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Abstract

Purpose of Review This review evaluates current clinical literature on the use of platelet-rich plasma (PRP), including leukocyte-
rich PRP (LR-PRP) and leukocyte-poor PRP (LP-PRP), in order to develop evidence-based recommendations for various
musculoskeletal indications.

Recent Findings Abundant high-quality evidence supports the use of LR-PRP injection for lateral epicondylitis and LP-PRP for
osteoarthritis of the knee. Moderate high-quality evidence supports the use of LR-PRP injection for patellar tendinopathy and of
PRP injection for plantar fasciitis and donor site pain in patellar tendon graft BTB ACL reconstruction. There is insufficient
evidence to routinely recommend PRP for rotator cuff tendinopathy, osteoarthritis of the hip, or high ankle sprains. Current
evidence demonstrates a lack of efficacy of PRP for Achilles tendinopathy, muscle injuries, acute fracture or nonunion, surgical
augmentation in rotator cuff repair, Achilles tendon repair, and ACL reconstruction.

Summary PRP is a promising treatment for some musculoskeletal diseases; however, evidence of its efficacy has been highly
variable depending on the specific indication. Additional high-quality clinical trials with longer follow-up will be critical in
shaping our perspective of this treatment option.

Keywords Platelet-rich plasma - PRP - Orthobiologics - Regenerative medicine - Tendinopathy - Osteoarthritis

Introduction

Platelet-rich plasma (PRP) is a preparation of autologous hu-
man plasma with an increased platelet concentration produced
by centrifuging a larger volume of a patient’s own blood.
Platelets contain a plethora of growth factors and mediators
in their alpha granules (TGF-1, PDGF, bFGF, VEGF, EGF,
IGF-1), which are concentrated through the centrifugation
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process to release supraphysiologic amounts of these growth
factors and cytokines to an injury site and augment the natural
healing process [1-3, 4¢]. The normal human platelet count
ranges anywhere from 150,000 to 350,000/uL. Improvements
in bone and soft tissue healing have been demonstrated with
concentrated platelets of up to 1,000,000/uL, representing a
three- to fivefold increase in growth factors [2, 5].

PRP preparations are typically further categorized into
leukocyte-rich PRP (LR-PRP) preparations, defined as having
aneutrophil concentration above baseline, and leukocyte-poor
PRP (LP-PRP) preparations, defined as having a leukocyte
(neutrophil) concentration below baseline.

Preparation and Composition

There is no general consensus on the optimal PRP preparation
with respect to concentration of blood components and there
are currently many different commercial PRP systems that are
available on the market. As such, variation exists in the PRP
collection protocols and preparation characteristics depending
on the commercial system (Table 1), giving each PRP system
unique properties [1, 8-10]. The commercial systems often
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Table 1 Commercially available PRP systems and their PRP preparations
System Company Blood volume Concentrated Processing PPP Increase in Platelet capture
required (mL) volume produced time (min) produced? [platelets] efficiency
(mL) (times baseline) (% yield)
Leukocyte-rich PRP
Angel Arthrex 52 [6] 1-20" 17 [6] + 10* 56-75% [6]
GenesisCS EmCyte 54 [6] 6 [6] 10 [6] + 4-7[6] 61+12% [6]
GPS I Biomet 54 [6] 6 [6] 15 [6] + 3-10 [6] 70+30% [6]
Magellan Isto Biologics/Arteriocyte 52 [6] 3.5-7[6] 17 [6] + 3-15[6] 86+41% [6]
SmartPReP 2 Harvest 54 [6] 7 [6] 14 [6] + 5-9 [6] 94+ 12% [6]
Leukocyte-poor PRP
Autologous conditioned Arthrex 11 [7] 4[7] 5171 - 1.3 [7] 48+7% [7]
plasma (ACP)
Cascade MTF 18 [8] 7.5[8] 6 [8] 1.6 [8] 68+4% [8]
Clear PRP Harvest 54° 6.5% 18* + 3-6° 62+5%"
Pure PRP EmCyte 50° 6.5% 8.5° + 4-7° 76 +4%"

Data obtained from manufacturers’ promotional literature or internal studies

differ in their platelet capture efficiency, isolation method (one-
or two-step centrifugation), the speed of centrifugation, and the
type of collection tube system and operation. Generally, whole
blood is usually collected and mixed with an anticoagulant
factor, prior to centrifugation, which separates red blood cells
(RBCs) from platelet-poor plasma (PPP) and the “buffy coat,”
which contains the concentrated platelets and leukocytes. The
platelets are isolated using various methods and can then be
directly injected into the patient or be “activated” via the addi-
tion of either calcium chloride or thrombin, which then causes
the platelets to degranulate and release the growth factors [2,
5]. Both patient-specific factors, including medications taken,
and commercial system preparation methods influence the spe-
cific makeup of PRP, and this variability in the composition of
PRP preparations creates challenges in interpreting the litera-
ture regarding the clinical efficacy of PRP [9-11].

Our current understanding is that PRP with elevated leuko-
cyte content, that is, leukocyte (neutrophil)-rich PRP (LR-
PRP), is associated with pro-inflammatory effects [9]. The
elevated leukocyte (neutrophil) concentrations present in LR-
PRP are also associated with elevated catabolic cytokines,
such as interleukin-1f3, tumor necrosis factor-«, and metallo-
proteinases, which may antagonize the anabolic cytokines
contained within platelets [11]. The clinical ramifications and
cellular effects of these different PRP preparations, including
leukocyte content, are still currently being elucidated and this
review seeks to evaluate the best quality evidence available for
various clinical indications for different PRP preparations.

Treatment of Tendon Injuries

The treatment of tendon injuries or tendinopathies with PRP
has been the subject of several studies (Table 2). Many of the
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cytokines found in PRP are involved in the signaling path-
ways that occur during healing stages of inflammation, cellu-
lar proliferation, and subsequent tissue remodeling [1, 2]. PRP
may also promote neovascularization, which may increase the
blood supply and nutrients needed for cells to regenerate the
injured tissue as well as bring new cells and remove debris
from damaged tissue. These mechanisms of action may be
particularly relevant in chronic tendinopathies, where the bio-
logic conditions are unfavorable for tissue healing. A recent
systematic review and meta-analysis concluded that injections
of PRP were efficacious for treatment of symptomatic
tendinopathy [36°].

Lateral Epicondylitis

PRP has been evaluated as a potential treatment option for
patients with lateral epicondylitis, who have failed to respond
to physical therapy. In the largest such study, Mishra et al.
evaluated 230 patients who failed to respond to at least
3 months of conservative treatment for lateral epicondylitis
in a prospective cohort study [17¢]. Patients were treated with
LR-PRP and at 24 weeks, LR-PRP injection was associated
with a significant improvement in pain compared to control
(71.5% versus 56.1%, P = 0.019) as well as a significantly
lower percentage of patients reporting residual elbow tender-
ness (29.1% versus 54.0%, P = 0.009). There was a clinically
meaningful and statistically significant improvement at
24 weeks in patients treated with LR-PRP versus an active
control injection of local anesthetic.

Previous studies have suggested that LR-PRP may also
provide longer continuous relief of symptoms for lateral
epicondylitis than corticosteroid injection and therefore
have a more sustainable treatment effect [37, 38]. PRP
appears to be an effective treatment for lateral
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epicondylitis with high-quality evidence demonstrating
short-term and long-term efficacy, and the best available
evidence specifically suggest LR-PRP should be the treat-
ment of choice [10e, 39, 40].

Patellar Tendinopathy

The use of LR-PRP to treat chronic refractory patellar
tendinopathy has been supported by randomized controlled
studies. Dragoo et al. evaluated 23 patients with patellar
tendinopathy who had failed conservative management [21].
Patients were randomized to receive ultrasound-guided dry
needling alone or with injection of LR-PRP and followed for
> 26 weeks. The group treated with PRP has significant im-
provement in symptoms, as measured by VISA-P, at 12 weeks
(P =0.02) but the difference was not significant at > 26 weeks
(P = 0.66), suggesting that the benefit of PRP for patellar
tendinopathy may be earlier improvement of symptoms.
Vetrano et al. also reported the benefit of PRP injections for
treatment of chronic refractory patellar tendinopathy com-
pared to focused extracorporeal shock wave therapy
(ECSWT) [22]. While there was no significant difference be-
tween groups at 2-month follow-up, the PRP group showed
statistically significant improvement, as measured by VISA-P
and VAS, over ECSWT at 6-month and 12-month follow-up,
and as measured by Blazina scale score at 12-month follow-up
(P < 0.05 for all).

PRP appears to be a viable treatment option for chronic
refractory patellar tendinopathy, and leukocyte-rich prepara-
tion is recommended. Given the small number of studies
supporting this conclusion, further clinical trials will be nec-
essary to recommend general clinical use.

Achilles Tendinopathy

Several historical trials failed to show a difference in PRP
versus placebo injection in isolation to treat Achilles tendon-
itis in clinical outcomes [41, 42]. A more recent randomized
controlled trial compared a series of four LP-PRP injections
against placebo injection in combination with an eccentric
loading rehabilitation program [12¢]. The group treated with
PRP had significantly improved pain, function, and activity
scores at all time points throughout the 6-month follow-up
period compared to the placebo group. This study also found
a comparable improvement with a single high-volume injec-
tion (50 mL) of 0.5% bupivacaine (10 mL), methylpredniso-
lone (20 mg), and normal saline (40 mL), although care should
be taken when considering this treatment given the increase
risk of tendon rupture after steroid injection. Ultimately, the
routine use of PRP in Achilles tendinopathy is not supported
by current literature.

@ Springer

Rotator Cuff Tendinopathy

There has been a paucity of high-level studies looking into
PRP injections in the nonsurgical management of rotator cuff
tendinopathy. The few studies that have been published have
compared clinical outcomes of subacromial injection of PRP
to placebo and corticosteroids, with no studies evaluating di-
rect injection into the tendon itself. Kesikburun et al. found no
difference in clinical outcome scores when compared to a
subacromial injection of normal saline [33]. A randomized
controlled trial, however, found that there was an improve-
ment in pain with two injections of LR-PRP, separated 4 weeks
apart, when compared with a placebo injection [34]. Shams
et al. reported comparable improvements between
subacromial PRP and corticosteroid injection in Western
Ontario RC index (WORI), Shoulder Pain Disability Index
(SPDI), and VAS shoulder pain with Neer test [35].

Studies to date have demonstrated equivocal improvement
in patient-reported outcomes from subacromial injections of
PRP for rotator cuff tendinopathy. Additional studies with
longer follow-up are needed, to include evaluation of direct
PRP injection into the tendon. These PRP injections have
been shown to be safe and may be an alternative for cortico-
steroid injections in rotator cuff tendinopathy.

Plantar Fasciitis

Several randomized controlled trials have evaluated PRP in-
jection in the management of chronic plantar fasciitis. The
potential of PRP as a local injection treatment mitigates con-
cerns associated with injection of corticosteroid, such as fad
pad atrophy or plantar fascia rupture [43]. Two recent meta-
analyses evaluated PRP injections against corticosteroid injec-
tions, concluding that PRP injections were a viable alternative
to corticosteroid injections with respect to efficacy, with some
studies demonstrating superiority of PRP [26e, 27, 28, 30, 32,
44, 45¢]. Given the small sample sizes and limited number of
high-quality RCTs, additional studies with more extensive
follow-up are warranted.

PRP injections appear to be an effective treatment for im-
proving pain and function in chronic plantar fasciitis and may
be superior to corticosteroids, especially considering the im-
proved safety profile of PRP.

Surgical Augmentation

Rotator Cuff Repair

Several high-level clinical studies have evaluated the use of
PRP products as augments in arthroscopic repair of rotator

cuff tears. Many of the studies specifically looked at the use
of platelet-rich fibrin matrix preparation for augmentation
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(PRFM) while others injected PRP directly into the repair site
[46—48]. Significant heterogeneity of the PRP or PRFM prep-
arations was present. Patient-directed outcomes, such as
University of California-Los Angeles (UCLA), American
Shoulder and Elbow Society (ASES), Constant Shoulder
scores, Simple Shoulder Test (SST) scores, and VAS pain
scores, were obtained, as well as objective clinical data such
as rotator cuff strength and shoulder ROM have also been
collected to measure functional outcome differences [47,
49-51]. The majority of individual studies have shown little
difference in these outcome measures for PRP as an augment
in arthroscopic rotator cuff repair compared to repair alone
[46, 50, 52-55]. Additionally, large meta-analyses and a
recent critical review demonstrated no significant benefit
of PRP augmentation of arthroscopically repaired rotator
cuffs [49, 56, 57¢]. There was, however, limited data that
showed some effect in reducing perioperative pain,
which has been attributed most likely to PRP’s anti-
inflammatory properties [50, 54].

Subgroup analyses showed that better outcomes in the form
of decreased re-tear rates with PRP injections may be achieved
in small and medium tears treated with arthroscopic double-
row repair [49, 55, 58]. Jo et al. found PRP to be beneficial in
decreasing re-tear rates in medium and large rotator cuff tears
versus surgery alone [47].

Randomized clinical trials and large meta-analyses demon-
strate a lack of evidence for the use of PRP and PRFM as
augmentation for rotator cuff repair. Some subgroup analyses
suggest that there may be some benefits in small or medium
tears, treated with double-row repair. PRP may also be bene-
ficial in immediate postoperative pain reduction.

Achilles Tendon Repair

Preclinical studies have shown promising effects of PRP to
augment healing in Achilles tendon ruptures [59-61].
Conflicting evidence however has prevented the translation
of PRP as an effective adjunctive therapy for humans with
acute Achilles tendon ruptures. For example, structural and
functional results in patients with Achilles tendon ruptures
surgically treated with and without addition of PRP were
equivalent in one study [62]. In contrast, Zou et al. enrolled
36 patients in a prospective randomized controlled study who
underwent repair of their acute Achilles tendon rupture with
and without intraoperative LR-PRP injection [63]. Patients
from the PRP group had better isokinetic muscle at 3 months
and had higher SF-36 and Leppilahti scores at 6 and
12 months, respectively (P <0.05 for all). In addition, ankle
ROM was also significantly better in the PRP group at all time
points of 6, 12, and 24 months (P < 0.001). Injection of PRP
does not appear to be beneficial as a surgical augmentation for
acute Achilles tendon repair, although more high-quality clin-
ical trials are warranted.

Anterior Cruciate Ligament Surgery

The success of anterior cruciate ligament (ACL) surgery not
only hinges on technical factors (e.g., graft tunnel placement
and graft fixation) but also biologic healing of the ACL graft.
Studies on the use of PRP in ACL reconstruction surgery have
focused on three biologic processes: (1) osteoligamentous in-
tegration of the graft into the tibial and femoral tunnels, (2)
maturation of the articular portion of the graft, and (3) and
harvest site healing and pain reduction [64].

Though there have been multiple studies in the past looking
at the use of PRP injections in ACL surgery, there has only
been two high-level studies in the past 5 years. Past studies
have shown mixed evidence supporting the use of PRP injec-
tions for osteoligamentous integration of the graft or graft
maturation, but have shown some evidence to support its use
in donor site pain [65-68]. With respect to augmentation with
PRP to improve graft-bone tunnel incorporation, recent data
has shown no clinical benefit of PRP in tunneling widening or
osteointegration of the graft [69].

More recent clinical trials have shown promising early re-
sults on donor site pain and healing with the use of PRP. Seijas
et al. looked at anterior knee pain after bone-patellar-bone
(BTB) autograft ACL reconstruction and found decreased an-
terior knee pain at 2-month follow-up when compared to the
control [70].

More studies are needed to investigate the effect of PRP on
ACL graft integration, maturation, and donor site pain.
However, at this time, studies have shown no significant clin-
ical effect of PRP on graft integration or maturation, but lim-
ited studies have shown positive results in decreasing patellar
tendon donor site pain.

Osteoarthritis

Osteoarthritis (OA) has unique characteristics with respect to
joint biology, homeostasis, and levels of metalloproteases and
inflammatory cytokines, contributing to patient symptoms
[71]. Clinical reports on the use of PRP for cartilage injury
have primarily involved patients with osteoarthritis of the
knee or hip (Table 3).

Osteoarthritis of the Knee

There has been increased interest in the efficacy of PRP intra-
articular injections for nonsurgical management of osteoar-
thritis of the knee [84]. Shen et al. performed a meta-
analysis looking at 14 randomized clinical trials (RCTs), com-
prising of 1423 patients, comparing PRP to various controls
including placebo, hyaluronic acid, corticosteroid injections,
oral medications, and homeopathic treatments [85¢]. The
meta-analysis showed a significant improvement in Western

@ Springer
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Intervention/injection volume and contents

Sample size

Study design characteristics for PRP versus control injection for osteoarthritis

Table 3

@ Springer

Follow-up Favors

Type of PRP Number of PRP Control

Control

Level of PRP

Year of

Study

Indication

PRP?

(months)

injections

publication evidence

12
12
12

30 mg HA

7 mL PRP + HA 30 mg HA

5 mL PRP
3 mL PRP
4 mL PRP
5 mL PRP
5 mL PRP

15 mg HA
30 mg HA

5 mL PRP

3
3
3
3

LR-PRP
NR
NR
NR

50
36
40
22

50
44, +HA: 31
40
21

I
I
I
I

2013
2016
2017
2016

Battaglia et al. [72]
Dallari et al. [73]
Doria et al.[74]
Sante et al. [75]
Cole et al. [76]

S
S
S
S

.4 .2 £ .2

Hip osteoarthrit
Hip osteoarthrit
Hip osteoarthrit
Hip osteoarthrit

16 mg HA injection

3

LP-PRP
NR

HA: 46, placebo: 45 NR

50

49

I
I
I

2017

Knee osteoarthri

12
6

40 mg HA, 15 mL ozone
30 mg HA, NR saline

41 HA: 40, ozone: 39

2017

Duymus et al. [77]

Knee osteoarthritis
Knee osteoarthritis

3 versus 1

PRP (3%): 46,

2017

Gormeli et al. [78]

PRP (1x): 45
36, +HA: 33

12

20 mg HA

5 mL PRP + 20
mg HA

NR

36

I

2016

Lana et al. [79]

Knee osteoarthritis

NR HA

NR

27 NR

28

I
I
I
I

2016

Montanez et al. [80]
Paterson et al. [81]

Knee osteoarthritis
Knee osteoarthritis
Knee osteoarthritis

Knee osteoarthritis

3 mL HA

3 mL PRP
3 mL PRP

3-8 mL PRP

NR

12
33

2016

Tylenol 500 mg q8h

3-8 mL saline

3
3

LP-PRP
LP-PRP

32
15

2016

Simental et al. [82]
Smith et al. [83¢]

12

15

2016

NR not reported, LP-PRP leukocyte-poor PRP, LR-PRP leukocyte-rich PRP, PRGF plasma rich in growth factors, HA hyaluronic acid

Ontario and McMaster Universities Osteoarthitis Index
(WOMAC) scores at 3-, 6-, and 12-month follow-up (=
0.02, 0.04, < 0.001 respectively). Subgroup analyses examin-
ing the efficacy of PRP based on severity of knee OA have
shown PRP to be more effective in patients with mild to mod-
erate OA [77-81]. Authors have suggested that intra-articular
PRP injections are more efficacious in the treatment of knee
OA, in terms of pain relief and patient-reported outcomes,
than other alternative injections.

A meta-analysis by Riboh et al. compared LP-PRP and LR-
PRP in the treatment of knee osteoarthritis and found that LP-
PRP injections resulted in significantly improved WOMAC
scores compared to HA or placebo [86¢, 87-90]. Filardo et al.
studied LR-PRP injections and alternatively found no statisti-
cal difference when compared to HA injections, providing
further evidence that LP-PRP may be the preferred prepara-
tion for the treatment of osteoarthritis symptoms [65¢, 91].
The biological basis for this may be in the relative level of
inflammatory versus anti-inflammatory mediators present in
LR-PRP and LP-PRP. Inflammatory mediators TNF-«, IL-6,
IFN-Y, and IL-1§ are increased significantly in the presence
of LR-PRP, whereas injection of LP-PRP increases IL-4 and
IL-10, which are anti-inflammatory mediators [11, 92, 93]. IL-
10 specifically was found to be helpful in the treatment of hip
osteoarthritis and may also suppress the release of the inflam-
matory mediators TNF-«x, IL-6, and IL-1f3, and block the
inflammatory pathway by neutralizing nuclear factor-kB ac-
tivity [11, 73, 82, 92, 94]. In addition to its deleterious effects
on chondrocytes, LR-PRP may also fail to help treat osteoar-
thritis symptoms due to its effect on synoviocytes. Braun et al.
found that treatment of synovial cells with LR-PRP or eryth-
rocytes resulted in significant pro-inflammatory mediator pro-
duction and cell death [95].

Intra-articular injection of LP-PRP is a safe treatment and
there is level 1 evidence demonstrating its ability to reduce
pain symptoms and increase function in patients diagnosed
with osteoarthritis of the knee [83¢, 85¢]. Larger studies with
longer follow-up are needed to determine its long-term
efficacy.

Osteoarthritis of the Hip

There have only been four randomized clinical trials compar-
ing PRP injections to hyaluronic acid (HA) injections for the
treatment of hip OA. Outcome measures were VAS pain
scores, WOMAC scores, and Hip Harris Scores (HHS).

Battaglia et al. found significant improvement in VAS
score and HHS at the 1-, 3-, 6-, and 12-month marks. Peak
improvement was seen at the 3-month mark with diminishing
effect thereafter [72]. Scores at the 12-month mark remained
significantly improved from baseline scores (P < 0.0005);
however, there were no statistically significant outcome dif-
ferences between the PRP and HA groups.
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Di Sante et al. saw the PRP group’s VAS scores significant-
ly improve at 4 weeks, but return to baseline at 16 weeks [75].
The HA group showed no significant difference in VAS score
at 4 weeks but a significant improvement at 16 weeks. Dallari
et al. evaluated PRP against HA injections but also compared
the combination of HA and PRP injected together to both
injections alone [73]. The PRP group was found to have the
lowest VAS score of all three groups at all (2-, 6-, and 12-
month) follow-up time points. PRP also had a significantly
better WOMAC score at 2 and 6 months but not at 12 months.
Doria et al. performed a double-blinded randomized clinical
trial comparing patients who received three consecutive week-
ly injections of PRP versus three HA injections [74¢]. The
study found improvement in HHS, WOMAC, and VAS scores
at 6- and 12-month follow-up for both the HA and PRP
groups. However, there was no significant difference between
the two groups at all time points. None of the studies showed
an adverse effect from intra-articular PRP injections into the
hip and all concluded that PRP was safe.

Although the data is limited, intra-articular injection of
PRP for osteoarthritis of the hip has shown to be safe and
has some efficacy in pain reduction and improved function
as measured by patient-reported outcome scores. Multiple
studies have shown PRP to initially have a better pain reduc-
tion when compared to HA; however, any initial advantage
seems to decrease over time with PRP and HA having very
similar efficacy by 12 months. As there have been a small
number of clinical studies evaluating the use of PRP for OA
of the hip, more high-level evidence is needed to determine if
PRP can be used as an alternative conservative treatment to
delay surgery for osteoarthritis of the hip.

Ankle Sprains

Only two randomized clinical trials meeting our inclusion
criteria evaluated the use of PRP in the setting of acute ankle
sprains. Rowden et al. performed a double-blinded placebo-
controlled randomized clinical trial of patients with acute an-
kle sprains in the ED comparing ultrasound-guided LR-PRP
injections with local anesthetic versus injection of normal sa-
line with local anesthetic [96]. They found that there was no
statistical difference in the VAS pain score or Lower
Extremity Functional Scale (LEFS) between the two groups.
Laver et al. randomized 16 elite athletes diagnosed with a
high ankle sprain to treatment with either an ultrasound-
guided LP-PRP injection at initial presentation with a repeat
injection 7 days later in conjunction with a rehabilitation pro-
gram or rehabilitation program alone, with all patients receiv-
ing the same rehabilitation protocol and return to play criteria
[97]. The study found the LP-PRP group returned to play in a
shorter amount of time (40.8 versus 59.6 days, P < 0.006).

PRP does not appear to be efficacious in the setting of acute
ankle sprains. While limited evidence suggests LP-PRP injec-
tions may be helpful in high ankle sprains in elite athletes, the
paucity of evidence leads us to conclude that PRP injections
cannot be routinely recommended for high ankle sprains.

Muscle Injuries

The use of PRP in the treatment of muscle injuries has shown
equivocal clinical evidence. Similar to tendon healing, the
steps in muscle healing involve the initial inflammatory re-
sponse, which is then followed by cell proliferation, differen-
tiation, and tissue remodeling. Hamid et al. conducted a
single-blind randomized study of 28 patients with grade 2
hamstring muscle injuries comparing an injection of LR-
PRP with a rehabilitation program versus rehabilitation alone
[98]. The group treated with LR-PRP was able to return to
play faster (mean time in days, 26.7 vs. 42.5, P=0.02), but
structural improvements were not achieved. Additionally, sig-
nificant placebo effect in the treatment arm may have con-
founded these results. In a double-blind randomized con-
trolled trial, Reurink et al. evaluated 80 patients comparing
PRP injections to placebo saline injections, with all patients
receiving standard rehabilitation [99]. The patients were
followed for 6 months and there were no significant differ-
ences in return to play time or with re-injury rate. The ideal
formulation of PRP to improve muscle healing in a clinically
relevant way continues to remain elusive and should be sub-
ject to future study.

Fracture and Nonunion Management

Despite reasonable preclinical evidence to support the use of
PRP to improve bone healing, there is no clinical consensus to
support the routine use of PRP to enhance bone healing
[100-103]. A recent review of PRP and acute fracture treat-
ment highlighted three RCTs that failed to show benefit in
terms of functional outcomes, whereas two studies showed
superior clinical outcomes [104]. The majority of trials in this
review (6/8) studied the efficacy of PRP in conjunction with
other biologics such as mesenchymal stem cells and/or bone
graft to promote fracture healing. Therefore, we cannot yet
recommend use of PRP in fracture care.

Conclusion and Summary
of Recommendations

Platelet-rich plasma (PRP) works by delivering a

supraphysiologic amount of growth factors and cytokines
contained within platelets. In musculoskeletal medicine, PRP
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is a promising treatment modality with clear evidence of safe-
ty. However, evidence of its efficacy has been mixed and
highly dependent on composition and on the specific indica-
tion. Additional future high-quality, large clinical trials will be
critical in shaping our perspective of PRP. The heterogeneity
of PRP preparations, both presently and historically, has made
interpreting the existing literature difficult and limits our abil-
ity to make definitive treatment recommendations.

Nonetheless, based on the current best available literature,
the following recommendations are summarized: Abundant
high-quality evidence supports the use of LR-PRP injection
for lateral epicondylitis and LP-PRP for osteoarthritis of the
knee. Moderate high-quality evidence supports the use of LR-
PRP injection for patellar tendinopathy and of PRP injection
for plantar fasciitis and donor site pain in patellar tendon graft
BTB ACL reconstruction. There is insufficient evidence to
routinely recommend PRP for rotator cuff tendinopathy, oste-
oarthritis of the hip, or high ankle sprains. Current evidence
demonstrates a lack of efficacy of PRP for Achilles
tendinopathy, muscle injuries, acute fracture or nonunion, sur-
gical augmentation in rotator cuff repair, Achilles tendon re-
pair, and ACL reconstruction.

Compliance with Ethical Standards

Conflict of Interest Dr. Dragoo reports consultancy for Ossur,
Genzyme, Depuy/Mitek, Linvatec, Miximed, Zimmer, Harvet/Terumo,
and Flexion Therapeutics, grants from Ossur, and educational funding
from Linvatec, Smith and Nephew, Breg, and Ossur. All other authors
declare no conflicts of interest.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

References

Papers of particular interest, published recently, have been
highlighted as:

» Of importance

¢ Of major importance

1. Boswell SG, Cole BJ, Sundman EA, Karas V, Fortier LA. Platelet-
rich plasma: a milieu of bioactive factors. Arthroscopy. 2012;28:
429-39.

2. Foster TE, Puskas BL, Mandelbaum BR, Gerhardt MB, Rodeo
SA. Platelet-rich plasma: from basic science to clinical applica-
tions. Am J Sports Med. 2009;37:2259-72.

3. Le A, Dragoo JL. Orthobiologics: clinical application of platelet-
rich plasma and stem cell therapy. DeLee Drezs Orthop Sports
Med. 5th Edition. Elsevier; XXXX p XXX.

4.» Le AD, Enweze L, DeBaun MR, Dragoo JL. Platelet-rich plasma.
Clin Sports Med. 2018;XX:XX-XX. Recent (in-press) compre-
hensive review of PRP literature outlining best available clin-
ical evidence as well as pre-clinical evidence, where appropri-
ate, for a variety of sports medicine applications.

@ Springer

10.

11.

12.»

13.

14.

15.

16.

17.

18.

19.

Marx RE. Platelet-rich plasma (PRP): what is PRP and what is not
PRP? Implant Dent. 2001;10:225-8.

Degen RM, Bernard JA, Oliver KS, Dines JS. Commercial sepa-
ration systems designed for preparation of platelet-rich plasma
yield differences in cellular composition. HSS J. 2017;13:75-80.
Magalon J, Bausset O, Serratrice N, Giraudo L, Aboudou H,
Veran J, et al. Characterization and comparison of 5 platelet-rich
plasma preparations in a single-donor model. Arthroscopy.
2014;30:629-38.

Castillo TN, Pouliot MA, Kim HJ, Dragoo JL. Comparison of
growth factor and platelet concentration from commercial
platelet-rich plasma separation systems. Am J Sports Med.
2011;39:266-71.

Dragoo JL, Braun HJ, Durham JL, Ridley BA, Odegaard JI,
Luong R, et al. Comparison of the acute inflammatory response
of two commercial platelet-rich plasma systems in healthy rabbit
tendons. Am J Sports Med. 2012;40:1274-81.

Mazzocca AD, McCarthy MBR, Chowaniec DM, Cote MP,
Romeo AA, Bradley JP, et al. Platelet-rich plasma differs accord-
ing to preparation method and human variability. J Bone Joint
Surg Am. 2012;94:308-16.

Sundman EA, Cole BJ, Fortier LA. Growth factor and catabolic
cytokine concentrations are influenced by the cellular composition
of platelet-rich plasma. Am J Sports Med. 2011;39:2135-40.
Boesen AP, Hansen R, Boesen MI, Malliaras P, Langberg H.
Effect of high-volume injection, platelet-rich plasma, and sham
treatment in chronic midportion achilles tendinopathy: a random-
ized double-blinded prospective study. Am J Sports Med.
2017;45:2034-43. RCT demonstrating efficacy of single high-
volume injection (50 mL) of 0.5% bupivacaine (10 mL), meth-
ylprednisolone (20 mg), and normal saline (40 mL) as well as
four sequential injections of PRP for Achilles tendinopathy.
Krogh TP, Ellingsen T, Christensen R, Jensen P, Fredberg U.
Ultrasound-guided injection therapy of Achilles tendinopathy
with platelet-rich plasma or saline: a randomized, blinded,
placebo-controlled trial. Am J Sports Med. 2016;44:1990-7.
Behera P, Dhillon M, Aggarwal S, Marwaha N, Prakash M.
Leukocyte-poor platelet-rich plasma versus bupivacaine for recal-
citrant lateral epicondylar tendinopathy. J Orthop Surg. 2015;23:
6-10.

Gautam V, Verma S, Batra S, Bhatnagar N, Arora S. Platelet-rich
plasma versus corticosteroid injection for recalcitrant lateral
epicondylitis: clinical and ultrasonographic evaluation. J Orthop
Surg. 2015;23:1-5.

Lebiedzinski R, Synder M, Buchcic P, Polguj M, Grzegorzewski
A, Sibinski M. A randomized study of autologous conditioned
plasma and steroid injections in the treatment of lateral
epicondylitis. Int Orthop. 2015;39:2199-203.

Mishra AK, Skrepnik NV, Edwards SG, Jones GL, Sampson S,
Vermillion DA, et al. Efficacy of platelet-rich plasma for chronic
tennis elbow: a double-blind, prospective, multicenter, random-
ized controlled trial of 230 patients. Am J Sports Med. 2014;42:
463-71. Large multicenter double-blind randomized con-
trolled trial for PRP and lateral epicondylitis, demonstrating
significant symptomatic and functional benefit of PRP
injection.

Montalvan B, Le Goux P, Klouche S, Borgel D, Hardy P, Breban
M. Inefficacy of ultrasound-guided local injections of autologous
conditioned plasma for recent epicondylitis: results of a double-
blind placebo-controlled randomized clinical trial with one-year
follow-up. Rheumatology. 2016;55:279-85.

Palacio EP, Schiavetti RR, Kanematsu M, Ikeda TM, Mizobuchi
RR, Galbiatti JA. Effects of platelet-rich plasma on lateral
epicondylitis of the elbow: prospective randomized controlled tri-
al. Rev Bras Ortop Engl Ed. 2016;51:90-5.



Curr Rev Musculoskelet Med

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.¢

Yadav R. Comparison of local injection of platelet rich plasma and
corticosteroids in the treatment of lateral epicondylitis of humerus.
J Clin Diagn Res [Internet]. 2015 [cited 2018 Apr 2]; Available
from: http://jedr.net/article fulltext.asp?issn=0973-709x&year=
2015&volume=9&issue=7&page=RC05&issn=0973-709x&id=
6213.
Dragoo JL, Wasterlain AS, Braun HJ, Nead KT. Platelet-rich plas-
ma as a treatment for patellar tendinopathy: a double-blind, ran-
domized controlled trial. Am J Sports Med. 2014;42:610-8.
Vetrano M, Castorina A, Vulpiani MC, Baldini R, Pavan A,
Ferretti A. Platelet-rich plasma versus focused shock waves in
the treatment of Jumper’s knee in athletes. Am J Sports Med.
2013;41:795-803.
Acosta-Olivo C, Elizondo-Rodriguez J, Lopez-Cavazos R,
Vilchez-Cavazos F, Simental-Mendia M, Mendoza-Lemus O.
Plantar fasciitis—a comparison of treatment with intralesional ste-
roids versus platelet-rich plasma: a randomized, blinded study. J
Am Podiatr Med Assoc. 2017;107:490-6.
Jain K, Murphy PN, Clough TM. Platelet rich plasma versus cor-
ticosteroid injection for plantar fasciitis: a comparative study.
Foot. 2015;25:235-7.
Jain SK, Suprashant K, Kumar S, Yadav A, Kearns SR.
Comparison of plantar fasciitis injected with platelet-rich plasma
vs corticosteroids. Foot Ankle Int. 2018. https://doi.org/10.1177/
1071100718762406.
Mahindra P, Yamin M, Selhi HS, Singla S, Soni A. Chronic plan-
tar fasciitis: effect of platelet-rich plasma, corticosteroid, and pla-
cebo. Orthopedics. 2016;39:¢285-9.
Monto RR. Platelet-rich plasma efficacy versus corticosteroid in-
jection treatment for chronic severe plantar fasciitis. Foot Ankle
Int. 2014;35:313-8.
Say F, Giirler D, Inkaya E, Biilbiil M. Comparison of platelet-rich
plasma and steroid injection in the treatment of plantar fasciitis.
Acta Orthop Traumatol Turc. 2014;48:667-72.
Sherpy NA, Hammad MA, Hagrass HA, Samir H, Abu-ElMaaty
SE, Mortada MA. Local injection of autologous platelet rich plas-
ma compared to corticosteroid treatment of chronic plantar fasci-
itis patients: a clinical and ultrasonographic follow-up study.
Egypt Rheumatol. 2016;38:247-52.
Shetty VD, Dhillon M, Hegde C, Jagtap P, Shetty S. A study to
compare the efficacy of corticosteroid therapy with platelet-rich
plasma therapy in recalcitrant plantar fasciitis: a preliminary re-
port. Foot Ankle Surg. 2014;20:10-3.
Tiwari M, Bhargava R. Platelet rich plasma therapy: a comparative
effective therapy with promising results in plantar fasciitis. J Clin
Orthop Trauma. 2013;4:31-5.
Vahdatpour B, Kianimehr L, Moradi A, Haghighat S. Beneficial
effects of platelet-rich plasma on improvement of pain severity
and physical disability in patients with plantar fasciitis: a random-
ized trial. Adv Biomed Res. 2016;5:179.
Kesikburun S, Tan AK, Y1lmaz B, Yasar E, Yazicioglu K. Platelet-
rich plasma injections in the treatment of chronic rotator cuff
tendinopathy: a randomized controlled trial with 1-year follow-
up. Am J Sports Med. 2013;41:2609-16.
Rha D, Park G-Y, Kim Y-K, Kim MT, Lee SC. Comparison of the
therapeutic effects of ultrasound-guided platelet-rich plasma injec-
tion and dry needling in rotator cuff disease: a randomized con-
trolled trial. Clin Rehabil. 2013;27:113-22.
Shams A, El-Sayed M, Gamal O, Ewes W. Subacromial injection
of autologous platelet-rich plasma versus corticosteroid for the
treatment of symptomatic partial rotator cuff tears. Eur J Orthop
Surg Traumatol. 2016;26:837-42.
Miller LE, Parrish WR, Roides B, Bhattacharyya S. Efficacy of
platelet-rich plasma injections for symptomatic tendinopathy: sys-
tematic review and meta-analysis of randomised injection-
controlled trials. BMJ Open Sport Exerc Med. 2017;3:¢000237.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Recent review of PRP injections on tendinopathies demon-
strating an overall trend supporting the use of PRP for symp-
tomatic tendinopathies. However, there were differences de-
pending on the specific site of tendinopathy.
Gosens T, Peerbooms JC, van Laar W, den Oudsten BL. Ongoing
positive effect of platelet-rich plasma versus corticosteroid injec-
tion in lateral epicondylitis: a double-blind randomized controlled
trial with 2-year follow-up. Am J Sports Med. 2011;39:1200-8.
Peerbooms JC, Sluimer J, Bruijn DJ, Gosens T. Positive effect of
an autologous platelet concentrate in lateral epicondylitis in a
double-blind randomized controlled trial: platelet-rich plasma ver-
sus corticosteroid injection with a 1-year follow-up. Am J Sports
Med. 2010;38:255-62.
Arirachakaran A, Sukthuayat A, Sisayanarane T,
Laoratanavoraphong S, Kanchanatawan W, Kongtharvonskul J.
Platelet-rich plasma versus autologous blood versus steroid injec-
tion in lateral epicondylitis: systematic review and network meta-
analysis. J Orthop Traumatol. 2016;17:101-12.
Krogh TP, Bartels EM, Ellingsen T, Stengaard-Pedersen K,
Buchbinder R, Fredberg U, et al. Comparative effectiveness of
injection therapies in lateral epicondylitis: a systematic review
and network meta-analysis of randomized controlled trials. Am J
Sports Med. 2013;41:1435-46.
de Vos RJ, Weir A, Tol JL, Verhaar JAN, Weinans H, van Schie
HTM. No effects of PRP on ultrasonographic tendon structure and
neovascularisation in chronic midportion Achilles tendinopathy.
BrJ Sports Med. 2011;45:387-92.
de Jonge S, de Vos RJ, Weir A, van Schie HTM, Bierma-Zeinstra
SMA, Verhaar JAN, et al. One-year follow-up of platelet-rich
plasma treatment in chronic Achilles tendinopathy: a double-
blind randomized placebo-controlled trial. Am J Sports Med.
2011;39:1623-9.
Neufeld SK, Cerrato R. Plantar fasciitis: evaluation and treatment.
J Am Acad Orthop Surg. 2008;16:338-46.
Yang W-Y, Han Y-H, Cao X-W, Pan J-K, Zeng L-F, Lin J-T, et al.
Platelet-rich plasma as a treatment for plantar fasciitis: a meta-
analysis of randomized controlled trials. Medicine (Baltimore).
2017;96:¢8475.
Singh P, Madanipour S, Bhamra JS, Gill I. A systematic review
and meta-analysis of platelet-rich plasma versus corticosteroid in-
jections for plantar fasciopathy. Int Orthop. 2017;41:1169-81.
Recent systematic review and meta-analysis demonstrating
PRP as a superior treatment modality to corticosteroid injec-
tions for plantar fasciopathy.
Barber FA. Triple-loaded single-row versus suture-bridge double-
row rotator cuff tendon repair with platelet-rich plasma fibrin
membrane: a randomized controlled trial. Arthroscopy. 2016;32:
753-61.
Jo CH, Shin JS, Shin WH, Lee SY, Yoon KS, Shin S. Platelet-rich
plasma for arthroscopic repair of medium to large rotator cuff
tears: a randomized controlled trial. Am J Sports Med. 2015;43:
2102-10.
Pandey V, Bandi A, Madi S, Agarwal L, Acharya KKV,
Maddukuri S, et al. Does application of moderately concentrated
platelet-rich plasma improve clinical and structural outcome after
arthroscopic repair of medium-sized to large rotator cuff tear? A
randomized controlled trial. J Shoulder Elb Surg. 2016;25:1312—
22.
Saltzman BM, Jain A, Campbell KA, Mascarenhas R, Romeo
AA, Verma NN, et al. Does the use of platelet-rich plasma at the
time of surgery improve clinical outcomes in arthroscopic rotator
cuff repair when compared with control cohorts? A systematic
review of meta-analyses. Arthroscopy. 2016;32:906—18.
Holtby R, Christakis M, Maman E, MacDermid JC, Dwyer T,
Athwal GS, et al. Impact of platelet-rich plasma on arthroscopic

@ Springer


http://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2015&volume=9&issue=7&page=RC05&issn=0973-709x&id=6213
http://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2015&volume=9&issue=7&page=RC05&issn=0973-709x&id=6213
http://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2015&volume=9&issue=7&page=RC05&issn=0973-709x&id=6213
https://doi.org/10.1177/1071100718762406
https://doi.org/10.1177/1071100718762406

Curr Rev Musculoskelet Med

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

repair of small- to medium-sized rotator cuff tears: a randomized
controlled trial. Orthop J Sports Med. 2016;4:232596711666559.
Ebert JR, Wang A, Smith A, Nairn R, Breidahl W, Zheng MH,
et al. A midterm evaluation of postoperative platelet-rich plasma
injections on arthroscopic supraspinatus repair: a randomized con-
trolled trial. Am J Sports Med. 2017;45:2965-74.

Malavolta EA, Gracitelli MEC, Ferreira Neto AA, Assuncdo JH,
Bordalo-Rodrigues M, de Camargo OP. Platelet-rich plasma in
rotator cuff repair: a prospective randomized study. Am J Sports
Med. 2014;42:2446-54.

D’Ambrosi R, Palumbo F, Paronzini A, Ragone V, Facchini RM.
Platelet-rich plasma supplementation in arthroscopic repair of full-
thickness rotator cuff tears: a randomized clinical trial.
Musculoskelet Surg. 2016;100:25-32.

Flury M, Rickenbacher D, Schwyzer H-K, Jung C, Schneider
MM, Stahnke K, et al. Does pure platelet-rich plasma affect post-
operative clinical outcomes after arthroscopic rotator cuff repair?:
a randomized controlled trial. Am J Sports Med. 2016;44:2136—
46.

Cai Y, Zhang C, Lin X. Efficacy of platelet-rich plasma in arthro-
scopic repair of full-thickness rotator cuff tears: a meta-analysis. J
Shoulder Elb Surg. 2015;24:1852-9.

Filardo G, Di Matteo B, Kon E, Merli G, Marcacci M. Platelet-rich
plasma in tendon-related disorders: results and indications. Knee
Surg Sports Traumatol Arthrosc [Internet]. 2016 [cited 2018 Mar
14]; Available from: http://link.springer.com/10.1007/s00167-
016-4261-4

Smith KM, Le A, Costouros J, Dragoo JL. Biologics for rotator
cuff repair: a critical analysis review. JBJS Rev. 2018;XX:XX—
XX. Recent review on use of biologic augmentation for rotator
cuff repair. Review concluded that PRP did not demonstrate
efficacy as an adjuvant in rotator cuff repair. Subgroup anal-
yses did reveal decreased re-tear rate with PRP augmentation
in small and medium tears treated with arthroscopic double-
row repair.

Vavken P, Sadoghi P, Palmer M, Rosso C, Mueller AM,
Szoelloesy G, et al. Platelet-rich plasma reduces retear rates after
arthroscopic repair of small- and medium-sized rotator cuff tears
but is not cost-effective. Am J Sports Med. 2015;43:3071-6.
Allahverdi A, Sharifi D, Takhtfooladi MA, Hesaraki S, Khansari
M, Dorbeh SS. Evaluation of low-level laser therapy, platelet-rich
plasma, and their combination on the healing of Achilles tendon in
rabbits. Lasers Med Sci. 2015;30:1305-13.

Yuksel S, Gulec MA, Gultekin MZ, Adanir O, Caglar A,
Beytemur O, et al. Comparison of the early period effects of bone
marrow-derived mesenchymal stem cells and platelet-rich plasma
on the Achilles tendon ruptures in rats. Connect Tissue Res.
2016;57:360-73.

Aspenberg P. Platelet concentrates and Achilles tendon healing. J
Orthop Res. 2013;31:1500.

De Carli A, Lanzetti RM, Ciompi A, Lupariello D, Vadala A,
Argento G, et al. Can platelet-rich plasma have a role in Achilles
tendon surgical repair? Knee Surg Sports Traumatol Arthrosc.
2016;24:2231-17.

Zou J, Mo X, ShiZ, Li T, Xue J, Mei G, et al. A prospective study
of platelet-rich plasma as biological augmentation for acute
Achilles tendon rupture repair. Biomed Res Int. 2016;2016:1-8.
Di Matteo B, Loibl M, Andriolo L, Filardo G, Zellner J, Koch M,
et al. Biologic agents for anterior cruciate ligament healing: a
systematic review. World J Orthop. 2016;7:592—603.

Sanchez M, Anitua E, Azofra J, Prado R, Muruzabal F, Andia 1.
Ligamentization of tendon grafts treated with an endogenous prep-
aration rich in growth factors: gross morphology and histology.
Arthroscopy. 2010;26:470-80.

Vogrin M, Rupreht M, Dinevski D, Haspl M, Kuhta M, Jevsek M,
et al. Effects of a platelet gel on early graft revascularization after

@ Springer

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

anterior cruciate ligament reconstruction: a prospective, random-
ized, double-blind, clinical trial. Eur Surg Res. 2010;45:77-85.
Andriolo L, Di Matteo B, Kon E, Filardo G, Venieri G, Marcacci
M. PRP augmentation for ACL reconstruction. Biomed Res Int.
2015;2015:1-15.

Figueroa D, Melean P, Calvo R, Vaisman A, Zilleruelo N,
Figueroa F, et al. Magnetic resonance imaging evaluation of the
integration and maturation of semitendinosus-gracilis graft in an-
terior cruciate ligament reconstruction using autologous platelet
concentrate. Arthroscopy. 2010;26:1318-25.

Mirzatolooei F, Alamdari MT, Khalkhali HR. The impact of
platelet-rich plasma on the prevention of tunnel widening in ante-
rior cruciate ligament reconstruction using quadrupled autologous
hamstring tendon. Bone Joint J. 2013;95-B:65-9.

Seijas R, Cusco X, Sallent A, Serra I, Ares O, Cugat R. Pain in
donor site after BTB-ACL reconstruction with PRGF: a random-
ized trial. Arch Orthop Trauma Surg. 2016;136:829-35.

Pearle AD, Warren RF, Rodeo SA. Basic science of articular car-
tilage and osteoarthritis. Clin Sports Med. 2005;24:1-12.
Battaglia M, Guaraldi F, Vannini F, Rossi G, Timoncini A, Buda
R, et al. Efficacy of ultrasound-guided intra-articular injections of
platelet-rich plasma versus hyaluronic acid for hip osteoarthritis.
Orthopedics. 2013;36:¢1501-8.

Dallari D, Stagni C, Rani N, Sabbioni G, Pelotti P, Torricelli P,
et al. Ultrasound-guided injection of platelet-rich plasma and
hyaluronic acid, separately and in combination, for hip osteoar-
thritis: a randomized controlled study. Am J Sports Med. 2016;44:
664-71.

Doria C, Mosele GR, Caggiari G, Puddu L, Ciurlia E. Treatment
of early hip osteoarthritis: ultrasound-guided platelet rich plasma
versus hyaluronic acid injections in a randomized clinical trial.
Joints. 2017;5:152-5. Recent RCT comparing PRP to HA for
early hip OA. For moderate signs of hip OA, PRP and HA
both demonstrated significantly improved symptomatic out-
come measures at 6- and 12-month follow-up; however, there
was no significant difference between PRP and HA.

Sante LD, Villani C, Santilli V, Valeo M, Bologna E, Imparato L,
et al. Intra-articular hyaluronic acid vs platelet-rich plasma in the
treatment of hip osteoarthritis. Med Ultrason. 2016;18:463-8.
Cole BJ, Karas V, Hussey K, Merkow DB, Pilz K, Fortier LA.
Hyaluronic acid versus platelet-rich plasma: a prospective,
double-blind randomized controlled trial comparing clinical out-
comes and effects on intra-articular biology for the treatment of
knee osteoarthritis. Am J Sports Med. 2017;45:339—46.

Duymus TM, Mutlu S, Dernek B, Komur B, Aydogmus S,
Kesiktas FN. Choice of intra-articular injection in treatment of
knee osteoarthritis: platelet-rich plasma, hyaluronic acid or ozone
options. Knee Surg Sports Traumatol Arthrosc. 2017;25:485-92.
Gormeli G, Goérmeli CA, Ataoglu B, Colak C, Aslantiirk O, Ertem
K. Multiple PRP injections are more effective than single injec-
tions and hyaluronic acid in knees with early osteoarthritis: a ran-
domized, double-blind, placebo-controlled trial. Knee Surg Sports
Traumatol Arthrosc. 2017;25:958-65.

Lana JFSD, Weglein A, Sampson SE, Vicente EF, Huber SC,
Souza CV, et al. Randomized controlled trial comparing
hyaluronic acid, platelet-rich plasma and the combination of both
in the treatment of mild and moderate osteoarthritis of the knee. J
Stem Cells Regen Med. 2016;12:69-78.

Montafiez-Heredia E, Irizar S, Huertas PJ, Otero E, del Valle M,
Prat I, et al. Intra-articular injections of platelet-rich plasma versus
hyaluronic acid in the treatment of osteoarthritic knee pain: a ran-
domized clinical trial in the context of the Spanish National Health
Care System. Int J Mol Sci [Internet]. 2016 [cited 2018 Mar
12];17. Available from: https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC4964440/.


http://link.springer.com/10.1007/s00167-016-4261-4
http://link.springer.com/10.1007/s00167-016-4261-4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4964440/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4964440/

Curr Rev Musculoskelet Med

81.

82.

83..

84.

85..

86.¢

87.

88.

89.

90.

Paterson KL, Nicholls M, Bennell KL, Bates D. Intra-articular
injection of photo-activated platelet-rich plasma in patients with
knee osteoarthritis: a double-blind, randomized controlled pilot
study. BMC Musculoskelet Disord [Internet]. 2016 [cited 2018
Mar 12];17. Available from: https://www.ncbi.nlm.nih.gov/pme/
articles/PMC4748460/.

Simental-Mendia M, Vilchez-Cavazos JF, Pena-Martinez VM,
Said-Fernandez S, Lara-Arias J, Martinez-Rodriguez HG.
Leukocyte-poor platelet-rich plasma is more effective than the
conventional therapy with acetaminophen for the treatment of
early knee osteoarthritis. Arch Orthop Trauma Surg. 2016;136:
1723-32.

Smith PA. Intra-articular autologous conditioned plasma injec-
tions provide safe and efficacious treatment for knee osteoarthritis:
an FDA-sanctioned, randomized, double-blind, placebo-
controlled clinical trial. Am J Sports Med. 2016;44:884-91.
Double-blind RCT demonstrating safety and efficacy of PRP
for knee OA compared to saline placebo.

Vaquerizo V, Plasencia MA, Arribas I, Seijas R, Padilla S, Orive
G, et al. Comparison of intra-articular injections of plasma rich in
growth factors (PRGF-Endoret) versus durolane hyaluronic acid
in the treatment of patients with symptomatic osteoarthritis: a ran-
domized controlled trial. Arthroscopy. 2013;29:1635-43.

Shen L, Yuan T, Chen S, Xie X, Zhang C. The temporal effect of
platelet-rich plasma on pain and physical function in the treatment
of knee osteoarthritis: systematic review and meta-analysis of ran-
domized controlled trials. J Orthop Surg [Internet]. 2017 [cited
2017 Jul 8];12. Available from: http://josr-online.biomedcentral.
com/articles/10.1186/s13018-017-0521-3. Recent systematic
review and meta-analysis of RCTs evaluating PRP for knee
OA. Intra-articular PRP injections appear to be superior in
treating pain relief and function symptoms of OA at 3, 6, and
12 months follow-up, compared with other injections, includ-
ing saline placebo, HA, ozone, and corticosteroids.

Riboh JC, Saltzman BM, Yanke AB, Fortier L, Cole BJ. Effect of
leukocyte concentration on the efficacy of platelet-rich plasma in
the treatment of knee osteoarthritis. Am J Sports Med. 2016;44:
792-800. Recent review outlining that leukocyte-poor prepa-
rations of PRP (LP-PRP) are superior in treating knee OA
symptoms compared to leukocyte-rich PRP (LR-PRP)
preparations.

Cerza F, Carni S, Carcangiu A, Di Vavo I, Schiavilla V, Pecora A,
et al. Comparison between hyaluronic acid and platelet-rich plas-
ma, intra-articular infiltration in the treatment of gonarthrosis. Am
J Sports Med. 2012;40:2822-7.

Sanchez M, Fiz N, Azofra J, Usabiaga J, Aduriz Recalde E, Garcia
Gutierrez A, et al. A randomized clinical trial evaluating plasma
rich in growth factors (PRGF-Endoret) versus hyaluronic acid in
the short-term treatment of symptomatic knee osteoarthritis.
Arthroscopy. 2012;28:1070-8.

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 J
Sports Med. 2013;41:356-64.

Hart R, Safi A, Komzak M, Jajtner P, Puskeiler M, Hartova P.
Platelet-rich plasma in patients with tibiofemoral cartilage degen-
eration. Arch Orthop Trauma Surg. 2013;133:1295-301.

91

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Filardo G, Di Matteo B, Di Martino A, Merli ML, Cenacchi
A, Fornasari P, et al. Platelet-rich plasma intra-articular knee
injections show no superiority versus viscosupplementation:
a randomized controlled trial. Am J Sports Med. 2015;43:
1575-82.

Civinini R, Nistri L, Martini C, Redl B, Ristori G, Innocenti M.
Growth factors in the treatment of early osteoarthritis. Clin Cases
Miner Bone Metab. 2013;10:26-9.

Carballo CB, Nakagawa Y, Sekiya I, Rodeo SA. Basic science of
articular cartilage. Clin Sports Med. 2017;36:413-25.

Rayegani SM, Raeissadat SA, Taheri MS, Babace M, Bahrami
MH, Eliaspour D, et al. Does intra articular platelet rich plasma
injection improve function, pain and quality of life in patients with
osteoarthritis of the knee? A randomized clinical trial. Orthop Rev
[Internet]. 2014 [cited 2018 Mar 12];6. Available from: https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC4195987/.

Braun HJ, Kim HJ, Chu CR, Dragoo JL. The effect of platelet-rich
plasma formulations and blood products on human s implications
for intra-articular injury and therapy. Am J Sports Med. 2014;42:
1204-10.

Rowden A, Dominici P, D’Orazio J, Manur R, Deitch K, Simpson
S, et al. Double-blind, randomized, placebo-controlled study eval-
uating the use of platelet-rich plasma therapy (PRP) for acute
ankle sprains in the emergency department. J Emerg Med.
2015;49:546-51.

Laver L, Carmont MR, McConkey MO, Palmanovich E, Yaacobi
E, Mann G, et al. Plasma rich in growth factors (PRGF) as a
treatment for high ankle sprain in elite athletes: a randomized
control trial. Knee Surg Sports Traumatol Arthrosc. 2015;23:
3383-92.

Hamid MS A, Mohamed Ali MR, Yusof A, George J, Lee LPC.
Platelet-rich plasma injections for the treatment of hamstring inju-
ries: a randomized controlled trial. Am J Sports Med. 2014;42:
2410-8.

Reurink G, Goudswaard GJ, Moen MH, Weir A, Verhaar JAN,
Bierma-Zeinstra SMA, et al. Platelet-rich plasma injections in
acute muscle injury. N Engl J Med. 2014;370:2546-7.
Marcazzan S, Taschieri S, Weinstein RL, Del Fabbro M. Efficacy
of platelet concentrates in bone healing: a systematic review on
animal studies—part B: large-size animal models. Platelets.
2017;1-9.

Dulgeroglu TC, Metineren H. Evaluation of the effect of platelet-
rich fibrin on long bone healing: an experimental rat model.
Orthopedics. 2017;40:e479-84.

Gianakos A, Zambrana L, Savage-Elliott I, Lane JM, Kennedy JG.
Platelet-rich plasma in the animal long-bone model: an analysis of
basic science evidence. Orthopedics. 2015;38:¢1079-90.

Guzel Y, Karalezli N, Bilge O, Kacira BK, Esen H, Karadag H,
et al. The biomechanical and histological effects of platelet-rich
plasma on fracture healing. Knee Surg Sports Traumatol Arthrosc.
2015;23:1378-83.

Roffi A, Di Matteo B, Krishnakumar GS, Kon E, Filardo G.
Platelet-rich plasma for the treatment of bone defects: from pre-
clinical rational to evidence in the clinical practice. A systematic
review. Int Orthop. 2017;41:221-37.

@ Springer


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4748460/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4748460/
http://josr-online.biomedcentral.com/articles/10.1186/s13018-017-0521-3
http://josr-online.biomedcentral.com/articles/10.1186/s13018-017-0521-3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4195987/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4195987/

	Current Clinical Recommendations for Use of Platelet-Rich Plasma
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Preparation and Composition
	Treatment of Tendon Injuries
	Lateral Epicondylitis
	Patellar Tendinopathy
	Achilles Tendinopathy
	Rotator Cuff Tendinopathy
	Plantar Fasciitis

	Surgical Augmentation
	Rotator Cuff Repair
	Achilles Tendon Repair
	Anterior Cruciate Ligament Surgery

	Osteoarthritis
	Osteoarthritis of the Knee
	Osteoarthritis of the Hip

	Ankle Sprains
	Muscle Injuries
	Fracture and Nonunion Management
	Conclusion and Summary of Recommendations
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



