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Abstract
Purpose of Review The orthopedic community has seen a rapid rise in the clinical use of platelet-rich plasma (PRP) in the
management of shoulder pathologies over the past decade. The purpose of this paper is to review the current literature regarding
the indications and outcomes of PRP for the surgical and non-surgical management of common shoulder pathologies, including
rotator cuff tears.
Recent Findings Multiple studies have been published recently regarding the use of PRP for the operative and non-operative
treatment of rotator cuff tears. There has been less research published on the use of PRP in the management of other conditions of
the shoulder. Despite attempts to standardize and classify PRP formulations, there remains great variation in the inter- and intra-
subjection composition, preparation, and administration techniques of PRP, limiting the conclusions that can be drawn regarding
the utility and effectiveness of this biologic treatment as reported byMazzocca et al. (J Bone Joint Surg Am. 94(4):308–16, 2012).
Summary Recent literature has shown equivocal to minor benefit of PRP use for shoulder pain, function, and healing. While few
complications have been reported and PRP administration appears to carry little risk to the patient, the body of literature is
currently inconclusive regarding the clinical benefit and cost-effectiveness of PRP in the treatment of shoulder pathology. As for
PRP use specifically as an adjunct to surgical rotator cuff repairs, there is no clear consensus on its effectiveness in either clinical
or structural outcomes. To further delineate the efficacy of PRP for shoulder pathology, it is essential that more double-blinded,
randomized controlled investigations with large sample sizes and standardized PRP preparations be performed.
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Introduction

The medical community as a whole, and in particular ortho-
pedic surgery, has seen a rapid rise in the clinical use of
platelet-rich plasma (PRP) over the past decade [1, 2]. As an
autologous derivative of whole blood, PRP is richwith growth
factors that are theorized to modulate the inflammatory path-
way and to encourage healing of tendon, ligament, muscle,
and bone [2–5]. The potential for biologic healing augmenta-
tion combined with low risk for adverse reaction makes PRP

an attractive treatment option for many musculoskeletal pa-
thologies [6•]. However, while the basic science is compel-
ling, clinical outcome studies on the efficacy of PRP is con-
flicting and unclear, leaving the need for future large, prospec-
tive randomized controlled trials. The purpose of this paper is
to review the current literature on common indications and
outcomes for the use of PRP in the non-operative and opera-
tive management of common shoulder pathologies: rotator
cuff tendinopathy, biceps tendinopathy, rotator cuff tears,
and labral tears.

Basics of PRP

PRP prepared and administered for clinical purposes is the
delivery of autologous human plasma-containing platelets
and associated growth factors at supra-physiologic levels [2,
3]. Blood is drawn from a peripheral vein and centrifuged to
separate the whole blood components into layers. A high
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concentration of platelets can then be mixed with a small
amount of plasma and injected at a site of injury [5]. Current
theories suggest that the local release of growth factors
contained in PRP such as transforming growth factor beta,
basic fibroblast growth factor, platelet-derived growth factor,
and connective tissue growth factor, combined with high con-
centrations of activated platelets, stimulate healing and pro-
mote growth of muscle and tendon [7, 8].

Significant variability exists in the methods used to prepare
PRP, resulting in differences in blood component concentra-
tions and biomolecular characteristics. Additionally, the final
concentration of platelets, growth factors, and leukocytes has
been shown to vary between and within patients as well [9].
The varying quality and preparations of PRPmake comparison
amongst clinical research studies challenging. Attempts to clas-
sify and standardize preparations have beenmade; however, no
consensus has been reached by either basic scientists or clini-
cians on the optimal preparation [10]. Leukocyte-poor (LP)-
PRP and pure (P)-PRP formulations are prepared using only
the plasma layer of the centrifuged blood sample, while
leukocyte-rich (LR)-PRP preparations also include part of the
leukocyte-containing buffy coat layer [11]. The benefits of in-
cluding leukocytes in the final concentration remain particular-
ly controversial. While some studies suggest that LR-PRP has
an immunity-regulating property, as well as pain relief benefits
in the medium to long term, other researchers believe that the
presence of leukocytes in PRP is a cause of inflammation,
decreasing the likelihood of successful surgical repair [11].

Non-surgical indications and outcomes
for PRP in the shoulder

PRP has shown potential for its use in the non-surgical man-
agement of various shoulder pathologies. A growing body of
literature exists regarding the use of PRP in treating rotator cuff
tears; however, there remains great variation in PRP prepara-
tions and methods of administration, limiting the collective
conclusion of these studies [1, 12, 13]. For select patients with
rotator cuff tears, non-surgical measures such as strengthening
exercises, NSAIDs, and corticosteroid injections may effective-
ly address clinical symptoms and functional deficits [14]. The
proposed role of PRP in the non-operative treatment of rotator
cuff tears is to decrease pain and inflammation and potentially
to stimulate healing, providing a viable alternative to surgery.
Specifically, PRP has been studied as an alternative to cortico-
steroid injection. Shams et al. conducted a prospective random-
ized controlled study to evaluate sub-acromial PRP injections
versus corticosteroid injections in 40 patients with symptomatic
partial rotator cuff tears at 6-weeks, 12-week, and 24-week time
points [14]. Both injection groups showed a statistically signif-
icant improvement in clinical outcomes compared with before
injection. At 12 weeks after injection, the PRP group

demonstrated a statistically significant improvement in the
American Shoulder and Elbow Surgeons Standardized
Shoulder Assessment Form (ASES), the Constant-Murley
Score (CMS), the Simple Shoulder Test (SST), and a Visual
Analog Scale (VAS) for pain. There was no difference in any of
the outcome scores in the two injection groups at the 24-week
time point. The study presented evidence for PRP injection as a
good alternative to corticosteroid injection for patients with
partial rotator cuff tears, especially in patients with a contrain-
dication to corticosteroid administration.

Alternatively, other studies have shown no clear outcome
benefit of PRP compared to a placebo control in the non-
operative treatment of rotator cuff tears. Kesikburun et al. car-
ried out a double-blinded randomized controlled trial of 40
patients with rotator cuff tendinopathy or partial tears [15•].
Patients either received PRP or a placebo injection (saline
solution) followed by participation in a rehabilitation pro-
gram. Twenty patients were randomized into each group,
and outcome measures such as the Western Ontario Rotator
Cuff Index (WORC), Shoulder Pain and Disability Index
(SPADI), VAS of shoulder pain with the Neer test, and shoul-
der range of motion were assessed at baseline and at 3 weeks,
6 weeks, 12 weeks, 24 weeks, and 1 year after injection. They
found no difference in pain or functional outcome scores at
any time point up to 1 year.

At the time of this publication, very few studies have been
published regarding the efficacy of PRP in treating calcific
tendonitis and sub-acromial bursitis and no studies have been
published regarding its use in treating biceps tendinopathy or
labral tears. Therefore, the role of PRP in managing these
conditions must be extrapolated from anecdotal experiences
of shoulder and sports surgeons, and the existing data from its
other uses. One randomized controlled trial by Say et al. com-
pared the efficacy of a single sub-acromial PRP injection with
a single sub-acromial corticosteroid injection in 50 patients
with calcific tendonitis who had failed treatment with
NSAIDs and exercise therapy for at least 3 months [16•].
Mean Constant-Murley scores improved from 40.9 to
43.8 at week 6 and to 52.5 at month 6 in the PRP group,
compared to an improvement from 38.3 (p = 0.182) to 59.1
(p < 0.001) at week 6 and 65.5 (p < 0.001) at month 6 in the
corticosteroid group. Similarly, mean VAS scores improved
from 7.5 to 5.1 at week 6 and 5.3 at month 6 in the PRP group,
compared to an improvement from 7.8 (p = 0.508) to 3.0
(p < 0.001) at week 6 and 2.1 (p < 0.001) at month 6. There
was no significant difference in shoulder range of motion be-
tween the two groups. More recently, a randomized controlled
trial by Nejati et al. compared targeted physical therapy for a
3-month period with a series of two sub-acromial PRP injec-
tions over a 3-month period for the treatment of sub-acromial
impingement [17]. Both groups improved from their baseline;
however, at months 1 and 3 following the completion of treat-
ment, the physical therapy group was significantly superior in
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pain improvement, shoulder flexion and abduction, and shoul-
der function. Mean DASH scores in the PRP group improved
from 54.2 to 45.1 at month 1 and 30.7 at month 3, as compared
to the physical therapy group where DASH scores improved
from 50.5 (p = 0.53) to 35.0 (p < 0.01) at month 1 and 30.7
(p < 0.01) at month 3. These studies provide evidence that
PRP alone can improve pain, range of motion, and function
in patients with calcific tendonitis and sub-acromial bursitis,
but remains inferior to the more established corticosteroid
injections and physical therapy.

While some studies have shown therapeutic benefit for the
use of PRP in non-operative treatment of rotator cuff tears, no
consensus has been established in the literature, as other stud-
ies have shown no clear benefit of PRP over corticosteroid
injection or physical therapy. There has been little published
regarding negative outcomes from PRP use, so it may be a
viable treatment method in specific populations, such as pa-
tient for whom corticosteroid use is a concern. Currently, there
is little evidence to support PRP’s use in treating rotator cuff
tendinopathy, biceps tendinopathy, and labral tears. Research
in this area should continue to expand.

Surgical indications and outcomes for PRP
in the shoulder

There has been a significant increase in the adjunctive use of
PRP in rotator cuff repairs, mirrored by a growth in the num-
ber of studies published regarding its efficacy in this context in
reducing post-operative pain, improving healing of repairs,
and reducing risk for re-tear [1, 18–20]. However, despite
multiple level I studies on these topics, conclusions are limited
by heterogeneity with regard to platelet concentration, method
of administration, tear size, and cuff repair technique.

Several studies have examined clinical outcomes after the
use of PRP in the surgical treatment of rotator cuff repairs. In a
prospective, double-blinded randomized controlled trial,
Randelli et al. tested the potential effect of PRP on pain and
functional outcome scores in the setting arthroscopic repairs
of full-thickness rotator cuff tears. The PRP group was com-
pared to a control group (no PRP application), and both were
evaluated using validated outcome scores. The pain score in
the PRP group was lower than the control group at 3, 7, 14,
and 30 days after surgery. The Simple Shoulder Test (SST),
University of California (UCLA), and Constant scores were
significantly higher in the treatment group, and strength in
external rotation was greater at 3 months after surgery.
However, there was no significant difference in all clinical
outcome measures between the two groups after 6, 12, and
24 months post-surgery. Likewise, a recent meta-analysis by
Hurley et al. examined the efficacy of PRP in arthroscopic
rotator cuff repairs and included 18 randomized controlled
trials with 1147 total patients [21•]. The analysis found that

PRP use significantly decreased rates of incomplete tendon
healing in small-medium tears, medium-large tears, and all
tears combined compared to the control groups. There was a
significant result in favor of PRP use for the Constant score
and the visual analog scale (VAS) for pain at 30 days post-
operatively and at final follow-up compared to the control
groups (no PRP). A systematic review of meta-analyses by
Saltzman et al. in 2015 assessed whether PRP administered
at the time of rotator cuff repair surgery improved clinical
outcomes compared to control cohorts with no PRP adminis-
tered [22]. The seven meta-analyses included looked at a
mean follow-up of 12–31 months in a total of 3193 overlap-
ping patients. No consistent clinical difference was found in
the clinical outcome measures assessed: Constant (no differ-
ence in 5 of 6 meta-analyses), UCLA (6 of 6), ASES (4 of 4),
and SST (3 of 5). One of the meta-analyses included in that
systematic review, byWarth et al., performed a subgroup anal-
ysis of the Constant scores across their included studies [23].
They found a lower gain in Constant score when liquid PRP
was applied over the tendon surface compared to when it was
applied at the tendon-bone interface (− 6.48 v + 0.78, p =
0.046); however, the gain was not enough to reach clinical
significance.

There have also been multiple studies published examining
structural outcomes following the use of PRP in the surgical
treatment of rotator cuff tears. Jo et al., in a randomized con-
trolled trial, showed improvement in structural outcomes in
patients who received PRP and underwent arthroscopic rotator
cuff repair of large to massive tears [24•]. Only 3.0% of the
patients in the PRP group experienced a re-tear compared to
20.0% of patients in the control group (no PRP), a significant
difference (p < 0.05). They also found that the 1-year post-
operative cross-sectional area as assessed by MRI and imme-
diately post-operative cross-sectional area of the supraspinatus
tendon was significantly increased in the PRP group. They
concluded that PRP use increases the quality of the tendon
healing post-operatively. There was no difference in speed of
healing and functional outcomes between the two groups.
Two years later in 2015, the same group published a similar
study looking at the effect of PRP on medium to large rotator
cuff tears undergoing arthroscopic repairs [25]. The results
were similar, showing a decrease in re-tear rates and an in-
crease in surface area of tendon repair in the PRP group, with
no difference in outcomes or speed of healing. In the sub-
group meta-analysis by Warth et al., comparing the effective-
ness of PRP-augmented arthroscopic rotator cuff repairs with
control cases (no PRP), PRP had a large re-tear reduction
effects when used after double-row rotator cuff repairs in pa-
tients with initial tear sizes > 3 cm (25.9% v 57.1%, p = 0.046)
[23]. They also found larger re-tear reduction effects when
platelet-rich fibrin matrix (PRFM) was used as opposed to
liquid PRP (14.8% v 46.8%, p = 0.054). The meta-analysis
by Vavken et al. also assessed re-tear rate as it related to
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PRP with a focus on its cost-effectiveness in that context [26].
They similarly found that PRP decreased the relative risk of
re-tear after arthroscopic repair of small to medium tears (<
3 cm) with a p value of 0.038. However, the gain of 0.0059
quality-adjusted years with PRP augmentation was only cost-
effective when the preparation and administration of PRP cost
less than $652.11. They concluded that PRP in this context
was not cost-effective, with standard preparations of PRP
ranging from $450 to $2500 on average at the time of
publication.

Few studies have been published on the efficacy of PRP in
the surgical treatment of other conditions of the shoulder. A
randomized controlled trial by Carr et al. assessed the efficacy
of arthroscopic acromioplasty alone versus arthroscopic
acromioplasty with PRP injection for the treatment of rotator
cuff tendinopathy. The study group was comprised of 60 ran-
domized patients with clinical and radiographic-proven rota-
tor cuff tendinopathy, and 2-year outcomes were based on
patient-reported Oxford Shoulder Scores (OSS) and tissue bi-
opsy Bonar scores [27]. Though OSS improved in the 2 years
following intervention for both groups, there was no signifi-
cant difference (p < 0.001) between the groups at any time
point. On the other hand, shoulders cotreated with PRP
showed reduced cellularity and vascularity and increased
levels of apoptosis relative to the group that received arthro-
scopic acromioplasty alone. Similarly, a randomized con-
trolled trial by Verhaegen et al. compared PRP-augmented
arthroscopic needling with unaugmented arthroscopic nee-
dling in patients with chronic symptomatic calcific tendonitis
[28]. Sub-acromial decompression was also performed in pa-
tients with evidence of impingement of the coracoacromial
ligament (65% of patients in each group). Though patients in
both groups improved significantly from their pre-operative
state, there was no significant difference between the two
groups at 6 weeks, 3 months, 6 months, and 1 year post-
operatively in Constant, modified Constant, QuickDASH, or
SST scores. Additionally, ultrasound at 3 and 6 months and
MRI at 1 year showed no significant differences between the
two groups. At the time of this publication, no articles were
found in our literature review regarding the use of PRP for the
surgical treatment of proximal biceps tendinopathy or labral
tears.

Discussion and future directions

The use of PRP in orthopedic surgery is becoming more com-
mon, with increasing use in the shoulder in both operative and
non-operative settings [1, 13, 25]. According to basic science
and animal research, PRP is thought to promote healing and
stimulate growth by the release of growth factors from a high
concentration of activated platelets [23, 24•, 26, 27]. Yet de-
spite this exciting promise, human subject research with PRP

has not produced consistent results in favor of its use in either
operative or non-operative conditions of the shoulder, and
thus, no consensus exists regarding its therapeutic guidelines
or application.

There are some limitations in the study of the efficacy of
PRP for the treatment of shoulder pathology. One limitation
includes the lack of standardized dosing, formulation, and
concentration of the platelets and growth factors that comprise
PRP. Additionally, the benefit of including leukocytes in PRP
preparations remains a point of controversy. The application
of PRP can also differ between administering clinicians, as
there is no standardized technique. These variations make
cross-study comparisons difficult to interpret.

Based on our review of the current literature, evidence in
favor of PRP use for operative and non-operativemanagement
of shoulder conditions is inconsistent and cannot be absolutely
supported or refuted. The potential benefits of PRP, perhaps
not yet elucidated, could outweigh the risks, which are mini-
mal. Additionally, cost-benefit analyses of PRP in rotator cuff
repairs indicate that the benefits of its use do not compensate
for current costs [26]. To further delineate the efficacy and
cost-effectiveness of PRP for shoulder pathology, it is essen-
tial that more double-blinded, randomized controlled investi-
gations with large sample sizes and optimized PRP prepara-
tions be performed.
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