.

PRP increased proteoglycan and

type II collagen deposition.

At 5% concentration, PRP increased
chondrocyte proliferation (40%) and
cell viability (100% increase),
increased aggrecan gene expression,
and increased mRNA expression of
TGF-f and BMP. PRP increased
staining for type II collagen
and safranin O,
PRP decreased IL-1B—mediated
inhibition of type II collagen and
aggrecan gene expression.
PRP decreased IL-1B—mediated
increase in ADAMTS and PTGS2.
PRP inhibited NF-kf activation by
IL-16.

Improvement in Goldberg score in
PRP-treated group, resulting in
reduced synovial hypertrophy and
leukocyte infiltration. Recovery of

safranin and type II collagen staining

with PRP.

PRP reduced IL-6 and VEGF staining

within cartilage and synovium in
PRP-treated joints,
Reduction in IL-6, VEGF, IGE-1,

and IL-1 concentration after injection

of PRP to control levels,

(continued)
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Table 1. Continued

Study PRP Cytologic Findings

Study Design

Results

Wu et al.’? 2011 N/A

Kon et al.*® 2010 Mean platelet concentration in
whole blood: 281 % 56 x 10> /UL
Mean platelet concentration in

PRP: 874 = 87 x 10%/uL

Bendinelli et al.*! 2010 On average, 8-fold increase in

platelet concentration

Milano et al.*? 2010 Mean platelet concentration in whole
blood: 351 = 64 x 10°/mL
Mean platelet concentration in PRP:

1,415 + 164 x 10*/mL

Spreafico et al.** 2009  Mean platelet concentration in whole
blood: 234 + 46.8 x 10%/uL
Mean platelet concentration in PRP:

1,460 & 292 x 10%/uL

Qi et al.** 2009 Mean platelet concentration in whole
blood: 2,44 £ 0.46 x 10°/uL
Mean platelet concentration in PRP:

18.25 & 1.21 x 10°/uL

Human chondrocytes cultured with
and without a collagen matrix and
with and without PRP. Inflammatory
environment created with addition
of IL-1P and TNE-o.

Osteochondral lesions in sheep
(n = 12), Bilateral osteochondral
lesion created in femoral condyles.
Three treatment groups: empty
defect, biomimetic scaffold,
biomimetic scaffold + PRP.
Buthanized at 6 mo postoperatively.

Human chondrocytes cultured with
NF-kf to stimulate inflammatory
environment.

PRP added to culture to examine
inhibitory effects on NE-kf.
Osteochondral lesions in sheep
(n = 15). Bight-millimeter
osteochondral lesion created in right
stifle joint and allowed to mature
over 12 mo. Reoperation at 12 mo
and animals divided into 3 groups:
microfracture alone, microfracture
with PRP gel, microfracture with
PRP liquid. Animals euthanized
6 mo postoperatively.
Human articular chondrocytes
cultured in monolayer with fetal
calf serum, human serum, or
1%, 5%, and 10% PRP or
platelet-poor plasma,
Culture assessed at 2, 9, and 20 d.
Chondrocytes also cultured on 3D
fibrin scaffold with 10% fetal calf
serum, PRP, or platelet-poor plasma,

Osteochondral lesion in rabbits
(n = 38). Full-thickness cartilage
lesions created in. 33 rabbit knees,
with treatment divided into 3 groups:
untreated, bilayer collagen matrix,
bilayer collagen matrix + PRP, Five
knees underwent sham surgery with
no defect creation to function as
controls. Animals euthanized at 6
and 12 wk postoperatively.

Cell viability increased in
a dose-dependent fashion
from PRP administration,

Cell proliferation reduction as a result
of IL.-1B, and TNE-o inhibited
by addition of PRP,
Inhibition of SOX9, type I collagen,
and aggrecan expression by IL-1B
and TNF-« was reduced by PRP,
PRP inhibited expression of
COX-2 and MMP-2.
Inhibitory effect of IL-1B and
TNF-o on proteoglycan and type IU
collagen deposition reduced by PRP.
Incomplete bone defect healing and
more irregular bone-cartilage
surface in PRP + scaffold
compared with scaffold alone.
Microradiographic evaluation
showed poorer bone regeneration
in PRP + scaffold compared with
scaffold alone.

Poorer histologic scores and type Il
collagen deposition in PRP + scaffold
compared with scaffold alone.
COX2 and CXCR4 activity decreased
by elevated HGF concentrations
in PRP.

PRP gel showed best macroscopic
healing, followed by PRP liquid.
Microfracture alone showed poor
lesion healing.

Mean stiffness of PRP gel—treated
lesion approximated normal.
Both PRP gel and PRP liquid groups
had significantly better histologic
scores than group treated by
microfracture alone.

PRP dose-dependent increase in
chondrocyte proliferation.
Increase in SOX9 and aggrecan gene
expression in PRP-treated cultures.
Increase in type II collagen
transcription in PRP-treated cultures.
Increase in proteoglycan deposition
in PRP-treated cultures.

No difference in histologic structure
between treatment groups, but
increase in proteoglycan and type II
collagen deposition.
Improved ICRS score in PRP +
collagen matrix—treated group
compared with other 2 groups.
Increased proteoglycan content in
PRP 4+ collagen matrix—treated
group.

No difference in biomechanical
stiffness between collagen matrix
alone group and collagen
matrix 4+ PRP group.

{continued)
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Table 1. Continued

5

Study

PRP Cytologic Findings

Study Design

Results

Saito et al.*® 2009

Pettersson et al.*® 2009

Sun et al.*” 2010

Mishra et al.*® 2009

Zaky et al.*? 2008

Drengk et al.”* 2009

Akeda et al.”’® 2006

Mean platelet concentration in
whole blood: 27.5 % 3.8 x 10%/jL
Mean platelet concentration in PRP:
1,081.0 & 149.9 x 10%/pL

N/A

Mean platelet concentration in whole
blood: 24.53 x 10%/pL
Mean platelet concentration in PRP:
125.59 x 10%/uL

PRP platelet concentration 700%
higher than baseline

PRP platelet concentration range:
1-1.8 million/pL

N/A.

Mean platelet concentration in whole
blood: 359 & 83 x 10%/mL
Mean platelet concentration in PRP:
1,399 = 174 x 10°/mL

Rabbit chondrocytes and rabbit
osteoarthritis model (n = 33). Rabbit
chondrocytes cultured in alginate
beads with FBS, PRP, or PPP for
3and 7 d.
Microspheres impregnated with PRP
injected into healthy rabbit knee
joints for PCR assay for ECM
gene expression.,
Osteoarthritis model created by
transecting anterior cruciate ligament
and then treated with injections of
PBS alone, PBS-containing
microspheres, PRP alone, and PRP-
containing microspheres at 4 and
7 wk postoperatively.
Human articular
chondrocyte—seeded gelatin
microcarriers embedded
and cultured in a static in
vitro model with 4 different
adjuncts: whole blood, PRP, PPP,
fibrin glue. Cultured for 4, 8, 12,
and 16 wk.
Osteochondral lesion in rabbits
(n = 24). Sixteen rabbits
underwent bilateral surgery
to create an osteochondral lesion,
which was then treated with
either a PLGA scaffold or PLGA
scaffold 4 PRP. Eight rabbits
underwent bilateral surgery for
osteochondral lesion creation;
however no treatment was
administered, Animals euthanized
at 4 and 12 wk postoperatively.
Human mesenchymal stem cells
cultured in 10% PRP or 10%
FBS for 21 d.

Human bone marrow stromal cells
cultured in 3 different mediums:
FBS + FGF, FBS + 5% PRP, and 5%
PRP alone. Cultured for 14 d,

Sheep chondrocytes and
mesenchymal stem cells cultured in 6
different cultures: 3D pellet culture
system, 3D pellet culture system +
PRP, cells suspended in fibrin clot,
cells suspended in PRP clot, cells
growing in monolayer, cells growing
in monolayer + PRP.
Porcine chondrocytes cultured for
72 h in 3 different mediums: SBE,
SBE + PRP, SBE + PPP.

Significantly increased
glycosaminoglycan production from
chondrocytes cultured in PRP
compared with PPP and FBS.
Increased levels of proteoglycan core
protein mRNA in PRP-injected
healthy rabbit joints.

Both PRP alone and PRP +
microspheres improved gross
histologic scoring, with PRP +
microspheres showing the
greatest positive effect,
Improved modified Mankin
score of groups treated with
PRP -+ microspheres and
PRP-treated group.

No statistically significant difference
in histologic characteristics or
proteoglycan deposition between
the 4 groups.

Significantly improved modified
O’Driscoll scores in PLGA +
PRP—treated group.
Increased proteoglycan deposition in
PLGA -+ PRP— treated group,
Increased type II collagen deposition
in PLGA + PRP— treated group.
Increased subchondral bone repair in
PLGA + PRP—treated group
as assessed by micro-CT.

PRP increased cell proliferation.
PRP increased expression of both
osteogenic and chondrogenic
markers; however much more
significant increase in SOX9 and
aggrecan (chondrogenic markers).
PRP culture showed increased
cell proliferation.
Increased chondrogenic
differentiation. observed in
PRP culture.

PRP increased cell proliferation of
both chondrocytes and MSCs.
Decrease in immunochistochemical
staining and mRNA. expression by
chondrocytes cultured with PRP.

PRP increased chondrocyte cellular
proliferation.

PRP increased proteoglycan synthesis
and total proteoglycan content.
PRP increased type I collagen

synthesis.

(continued)
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Table 1. Continued

Study PRP Cytologic Findings
Brehm et al.’ 2006 N/A

Results
Gross appearance ICRS scores were
improved in PRP + periosteal flap
compared with periosteal flap alone.
Mean histologic score was worse in
PRP -+ periosteal flap compared
with periosteal flap alone,

Study Design
Osteochondral lesions in goats
(n = 9). Two-stage procedure, first to
harvest chondrocytes to engineer
a cartilage construct, with a second
procedure to implant the construct
into defect. Four groups: implant
+ PRP, implant + periosteal flap
+ fibrin glue, implant + periosteal
flap + PRP, implant 4 periosteal
flap. Animals euthanized at 8 wk.
3D, 3-dimensional; BMP, bone morphogenetic protein; CT, computed tomography; ECM, extracellular matrix; FBS, fetal bovine serum; FGF,
fibroblast growth factor; HGF, hepatocyte growth factor; ICRS, International Cartilage Repair Sodety; IGF-1, insulin-like growth factor-1; IL-16,
interleukin-1p; IL-6, interleukin-6; N/A, not available; NF-kB = nuclear factor—kappa beta; PBS, phosphate buffered saline; PCR, polymerase
chain reaction; PLGA, poly(lactic-co-glycolic acid); PPP, platelet-poor plasma; PRP, platelet-rich plasma; RBC, red blood cell; SBF, serum free
medium; TGF-B, transforming growth factor-B; TNE-¢, tumor necrosis factor-o; VEGE, vascular endothelial growth factor; WBC, white blood cell.

In Vitro Studies

Of the in vitro studies (Table 3), 9 examined the effect
of PRP on chondrocytes (6 human, 2 rabbit, 1 porcine),
3 examined the effect on human mesenchymal stem
cells (MSCs), and 1 examined the effect on combined
chondrocytes and MSCs from sheep.

Three studies reported the effect of PRP on chon-
drocyte viability in vitro, with 2 concluding that PRP
increases cell viability (66%)>%>° and the other stating
that PRP had no significant effect.>* The effect of PRP on.
cellular proliferation of both chondrocytes and MSCs
was also assessed by 7 studies.>¢:394348-5052 geyen
studies (100%) determined that PRP causes a statisti-
cally significant increase in cellular proliferation.

The influence of PRP on the synthetic capability of
chondrocytes and MSCs was investigated in 7 stu-
dies.>%-3643.45,46,50,52 O these studies, 5 (71%) found that
PRP had induced statistically significant increases in
proteoglycan, glycosaminoglycan, and type II collagen
deposition.>>>64>4%50 Ope study (14%) reported that
PRP had no effect on proteoglycan synthesis.*® One ad-
ditional study (14%) found that chondrocytes cultured
with PRP show decreased type II collagen production.”

Gene expression was an outcome assessment in 3
studies. Two studies determined that PRP increased
expression of genes related to the synthetic capability of
chondrocytes, with upregulation of aggrecan, TGEB,
bone morphogenetic protein, and $0X9.>¢** One study
found that PRP decreased collagen I mRNA expression
in chondrocytes.*?

A single article reported the effect of PRP on migra-
tion of human subchondral progenitor cells and found

Table 2. Reporting on Cytologic Analysis of PRP

Reported Studies Not
Component Studies (No.) Reporting (No.)
Platelet 15 6
White blood cells 2 19
Red blood cells 1 20

PRP, platelet-rich plasma.

that PRP increased migration.>® The influence of PRP
on the differentiation of MSCs was also assessed by 3
studies. Bach of these studies concluded that PRP
increased chondrogenic differentiation.>>484°

Three studies examined the effect of PRP on chon-
drocytes cultured in a simulated inflammatory environ-
ment. An inflammatory environment was created by
culturing chondrocytes in the presence of interleukin
(IL)-1B, tumor necrosis factor (INF)-o. plus IL-1PB, or
nuclear factor—kappa beta (NE-kf).>”>**! The first of
these studies found that PRP partially decreased the
inhibitory effect of IL-1B on type I collagen and aggre-
can gene expression in chondrocytes. In addition, PRP
lessened the increase in ADAMTS and PTGS2 expression
caused by IL-1B.>” Wu et al.>® assessed the effect of PRP
on chondrocytes cultured with IL-1 and TNF-¢. and
concluded that PRP prevented the inhibition of C0X9,
type I collagen, and aggrecan expression, resulting in
a moderate increase in proteoglycan and type II collagen
deposition. The third article simulated an inflammatory
environment by culturing chondrocytes with NF-kf and
found that PRP decreased the inflammatory-mediated
increase in COX2 and CXCR4 activity.*!

In Vivo Studies
Por the in vivo studies (Table 4), multiple animal models
were used, including rabbit (4), sheep (3), pig (1), and

Table 3. Results Reported In Vitro

Significant No Significant  Significant
Increase Change Decrease
Outcome (No.) (No.) (No.)
Cell viability 2 0 0
Cell proliferation 7 0 0
Proteoglycan and type II 5 1 1
collagen content
Gene expression 2 0 1
Cell migration 1 0 0
Cell differentiation 3 0 0
Inflammatory mediation 3 0 0
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Table 4. Results Reported In Vivo

Significant No Significant Significant

Increase Change Decrease
Qutcome (No.) (No.) (No.)
Cell viability 1 0 0
Gene expression 2 0 0
Gross appearance 3 0 1
of cartilage repair
Histologic assessment 4 0 2
of cartilage repair
Proteoglycan content 2 0 0
Collagen type I deposition 2 0 1
Cartilage stiffness 2 0 0
Inflammatory mediation 1 0 0

goat (1). Seven of the studies used PRP as an adjunct to
the treatment of a focal cartilage lesion >*3>40:424447,51
One study used PRP as a primary management strategy
for an inflammatory arthritis model,>® whereas another
study used it in an osteoarthritis model.*>

Cartilage Repair. Six studies described the effect of PRP
on the histologic appearance of the articular cartilage
repair. Pour (66.7%) concluded that PRP improved the
histologic appearance of the cartilage,>* 42444547
whereas 2 reports stated that it worsened the histologic
scores when compared with not using PRP.“%! Gross
appearance of articular cartilage was assessed by 4
studies, with 3 (75%) concluding that PRP improved
the gross appearance,®>**>! and one reporting that PRP
worsened the gross appearance.*®

Proteoglycan content of cartilage repair tissue was
assessed histologically in 2 studies, with each reporting
that PRP increased the proteoglycan content of the
cartilage tissue.***>*7 Additionally, type II collagen
content of cartilage repair tissue was measured by 3
studies, with 2 (66.6%) concluding that type II collagen
content was increased with the administration of
PRP.>*47 One study stated that PRP decreased type I
collagen content of cartilage repair tissue.*°

The effect of PRP on the stiffness of the cartilage
repair was measured by 2 studies, both of which
determined that PRP increased cartilage stiffness.>>** A
single article studied the influence of the PRP on gene
expression, finding that PRP increased expression of
S0X9, CB2, CHMI, and aggrecan genes.>?

Table 5. Analysis of Platelet-Rich Plasma

Platelet, white blood cell,
red blood cell
Growth factors: induding but not
limited to TGF-B, PDGF, and VEGF
Cytokines: including but not limited
to IL-1, IL-6, TNF, IRAP
IL, interleukin; IRAP, interleukin receptor antagonist protein; PDGF,
platelet-derived growth factor; TGF-B, transforming growth factor-f;
TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor.

Required concentrations to be
reported

Optional concentrations
to be reported

Osteoarthritis and Inflammatory Arthritis. One study as-
sessed the effect of PRP in an osteoarthritis model,
evaluating the intra-articular proteoglycan core mRNA
level, as well as the gross and histologic appearance of
the articular cartilage. The authors concluded that PRP
increased the proteoglycan core mRNA levels and
improved the gross and histologic appearance of the
cartilage.*

The effect of PRP in an inflammatory arthritis model
was also assesséd by one study. The article reported the
histologic appearance of the synovium; histologic
staining results for proteoglycans, type I collagen, IL-6,
and vascular endothelial growth factor (VEGF); and
multiplexing assay results for IL-6, VEGF, and IL-1. PRP
was found to reduce synovial hypertrophy, increase
proteoglycan and type I collagen staining, decrease
-6 and VEGR staining, and reduce II-6, VEGE,
insulin-like growth factor (IGF)-1, and IL-1 intra-
articular levels as measured by multiplex assay.>®

Discussion

The in vitro and in vivo basic scence literature indi-
cates that PRP has several potential effects when used in
an Investigational setting as an adjunct for cartilage
repair or for the conservative management of osteoar-
thritis. Most studies (71%) concluded that PRP increases
the synthetic capacity of chondrocytes, including upre-
gulation of gene expression, proteoglycan production,
and deposition of type II collagen.>®***#547:5% 1 creasing
the proteoglycan and type II collagen content in repair
tissue may be of benefit in bone marrow—stimulation
techniques (e.g., microfracture). The tissue infill after
bone marrow stimulation has been shown to be com-
posed of primarily type I collagen and poorer proteo-
glycan and type II collagen content than found in normal
cartilage.”’*>’ Therefore, the fibrous repair tissue shows
inherently poorer biological and mechanical properties
than does hyaline cartilage, causing possible degenera-
tion over time.”® The basic science evidence indicates
that PRP may induce a more hyaline-like repair tissue
after bone marrow stimulation procedures by increasing
proteoglycan and type II collagen deposition by chon-
drocytes. However, the in vitro consensus is not unani-
mous; Pettersson et al.* found that PRP did not increase
proteoglycan content and Drengk et al.”? found that PRP
decreased collagen type II deposition by chondrocytes.

Increases in chondrocyte viability>>>%3° and prolifer-
ation®®?%4%30°2 resulting from PRP may also prove
beneficial in cartilage repair. Decreases in chondrocyte
viability, which have been shown after osteochondral
autograft implantation®® secondary to storage of osteo-
chondral a]lografts,59 have the theoretical potential to be
countered by the effects of PRP. Additionally, increasing
chondrocyte proliferation may benefit techniques that
involve the implantation of autologous chondrocytes.®°
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PRP may influence cartilage repair after bone mar-
row stimulation through its potential effect on
MSCs.>>#84952 With the purpose of bone marrow
stimulation being to breach the subchondral plate, thus
stimulating an inflammatory response and migration of
subchondral-derived MSCs, an effect of PRP on MSCs
may influence the resulting quality of cartilaginous
repair tissue. In this regard, Kriiger et al.>®> found that
PRP increases the migration and chondrogenic differ-
entiation. of MSCs. Additionally, there is also evidence
indicating that PRP increases the proliferation and
synthetic capability of MSCs.>**%#%32 The potential
influences of PRP on MSCs are not limited to bone
marrow stimulation; they may also be translated to
novel cartilage repair strategies, including autologous
culture—expanded mesenchymal stem cell implantation
and autologous matrix—induced chondrogenesis.®*?

The catabolic intra-articular environment existing in
the presence of pathologic processes of cartilage may also
be influenced by the administration of PRP. The pres-
ence of catabolic cytokines (e.g., IL-1p and TNF-o)
increases the activity and levels of matrix metal-
loproteinases, ADAMTS, and elastases by both synovial
cells and chondrocytes. This may then potentially cause
progression of osteoarthritis and inhibition of production
of regenerative tissue in cartilage repair.®*®* Interest-
ingly, the in vitro literature reports that PRP partially
inhibits the catabolic effects of IL-1B, TNF-¢, and NE-kf3
on chondrocytes.>”>%#! Van Buul et al.*” found that PRP
decreased IL-1B—mediated inhibition of type I collagen
and aggrecan gene expression and also decreased the
IL-1P—induced increase of ADAMTS4 and PTGS2 gene
expression. This has been extrapolated to an in vivo
inflammatory arthritis model in pigs by Lippross et al.>®
The investigators found that the administration of PRP
caused a moderate recovery of type II collagen lost to
inflammation and also reduced IL-1f levels, synovial
hypertrophy, and leukocyte infiltration.

The in vitro findings have been somewhat corrobo-
rated in the in vivo models using a variety of modalities
for cartilage repair. Milano et al,?** in 2 separate
studies, reported improved gross and histologic find-
ings, as well as increased type II collagen deposition,
when using PRP as an adjunct to microfracture surgery
for osteochondral lesions. Similar results have been
described when using PRP in conjunction with a poly
(lactic-co-glycolic acid) (PLGA) scaffold,*” collagen
matrix,** and autologous chondrocyte implantation.>?
However, not all studies have reported a favorable
outcome as a result of the administration of PRP. In
a sheep osteochondral lesion model treated with
a biomimetic scaffold, Kon et al.,*® concluded that the
addition of PRP resulted in a poorer histologic outcome.
This may be attributed to the chemical composition of
the implant, because differing biomaterials have been
shown to affect the activation of platelets.®>™”

Limitations

A key limitation of this review is that most of the
studies failed to adequately characterize the contents of
the PRP used, with only one report (4.8%) describing
the platelet, WBC, and RBC counts.>” Furthermore, 6
studies (28.6%) failed to make any mention of the
platelet concentration of the PRP 323439465152 pyyje 1o
this lack of reporting, it was not possible to draw
conclusions on the effect of the varying concentrations
of the constituents of PRP. Additionally, Castillo et al.®®
found that the contents of PRP vary significantly
depending on the centrifugation system used. Com-
pounding this issue, in a study by Mazzocca et al.%” the
authors drew blood from 8 healthy individuals at 3
different time points, and after centrifugation to
produce PRP, they measured the concentration of
platelets, WBCs, and growth factors. The results
showed that the levels of the bioactive components in
PRP show both inter- and intra-individual variability.
Therefore, when investigating the effects of PRP, it is
not sufficient to simply describe the preparation
method and label the blood product as PRP.”® To
compare the results of different studies assessing the
use of PRP for any orthopaedic indication, a basic
cytologic analysis of PRP is a necessary requirement
(Table 5).

The limitations inherent to in vivo animal studies, and
thus this systematic review, are numerous and often
specific to the type of animal model used. First, cartilage
lesions created in animal models (e.g., rabbits) are
smaller than the size of the commonly treated lesion in
humans.”! Additionally, joint loading conditions differ
between humans and animals because of varying
cartilage thickness and anatomic differences. As an
example, the rabbit, which was used in 4 of the studies
included in this systematic review, uses the trochlear
groove as a partial weight-bearing surface because of
the flexed position of the knee and has a cartilage
thickness of 0.3 4 0.07 mm at the medial femoral
condyle.” Furthermore, and specifically relevant to the
study of PRP, the physiologic parameters and cytologic
characteristics of blood and platelets may differ between
animals and humans.”! As a result of these limitations,
it is challenging to extrapolate the results to clinical
practice. Nevertheless, it is accepted that in vivo
research is useful to investigate the proof of concept for
experimental treatments, and therefore well-designed
clinical trials are needed to translate this evidence to
clinical use.

Conclusions
The current basic science evidence suggests that PRP
has several potential effects on cartilage repair and
osteoarthritis, and proof of concept has been estab-
lished. Well-designed RCTs are needed to extrapolate
this evidence to the clinical setting.
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