Special Focus Section

Role of Platelet-Rich Plasma in Articular Cartilage
Injury and Disease

Randy Mascarenhas, MD, FRCSC!
Brian ]. Cole, MD, MBA'

TDepartment of Orthopedic Surgery, Rush University Medical Center,

Chicago, lllinois

2Cornell School of Veterinary Medicine, Ithaca, New York

] Knee Surg

Abstract

Keywords

[ =

\

Y

articular cartilage
osteoarthritis
platelet-rich plasma

Bryan M. Saltzman, MD' Lisa A. Fortier, PhD, DVM?2

Address for correspondence Brian ]. Cole, MD, MBA, Department of
Orthopedic Surgery, Rush University Medical Center, 1611 West
Harrison Street, Suite 300, Chicago, IL 60612

(e-mail: brian.cole@rushortho.com).

Clinical and laboratory research aimed at biological approaches to cartilage repair are
currently in high demand due to the poor regenerative capacity of articular cartilage in
the setting of a diseased articular environment. Platelet-rich plasma (PRP) takes
advantage of supraphysiological concentrations of platelets and their growth factors
harbored in o-granules, which together attempt to return the diseased articular
cartilage to a preinjury state. The local use of PRP directly at the site of cartilage injury
is thought to stimulate a natural healing cascade and accelerate the formation of
cartilage repair tissue. This article provides an overview of the basic science behind the
use of PRP in the treatment of cartilage injury and disease. Both initial and current
examples of the use of intra-articular PRP in clinical human studies are provided. These
include the use of PRP either alone or as an augmentation device with various other
procedures, including arthroscopic microfracture and cell-free resorbable polyglycolic
acid-hyaluronan implantation. Finally, the authors describe some of the potential future
roles of PRP in clinical settings based on recent literature. These include Achilles tendon
rupture, chronic tendinosis, chronic rotator cuff tendinopathy or tearing, muscle injury,

=~ PRP and meniscal repair.

The articular cartilage in the setting of a diseased articular
environment has very poor regenerative capacity. Thus,
clinical and laboratory research aimed at biological ap-
proaches to repair cartilage injury using growth factors
provides promise for the treatment of disabling articular
cartilage disease. Growth factors are naturally occurring
substances—often proteins or steroid hormones—that are
capable of stimulating cellular differentiation, growth or
proliferation while serving an important role in regulating
various cellular processes. Numerous growth factors have
quantitative and temporal effects on articular cartilage
growth including transforming growth factor-f1 (TGF-B1),
bone morphogenetic protein-2 and -7, insulin growth factor-
1, fibroblast growth factor-2 and -18 (FGF-2, FGF-18), vascular
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endothelial growth factor (VEGF), epidermal growth factor
(EGF), and platelet-derived growth factor (PDGF). Many of
these factors are found stored in the a-granules of platelets,
including VEGF, TGF-B, EGF, FGF, and PDGF. Independently,
these factors serve to promote local angiogenesis, modulate
inflammation, inhibit catabolic enzymes and cytokines, re-
cruit local stem cells and fibroblasts to sites of damage or
injury, and induce healthy nearby cells to manufacture great-
er numbers of growth factors.! In combination, these proa-
nabolic and anticatabolic effects attempt to return injured or
diseased articular cartilage to its preinjury state. Platelet-rich
plasma (PRP) is a sample of plasma with a supraphysiological
concentration of platelets manufactured to harness and un-
leash these anabolic effects on injured or diseased cartilage in
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an effort to augment cartilage regeneration. Platelets and
their associated cytokines and growth factors comprise the
workhorse of the biological mixture, although the plasma
contains valuable biological molecules also involved in injury
repair.

Basic Science behind Platelet-Rich Plasma

Osteoarthritis is a chronic degenerative joint disease in which
the catabolic activity that becomes favored within chondro-
cytes leads to eventual articular cartilage wear.? Cartilage has
an extremely limited ability for self-repair given its avascular-
ity>; thus, the traditional inflammatory repair process does not
contribute to the healing response in the setting of cartilage
injury as it has no means to travel to the locally affected tissue.
The rationale for the use of PRP is that the supraphysiological
release of platelet-derived factors at the direct site of cartilage
injury or disease can stimulate the natural healing cascade and
tissue regeneration.? Platelet activation leads to a release of the
aforementioned growth factors and hundreds of others from
its a-granules to promote cartilage matrix synthesis, increase
cell growth, migration, and phenotype changes, and facilitate
protein transcription within chondrocytes.>® The chemoat-
tractants stored in platelets draw proteins, such as fibrinogen
and fibrin, the latter of which acts as an initial scaffold for stem
cells to migrate and differentiate. Generally, basic science
evidence has demonstrated the ability of PRP to increase
mesenchymal stem cell and chondrocyte proliferation, deposit
type Il collagen and proteoglycan.”® This in theory may
accelerate the formation of cartilage repair tissue.

The abundance of platelets in PRP increases the concen-
trations of relevant substances locally leading to a sustained
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effect on articular cartilage. The transcription of many degra-
dative cytokines including interleukin-1B, tumor necrosis
factor-a, and interleukin-6 are under the upstream control
of nuclear factor KB (NF-KB), and the a-granule contents in
platelets inhibit this catabolic pathway on the downstream
end and prevent the otherwise detrimental effects on articu-
lar cartilage changes in the process of osteoarthritis.’"’
Activated PRP increases in vitro levels of hepatocyte growth
factor, which enhances cellular IkBa expression and subse-
quently disrupts the NF-KB transactivating activity. It does so
via NF-KB-p65 subunit cytosolic retention and nucleocyto-
plasmic shunting, thus decreasing its downstream proinflam-
matory effects.’> PRP additionally has antinociceptive and
anti-inflammatory properties, which result from the ability
of PRP to decrease synoviocyte matrix metalloproteinase-13
expression as shown in cartilage explant studies, which
would otherwise have a primary role in cartilage matrix
degradation while undergoing osteoarthritic changes. The
same research demonstrated significantly increased hyalur-
onan synthase-2 expression in PRP-treated samples, which is
an enzyme known to produce large hyaluronic acid (HA)
isoforms and thus contribute to the cartilage construct
(~Fig. 1)." Of final note, PRP decreases the expression of
cyclooxygenase-2 and chemokine-receptor CXCR4 target
genes which may regulate local inflammation when used in
the setting of articular cartilage injury.'?

Platelet-Rich Plasma in the Treatment of
Articular Cartilage Injury

Preclinical animal studies on PRP have appraised its utility in
both in vivo and in vitro repair of focal cartilage lesions and
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Fig.1 The PRP activation pathway. EGF, epidermal growth factor; HGF, hepatocyte growth factor; IL, interleukin; MMP, matrix metalloproteinase;
PRP, platelet-rich plasma; TGF, transforming growth factor; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor.
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osteoarthritis therapy.” Many of the early clinical human
studies have reported on PRP use in the treatment of osteo-
arthritis, with specific focus on the ability of PRP to achieve
patient-reported improvements in pain and symptoms dur-
ing the treatment of such articular cartilage pathology
(=Table 1).

Arandomized double-blinded study of 78 total patients by
Patel et al'® demonstrated that PRP injections into the knee of
patients with mild or moderate osteoarthritis produced
higher Western Ontario and McMaster Universities Arthritis
(WOMAC) subjective knee symptom scores when compared
with a saline injection control cohort. Filardo et al'* prospec-
tively evaluated 91 patients who received three PRP injec-
tions every 3 weeks for degenerative osteoarthritic knee
chondral lesions and reported a median duration of improve-
ment of 9 months. Outcome measures were still improved
from baseline at 2 years but were not maintained at the same
level as the 1-year level of improvement, thus leading the
authors to question the long-term efficacy of PRP. The re-
search team also determined that superior results were
gathered from younger patients and those with less cartilage
degradation. Kon et al'® prospectively followed 100 patients
with degenerative chondral lesions and osteoarthritis who
received three PRP injections every 3 weeks, and similarly
reported superior responses to treatment in younger patients
and a decrease in the improvement of outcomes at 1 year
following injections when compared with the results at
6 months. Sampson et al'® prospectively followed 14 patients
with knee osteoarthritis treated with three PRP injections at
4-week intervals and reported significant improvements in
pain and symptom relief in the majority of patients at
12 months postinjection as per Knee Injury and Osteoarthritis
Outcome Score (KOOS) and Brittberg-Peterson visual analog
scale (VAS) scores.

Filardo et al'’ compared PRP to HA injections in the
treatment of knee chondropathy or osteoarthritis and re-
ported a trend toward favorable outcomes in the PRP group at
1-year follow-up for patients with low-grade articular de-
generation, but no superiority to HA injections in middle-
aged patients with moderate signs of arthritis. By contrast,
significantly better results in WOMAC index and Numeric
Rating Scale scores were recorded in patients receiving three
PRP injections as compared with HA injections for knee
osteoarthritis at 3- and 6-month follow-up, as per the find-
ings of Spakovi et al.’®

Gobbi et al* treated 50 patients with knee osteoarthritis
using two intra-articular injections of autologous PRP and
reported significant improvements in all outcome scoring
scales at both 6- and 12-month follow-up with 100% return to
previous activities. These results were irrespective of wheth-
er or not the patients had undergone previous operative
intervention for cartilage lesions (cartilage shaving and/or
microfracture). Total 50 consecutive patients with grade II or
Il chondromalacia underwent 1 year of treatment with nine
PRP injections by Hart et al,'® with the results demonstrating
significant improvements in all measured outcome scores.
Magnetic resonance imaging determined that despite the
reduced pain and improved quality of life in these patients,
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there was no significant cartilage regeneration. Jang et al?°

prospectively evaluated 65 patients suffering from osteoar-
thritis treated with intra-articular PRP injection; their results
showed statistically significant improvements in several out-
come scores, but pain relapsed at an average 8.8 months after
the procedure. Increased age and the presence of patellofe-
moral joint degeneration worsened the outcomes with PRP in
this study. Similarly, Kon et al®' reported on 50 patients with
degenerative cartilage lesions of the knee and severe osteo-
arthritis who were treated with three autologous PRP intra-
articular injections and found that PRP had longer therapeu-
tic efficacy than HA injections in comparable demographic
cohorts. As with many of the aforementioned clinical studies,
superior results were reported in younger and more active
patients with a lower degree of cartilage degeneration.

The variety of techniques for PRP production has also been
compared in patients with degenerative knee cartilage le-
sions and osteoarthritis. Filardo et al?> compared 72 patients
treated with three injections of PRP prepared with a single-
spinning procedure (plasma rich in growth factors [PRGF]) to
an equal number of patients treated in similar fashion with
PRP prepared with a double-spinning approach. The authors
reported statistically significant improvements in subjective
knee clinical outcome scores at 2-, 6-, and 12-month follow-
up, particularly in younger patients with a lower degree of
cartilage degeneration. There were no differences in the
comparative analysis of the two groups at these follow-up
outcome time points, although a significantly larger number
of double-spinning PRP injections produced transient local
pain and swelling reactions.

While most clinical studies on PRP have evaluated its use in
patients with chronic degenerative cartilage disease, a single
case report from Freitag et al?> found good efficacy for a
course of photoactivated PRP injections in a 38-year-old
patient with a traumatic focal chondral lesion of the knee
from a basketball injury. Another case reported by Sanchez
et al®* reported accelerated articular cartilage healing and
excellent symptomatic improvement in a patient with a
nontraumatic knee cartilage avulsion injury treated by ar-
throscopic reattachment supplemented with PRP injection.

PRP has recently been studied as an augmentation device
with various other cartilage procedures for the purpose of
osteochondral lesion treatment with early reports of success
(=Table 2). Guney et al?® evaluated treatment for osteochon-
dral lesions of the talus by comparing arthroscopic micro-
fracture alone to that augmented with PRP injection on the
1st postoperative day. The latter cohort of patients had
significantly superior American Orthopaedic Foot and Ankle
Society (AOFAS) scores, Foot and Ankle Ability Measure
(FAAM) overall pain domain and 15-minute walking domain
subgroup scores, and VAS pain scores in comparison to
isolated arthroscopic microfracture. Siclari et al?® reported
significant KOOS improvements in all subcategories after
treatment of focal knee chondral defects with a cell-free
resorbable polyglycolic acid-hyaluronan implant immersed
with autologous PRP after bone marrow stimulation via
subchondral drilling. The improvement seen at 1 year post-
operatively was still present at 2 years after the surgery, with

The Journal of Knee Surgery



Mascarenhas et al.

Role of PRP in Articular Cartilage Injury and Disease

ym syuanzed ur Asediyye pey dyd
s3ynsas [eaiulp bul
-beinodua ym pajes|ol-|jam si did

sa1jIAde snoiadld 03 paulnial syuaied |y

dn-mojjoj ow-z| pue -9 38 (OaMI)
91025 aw023n0 Juedyiubis yum syuapned ||y

you :A31jenb a3ho03na7
pooj|q sjoym
J0 %00 3unod |1d

VO
99wy yum sjuailed og

{ :92U3PIAD JO [N
Apnis
10yod aAidadsold

HIe 3@ 19900

VO 93wy jo sabeis
[B1UI Y] Ul 9A11IY4D “3JeS S| d¥d

dn-moj|o}

ow-g pue -¢ 3e dnoub dyd uil sa10ds

SYN pue xapui JYINOM J3ybiy Ajzuesyiubis
SJU9AS 9SI9APE 919AaS ON

you :A31jenb a3ho03na7
an|eA poo|q 3joym
30 %0S¥ 3unod |1d

suonaful Apjeam

€ J0 3242 e y3M pajeal|
ddd yum pajean 09
VH Yum pajeal; 09
(€-1 sapetb) vo

99Wy y3m sjuazed oz

T :92USPIAD JO [9AIT]
dnoib

[043U0D yum ‘Apnis

110402 aApdadsold

gl 3 enoyeds

VO 9A13e19uabap

apelb-moj| ur s3nsalt buisiwold 1o
VO 1esapow yym syuaijed pabe
-9|PpIW 10§ YH ueyl 19313139 30U SI d¥d
dn-mojjo} A-| 03 dn jusawanoiduwi
|ea1ulpd Juediiubis 19440 suondalul 4¥yd

sdnoib dyd pue vH

U93M33q S2.02S Ul 92UJa4Ip 3uedyiubis oN
dn-moj||0} ow-g | pue ‘-9 -z

18 S9W033N0 Ul JuswaAoidwi Juesyiubis
VH <

d¥d ut uoizoeal uied aadafunsod 1aybiy
suoniedidwod Jolew oN

an|eA poojq 3joym

40 9%00G 3unoo |1d
you :A31jenb a3ho0na
juasatd HgM

suonalul Apjsam

€ J0 3]2A B yuM pajeal]
d¥d Yyam pajean g
VH Yyim pajean gg

VO 93uy|

yum syuaized 303 601

Z :9DUDPIAI JO [9AT]
dnoib

[013U0D yum ‘Apnis

110y0d 3Adadsold

;118 32 opej4

3sn d¥d 104 9yo.d A3a4eS poon
3sn d¥d 104 SpUIY YISO

dn-moj|o}

A-| 3B 9WO023IN0 3|qeIOAR} YIIM %79

(SVA ‘S00M) dn-mojjoy A-|

]je sawod3no ul mucmc._w>o\_n_c.__ ucmu_.tcm_m
SJU9AQ 9SI9ApE ON

Yo :A3jenb 33h503n91
pajiodal jou Junod |7d

()M fb~) suo3daful
d¥d JejndnJe-enul |e3o}
931U Yyum paiean ||y
VO

99Wy yum sjuaned 4|

{ :92U3PIAD JO [N
Apnis
1Joyod anpdadsold

gl2 3 uosdwes

uoljesauabap Jejndie 19mo|
‘syuaied 1abunoA uy synsal Joiadng
94| 40

Ayenb pue uonduny aauy sanoiduwl
pue ‘uied sadnpal ‘94es SI d¥yd

dn-moj|0} oWz | 03-9 WO} paul|Iap s}nsay
(SVA 03 D)

dn-mojjoj ow g -9 03 aulaseq Woly
pano.dwi Apuedsyiubis sa103s [ediulpd ||y

S/N :A31jenb 334503n37
S9N|BA POO|q 3|OYM
40 %009 3uUnod 17d

(s5m ¢b) suodalul
d¥d Jejndn.e-elul |30}
931U} Yy3m paieaty ||y
(soauy|

VO 61 1) sjuaned ool

{ :92U3PIAD JO [N
Apnis
1Joyod anpdadsold

m—_m Jo Uo)|

wi1a3-buo| ay3 ut synsal a|qeinp ssa7
w133 -3Joys ul 34| jo Ajjenb sanoiduwi

ow

6 :3uawanolduwi |B31UlD UOIIBINP UBIPIIA
uoijelauabap abe|i3led jo saaibap

1amo] ‘syuanzed 19bunoA 1oy synsal 193399
dn-mojjo} ow-z |

03 309dsal Y3IM pauadsiom ||B sawod3InQ

S/N :A3jenb 334503n37

(s)m ¢b) suonaaful
d¥d Je[ndnJe-elju; |30}
991Y3 Yy3Mm paieaty ||y

{7 :9OUSPIAD JO |9AI]

‘uonpduny aawy sanosdwi ‘uted sednp auleseq ym patedwod San|eA poo|q 3joym (seauwy Apnis
-31 suonaful dyd yim uawneal] | dn-mojjo4 ow-iz 38 panoidul ||e S9W03IN0 J0 %009 3unod J1d VO tL1) sauanned o6 110y02 aAdadsoud 12 39 Op.e|4
suol3ed||dwod pjiw (Jo13uod)

suondalul

0M] SB 9AI1D3}43 Sse asop 3|buls
oW 9 I33je paul|d3p SHNSAY
[013u0> 03 paledwod

s3jnsat Jouadns Apuedyiubis pey
d¥d yum paiealy sdnoib yjog

yam g dnoldn Jo %t f(Ssaulzzip ‘essneu)
suoneddwod pjiw yum v dnoin Jo %z°zZ
Z 9pedb ueys 133399 saauwy| | apelb ypeqyy
>99M [euly ay3 3e burus

-s1om 1ybijs 3nq dn-mojjo} owr g 03 buizse)
M €~z ulyum g ‘v dnoun ur Apuesyiubis
pano.duwi sia3aweled JYINOM |IV

S9N[BA PO0|q 3|OYyM

40 %00¢€ 3unod |1d
Jood :A31jenb 334003 N9
pa19ljy-DaM

uo1323(ur auljes ajbuis
‘saauy YO 9% D dnoin
1ede sym

€ 3e suonda(ul did omy
‘s9auy YO 06 :g dnoin
uodafur dyd a|buis
‘s99Wy YO ¢§ v dnoin

| :9DU3PIAD JO [9ADT]
(el
P3||0J3u0d paziwopuey

¢1[B 39 |91ed

suoisnpuo)

s} nsay

junod 39p93e|d did

Spoy1aN\

ubisap Apnis

S9dUal9}9Yy

oseasip Omm__u—._mu ul oasn mEmm_n_ _\_u_._uuw_mum_n_ p=3e|os| JO salpnjs aWw0d3no |esiul) L ajqeL

The Journal of Knee Surgery



Mascarenhas et al.

Role of PRP in Articular Cartilage Injury and Disease

"XSPU| SIHIYIY SDIHSISAIUN JSISBADIA PUB OLIBIUQ UIBISIM “DVINOM ‘9]eds Bojeue

[BNSIA ‘SYA ‘A1aAs ‘b tewse|d yoi-3aja3e|d ‘d¥d (SIIIYIIE03ISO ‘YO payidads jou ‘S/N 3yblam moj| ‘AT 9933WILLIOD) UOIFRIUSLLINIOQ 33Uy [BUOIRUIAIU] ‘DA 3YB1am ybiy ‘AH ‘pIoe dluoinjeAy “yH :SuoleiAa1qqy

VO }0 33163p mo|
ym sjuanzed 13bunoA ur synsal 3saq
yum quawaaosdul jedtund Juedyiubis

4D¥d uey3 buijjams
10 ured a1ow paosnpoud suordaul dyd

dnoub dyd ui syuans (uted ‘buijjams)
9SJaApE [BD0] Joujw tow Ajjuedyubis
dn-mojjoy A-|

JO 951N02 Y3 19A0 S210IS SWOIINO JO SLLIIY
ur Apuesyiubis panosdwir sdnoib yjog

(buruuids-sjgnop) 1ood

*SA (Bbuluuids-a|buis)
you :Aqenb 234503097
pa1lodal jou unod |1d

(s5ym gb) suondaf

-ul Je|Nd[3Je-e.jul |30}
931Y3 Yyum pajean ||y
(Buruuids-sjgnop)

ddd YIm pejeany 7/
(Buruuids-a|buis)

41D¥d Yim pajeal g/
VO

29w yam sjuaned pi|

{ :92U3PIAD JO [N
Apm3s 310402 uos
-liedwod ‘andadsold

2zI® 19 opde|4

VO Al1es yam sjuaized bunoA
‘9A130B 31OW U] S}NS3J 191399 pey did
uted ‘swoydwAs buonpai

suoIs9| [BIpuoyd ‘YO

A1ea yum syuaned 1abunoh ul yH < d¥d
VO padueape ul pue ‘pjo A 0g < sjuaned
Ul JBjIWIS SIUSWIRaI] YH MT PUB d¥d
dnolb dyd ul synsai

193399 Appueoyiubis ‘dn-mojjo} ow-9 3y
VH MH uey3 aiow paroidwi

S/N :Aujenb a34503na7]
poo|q 3joym

(s5m ¢b) suondaf

-ul Je|nop.e-eljul [e303
931Y3 Yum pajean ||y
(Jo13uod)

VH MH Yim pajeasy 0
(Jos3u0d)

VH M1 Yim pajesqy 0§
ddd YIm pajessy 09
VO

Z 19JUIPIAI JO [9A]
dnoub
[043U0D Yum ‘Apnis

ul sdnoub j013u0d 03 Jo113dns sem d¥d | sdnoib yH AT Pue d¥d ‘dn-mojjo} ow-z 3y JO %009 3UN0d |7d | 23wy ym sjuanzed G| 110yod aAidadsold 1718 39 oy
DA ‘SVYA pue abe juaped
Aoed1YJ9 d¥d Iseadap U99aM3aq UoI3e[a110d aniebau Juesyubis
||e uoinelsuabap |esowsjo|a3ed dn-mojjo} ow g°g ueaw je uied pasde|ay
J0 9duasald ‘uonesausbap JuawanoLduw
buidojanap ‘abe buiseaidul 91025 3W031n0 DY 3uedyiubis uodaful
uonelauabap dn-mo||o} 9|buis e y3m pajeal] 7 19DUDPIAD JO [9ADT]
abe|i31ed Aj1ea Jo Juawiean A-1 3B dwos pauPap ‘dn-mojjoy ow-g | S/N :A3ijenb a3ho0)na] VO Apnis
33 Ul |nyasn si uoda(ul did | 18 9103s SyA ueaw up juswaaoldwy [edjul) | pajiodal jou unod |1d 99wy y3m sjuaiied g9 110y0d aAdadsoud 0zle R Bue[
9dUBUIIUIRW 10§
ow ¢ A19A3 suoi3aalul
99.1y1 Aq pamoj|o4 Yealq
ow € uays ‘Apjeam suoly
uonesauabal yuesyiubis D3ful XIs yum pajeal|
ou pamoys abeji31ed Jo uonen(eAd YN (jos3u0d) aued
dn-mojjo} ow-z | 3e panoidul s3nsay -0S3aW YHm paieall 0g
uoijesauabap (13euuPUD d¥d YyHm paiealy og
abe|131ed JO sjunowe Mmoj ym Q@ “19uba ‘wjoysA]) sa103s awodino | tood :Ajijenb s1ho0na] (epejewolp | :9JUSPIAD JO |9A]
sjuaijed 10} 34| Jo Ayjenb panosdui [ea1uld [je ul Juawanoldwi Juedyiubis poo|q 3joym -uoyp [|1/11 apesb) vo el
‘Apuedyiubis uied pasnpal dyd SIUDAD 3SJaAPe ON | JO %0GZ-00Z 3Unod |1d | @3uy yum syuaned gL | p3jjolauod ‘paziwopuey 6112 39 1eH
uopeltado
sainpadcolid buiaeys abe|31ed snoiaald Jnoypm 10 yIm 1ede ow | ‘suon
abe|131e2 10 a1n3oeljoiw snoiaald | sjuaiied ul syuawanosdul Ul S9IUIBYIP ON D3ful oM} y3m pazeal)
suoisnpuo) s}nsay 3unod 19p91e|d did SPOYISN ubisap Apnis S92UDIIYIY

(panupuod) L sjqer

The Journal of Knee Surgery



Role of PRP in Articular Cartilage Injury and Disease Mascarenhas et al.

) P g histological analysis of biopsy tissue showing potential re-
_ . L= .= N . . . . .
Eg E 2 S S ES *qc-: g generation of hyaline-like cartilage. Recently, the senior
S55&x |[©LmBl " author (B.J.C.) published a promising technique using mi-
22T ns o T 5 8= y
_g SEZ5 935S 5 & 2 cronized allogeneic articular cartilage combined with PRP as
T = iy — . e .
CL830RE = ol i E a scaffold and adjunct to traditional microfracture surger
©83aw SE529 > S 27
S ot t 'ag» 8£3 chwf 5 (BioCartilage, Arthrex, Inc., Naples, FL).
CEESS |S2zsg 5
Jes5Ee < 3% 53 s - .
w|TEPFESE |ECaap S Future Roles for Platelet-Rich Plasma in
S|I®s5XEE SS X E T [= . . -
258525 |25t a e Treating Cartilage Disease
S(wnE w2 2>+ c 5o 5
< o Cc c O © 0 .
gla5SE 2 gsg 25 A Cartilage damage can take place secondary to both acute and
o & = @ = 5 5 2 o @D T (7]
S|EELEs |[£EBEST E chronic processes. Acute traumatic injury to articular carti-
- . £ lage can create focal chondral loss and potentially lead to a
X > ] o =8 =}
ES YT 5 [Ty & TAas = more widespread osteoarticular problem. By contrast, chron-
S U EC e £ o2 Locnw|l E8m p p y
S 2 ”E :.'g £ 35 - g o 59| E & ic joint stress over a prolonged period of time may lead to
a © c v = o £ 0 . . .
7285z 5 g =2 ¢ 7 = Tl 8% eventual widespread inflammatory chondral degradation
E 82 < E EER T 9L LI| &8 and osteoarthritis. Most studies evaluating PRP have evaluat-
L _g %‘ S 2 8= & 2 o § & 8 2 ed its use within the setting of uniform cartilage degeneration
> L - v 2] T C T C T . .. . . .
N PETES |22 © —=2=| c¢ as seen in osteoarthritis. While relatively devoid from the
= EsZgS2E|2Z8 v Bes58| z-
5 NneEESR|2T . O SHEL =| 2= literature in human clinical studies, animal studies have
) e ZH2ra|3®E & oo Y £ 32
=) —EW g =2|® E 2 _>O< St s x us evaluated the proposed effect of PRP on focal osteochondral
2 (7] = .= “— > Y -
= 23 E HEARY R a2 Z=S5| & g defects (~Fig. 2). Sun et al® evaluated the treatment of large
© W = = 9= TR Y .
S |2ldga=-=%|" E TR 22o=| 8% osteochondral defects created in the patellofemoral groove of
5 |2|re¥2ZE|L2EBE_2=28| g¢ .
f |§|oc26Ys|=2658>0225| 2C rabbit models with treatment arms consisting of PRP in a
> |¥|<B8+58T|(<afL=Nm LT B v . ) .
T 59 polylactic-glycolic acid (PLGA), PLGA alone, or no treatment.
()] e Q) c J 9
= i 3 3 The authors reported no significant differences between the
2 = =R s 5 ; . !
) v < g2 > % PRP and untreated groups in terms of macroscopic examina-
D z 3 £ =9
o Ey @ TRl (4] 3 - tion, microcomputed tomography (larger amount of sub-
tle|xe % Ta £ chondral bone formati d histological ch f th
= ElmE o N o @ 5 chondral bone formation) and histological changes of the
v = (] o) omMm ) é c | b .
= olEw = = £° newly formed bone and cartilage within the defect after
o) |35 8 © 5= = © 5
3 |=#|as5 3 =¥ IE 2 12 weeks. With the knowledge of the efficacy of PRP in
] v O o O s .5 o © > . g y
= -_— o = =
= (£ 8 om 2 B < ounger cohorts, future clinical evaluations of the use of
o Blo~ % - s S 8 Y g ’
5 |B2|g0< § 2 § =l § LE" f PRP with younger patients sustaining acute osteochondral
= o = —= = N .
E % HEHOS 3 £55132 <5 defects would be valuable.Z> Moreover, the utility of PRP in
0 “E' —E the treatment of cartilage degeneration and injury in joints
c ) w5 g other than the knee is largely unreported and may become a
= = (7] 5S = o 2 & gely p
£ 'St 225 ¢ a2 worthwhile research venue that is pursued.
Y= o — = . . . _
S G5 © £cfm g £3 Aside from cartilage degeneration, the clinical use of PRP
(= 2t HA Y oo E S 5
= S 5 w®wS5E E 2 g has been studied in numerous clinical and preclinical reports
v ox 2 856 Ego o . 3 o
5 32 Ly Ly5 =K @9 to determine value in the following sports medicine patholo-
g S E S Lg,'o_ £L£35 24 3= gies: Achilles tendon rupture, chronic tendinosis, chronic
axp |z e =) T . ’ . L
B w2 22a(y5E E g =° rotator cuff tendinopathy or tearing, muscle injury, and
=8 - - c £ <35 c < . . . . .
c |g|lxS=x=T|58S T8 <z meniscal repair.2® Sadoghi et al?® systematically reviewed
[} -8 <335 TX|5S Y2 < 2 T < . . i
T |£|52&55490|m02 ST &9 the use of PRP in the treatment of Achilles tendon ruptures in
 |8|2c5228|nEEgE 8L imal and h tudies, and found that analysis of 14 total
3 |S|5ES8GEE|RIEE S 3% animal and human studies, and found that analysis o ota
o o3 studies demonstrated significant effects of PRP in the treat-
o ~N < 2=
= .. .. B ment of Achilles tendon ruptures likely secondary to en-
o S 9] Q-
$ 72 e 2z hanced scar tissue maturation. Krogh et al*® systematically
5 - (7] g . . . ..
3 &| o 2 " 2 o g reviewed and analyzed randomized controlled trials of injec-
+= ‘a - c . . . . . ..
s g|c @ 20 g3 tion therapies for patients with lateral epicondylitis, and
@ [DB|8%5 o5 e
g 2l i g5 determined that PRP was statistically superior to placebo,
2 |28 3 © 3 < o although most studies were at risk for bias using the Cochrane
8 wn U U4 v o . . 31 . .
= g £ risk of bias tool. Carter et al°' analyzed 24 articles evaluating
[2°] —_ .
= & < < a PRP use in advanced wound therapy and concluded that PRP
c n N o . P
= al| ® ] A & . . ial
O S| g £ 5% therapy in cutaneous wounds showed improved partial and
N g P = § < complete wound healing compared with wound care alone in
o o 2 . o N
5 E é o z § a control group. Villela et al? reported similar conclusions in
i e the treatment of diabetic ulcers with PRP. These additional

The Journal of Knee Surgery



Role of PRP in Articular Cartilage Injury and Disease

Mascarenhas et al.

B-C

Fig.2 (A) Ablood draw is performed on the patient intraoperatively after the induction of anesthesia. (B) The blood is spun down in a centrifuge
to separate out the platelet-rich plasma. (C) The platelet-rich plasma is placed at the microfracture site with a fibrin glue sealant.

uses for PRP continue to be studied with higher levels of
evidence, with the hope that more definitive conclusions can
be made either in favor of or against routine use in the
orthopedics.

While most of the cartilage-related research on the
efficacy of PRP has been devoted to its effect on chondro-
cytes thus far, recent studies have examined the effect of
both leukocyte-rich and leukocyte-poor PRP on synovio-
cytes. More than 80% of normal human synovium is com-
posed of synoviocytes that produce cytokines and matrix
metalloproteinases that can mediate cartilage metabolism.
While no differences in clinical outcomes have been ob-
served till date between leukocyte-rich and leukocyte-poor
derivatives, a recent laboratory study by Braun et al>3 found
that leukocyte-rich PRP and red blood cell concentrates both
led to significantly greater cell death and proinflammatory
mediator production than leukocyte-poor PRP or platelet-
poor plasma. These findings led the authors to suggest that
clinicians consider using leukocyte-poor, red blood cell-free
formulations of PRP when performing intra-articular pro-
cedures. Further research and clinical correlation is required
in this area to determine whether clinical consequences may
exist secondary to the release of catabolic proteases that
may perpetuate inflammation and potentially inhibit tissue
healing.

Conclusion

There are numerous basic science and clinical studies dem-
onstrating the positive effects that PRP has on cartilage
degeneration or injury, with many of the aforementioned
in vivo studies exhibiting improvements in both symptoms
and joint function. The improvement in symptoms after
intra-articular injection of PRP in knee osteoarthritis is
short-term, with many studies demonstrating declines in
efficacy after 1 year. In addition, both age and degree of
cartilage degeneration have an inverse relationship with the
effectiveness of PRP. PRP as a treatment option for cartilage
damage or injury is attractive given the low rate of adverse
events observed in numerous clinical studies, its simplicity of
quickly obtaining a sample of autogenous whole blood, and

the absent risk of disease transmission. PRP has been used as
an adjunct to several cartilage-related procedures including
microfracture surgery and graft, scaffold and implant inser-
tion.” Ultimately, however, recent systematic reviews on the
topic conclude that there is still a paucity of high-quality data
providing sufficient evidence to support or disprove the
clinical utility of PRP in symptomatic osteoarthritis of the
knee>* There is even less clinical evidence supporting its use
in other joints or in the treatment of focal osteochondral
defects despite the basic science evidence in favor of its use.>®
In addition, not all basic science and clinical studies on PRP
have concluded it has positive effects.” Further studies—
particularly randomized, controlled trails—to evaluate the
in vivo effects of PRP on human cartilage are imperative to
conclusively determine the proper patient population and
expected outcomes for the use of PRP in the setting of
cartilage damage and injury.

References

1 Fortier LA, Barker JU, Strauss EJ, McCarrel TM, Cole BJ. The role of
growth factors in cartilage repair. Clin Orthop Relat Res 2011;
469(10):2706-2715
Zhu 'Y, Yuan M, Meng HY, et al. Basic science and clinical applica-
tion of platelet-rich plasma for cartilage defects and osteoarthritis:
a review. Osteoarthritis Cartilage 2013;21(11):1627-1637
Sun Y, Feng Y, Zhang CQ, Chen SB, Cheng XG. The regenerative
effect of platelet-rich plasma on healing in large osteochondral
defects. Int Orthop 2010;34(4):589-597(SICOT)
Gobbi A, Karnatzikos G, Mahajan V, Malchira S. Platelet-rich
plasma treatment in symptomatic patients with knee osteoarthri-
tis: preliminary results in a group of active patients. Sports Health
2012;4(2):162-172
Fortier LA, Hackett CH, Cole BJ. The effects of platelet-rich plasma
on cartilage: basic science and clinical application. Oper Tech
Sports Med 2011;19:154-159
Weiser L, Bhargava M, Attia E, Torzilli PA. Effect of serum and
platelet-derived growth factor on chondrocytes grown in collagen
gels. Tissue Eng 1999;5(6):533-544
Smyth NA, Murawski CD, Fortier LA, Cole BJ, Kennedy ]G. Platelet-
rich plasma in the pathologic processes of cartilage: review of basic
science evidence. Arthroscopy 2013;29(8):1399-1409
Kriiger JP, Hondke S, Endres M, Pruss A, Siclari A, Kaps C. Human
platelet-rich plasma stimulates migration and chondrogenic

N

w

N

w

[e)]

~

o]

The Journal of Knee Surgery



Role of PRP in Articular Cartilage Injury and Disease

differentiation of human subchondral progenitor cells. ] Orthop
Res 2012;30(6):845-852

Abrams GD, Frank RM, Fortier LA, Cole BJ. Platelet-rich plasma for
articular cartilage repair. Sports Med Arthrosc 2013;21(4):
213-219

Hayden MS, Ghosh S. Shared principles in NF-kappaB signaling.
Cell 2008;132(3):344-362

Sundman EA, Cole BJ, Karas V, et al. The anti-inflammatory and
matrix restorative mechanics of platelet-rich plasma in osteoar-
thritis. Am ] Sports Med 2014;42(1):35-41

Bendinelli P, Matteucci E, Dogliotti G, et al. Molecular basis of anti-
inflammatory action of platelet-rich plasma on human chondro-
cytes: mechanisms of NF-kB inhibition via HGF. ] Cell Physiol 2010;
225(3):757-766

Patel S, Dhillon MS, Aggarwal S, Marwaha N, Jain A. Treatment
with platelet-rich plasma is more effective than placebo for knee
osteoarthritis: a prospective, double-blind, randomized trial. Am ]
Sports Med 2013;41(2):356-364

Filardo G, Kon E, Buda R, et al. Platelet-rich plasma intra-articular
knee injections for the treatment of degenerative cartilage lesions
and osteoarthritis. Knee Surg Sports Traumatol Arthrosc 2011;
19(4):528-535

Kon E, Buda R, Filardo G, et al. Platelet-rich plasma: intra-articular
knee injections produced favorable results on degenerative carti-
lage lesions. Knee Surg Sports Traumatol Arthrosc 2010;18(4):
472-479

Sampson S, Reed M, Silvers H, Meng M, Mandelbaum B. Injection of
platelet-rich plasma in patients with primary and secondary knee
osteoarthritis: a pilot study. Am ] Phys Med Rehabil 2010;89(12):
961-969

Filardo G, Kon E, Di Martino A, et al. Platelet-rich plasma vs
hyaluronic acid to treat knee degenerative pathology: study
design and preliminary results of a randomized controlled trial.
BMC Musculoskelet Disord 2012;13:229-236

Spakova T, Rosocha ], Lacko M, Harvanova D, Gharaibeh A. Treat-
ment of knee joint osteoarthritis with autologous platelet-rich
plasma in comparison with hyaluronic acid. Am ] Phys Med Rehabil
2012;91(5):411-417

HartR, Safi A, Komzak M, Jajtner P, Puskeiler M, Hartova P. Platelet-
rich plasma in patients with tibiofemoral cartilage degeneration.
Arch Orthop Trauma Surg 2013;133(9):1295-1301

20 Jang SJ, Kim ]D, Cha SS. Platelet-rich plasma (PRP) injections as an

21

22

effective treatment for early osteoarthritis. Eur J Orthop Surg
Traumatol 2013;23(5):573-580

Kon E, Mandelbaum B, Buda R, et al. Platelet-rich plasma intra-
articular injection versus hyaluronic acid viscosupplementation as
treatments for cartilage pathology: from early degeneration to
osteoarthritis. Arthroscopy 2011;27(11):1490-1501

Filardo G, Kon E, Pereira Ruiz MT, et al. Platelet-rich plasma intra-
articular injections for cartilage degeneration and osteoarthritis:

The Journal of Knee Surgery

23

24

25

26

27

28

29

30

31

32

33

34

35

Mascarenhas et al.

single- versus double-spinning approach. Knee Surg Sports Trau-
matol Arthrosc 2012;20(10):2082-2091

Freitag ], Barnard A, Rotstein A. Photoactivated platelet-rich plas-
ma therapy for a traumatic knee chondral lesion. BM] Case Rep
2012;2012:pii: bcr2012006858

Sanchez M, Azofra ], AnituaE, et al. Plasma rich in growth factors to
treat an articular cartilage avulsion: a case report. Med Sci Sports
Exerc 2003;35(10):1648-1652

Guney A, Akar M, Karaman I, Oner M, Guney B. Clinical outcomes of
platelet rich plasma (PRP) as an adjunct to microfracture surgery
in osteochondral lesions of the talus. Knee Surg Sports Traumatol
Arthrosc 2013; November 30 (Epub ahead of print); doi: 10.1007/
s00167-013-2784-5

Siclari A, Mascaro G, Gentili C, Kaps C, Cancedda R, Boux E.
Cartilage repair in the knee with subchondral drilling augmented
with a platelet-rich plasma-immersed polymer-based implant.
Knee Surg Sports Traumatol Arthrosc 2014;22(6):1225-1234
Abrams GD, Mall NA, Fortier LA, Roller BL, Cole B]. BioCartilage:
background and operative technique. Oper Tech Sports Med 2013;
21:116-124

Lopez-Vidriero E, Goulding KA, Simon DA, Sanchez M, Johnson DH.
The use of platelet-rich plasma in arthroscopy and sports medi-
cine: optimizing the healing environment. Arthroscopy 2010;
26(2):269-278

Sadoghi P, Rosso C, Valderrabano V, Leithner A, Vavken P. The role
of platelets in the treatment of Achilles tendon injuries. ] Orthop
Res 2013;31(1):111-118

Krogh TP, Bartels EM, Ellingsen T, et al. Comparative effectiveness
of injection therapies in lateral epicondylitis: a systematic review
and network meta-analysis of randomized controlled trials. Am ]
Sports Med 2013;41(6):1435-1446

Carter MJ, Fylling CP, Parnell LK. Use of platelet rich plasma gel on
wound healing: a systematic review and meta-analysis. Eplasty
2011;11:e38

Villela DL, Santos VL. Evidence on the use of platelet-rich plasma
for diabetic ulcer: a systematic review. Growth Factors 2010;28(2):
111-116

Braun HJ, Kim HJ, Chu CR, Dragoo ]JL. The effect of platelet-rich
plasma formulations and blood products on human synoviocytes:
implications for intra-articular injury and therapy. Am ] Sports
Med 2014;42(5):1204-1210

Dold AP, Zywiel MG, Taylor DW, Dwyer T, Theodoropoulos J.
Platelet-rich plasma in the management of articular cartilage
pathology: a systematic review. Clin J Sport Med 2014;24(1):
31-43

Filardo G, Kon E, Roffi A, Di Matteo B, Merli ML, Marcacci M.
Platelet-rich plasma: why intra-articular? A systematic review of
preclinical studies and clinical evidence on PRP for joint degener-
ation. Knee Surg Sports Traumatol Arthrosc 2013; November 26
(Epub ahead of print); doi: 10.1007/s00167-013-2743-1



