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Systematic Review

The Role of Platelet-Rich Plasma in Arthroscopic Rotator Cuff
Repair: A Systematic Review With Quantitative Synthesis

Jaskarndip Chahal, M.D., F.R.C.S.C., Geoffrey S. Van Thiel, M.D., M.B.A., Nathan Mall, M.D.,
Wendell Heard, M.D., Bernard R. Bach, M.D., Brian J. Cole, M.D., M.B.A.,

Gregory P. Nicholson, M.D., Nikhil N. Verma, M.D.,
Daniel B. Whelan, M.D., M.Sc., F.R.C.S.C., and Anthony A. Romeo, M.D.

Purpose: Despite the theoretic basis and interest in using platelet-rich plasma (PRP) to improve the
potential for rotator cuff healing, there remains ongoing controversy regarding its clinical efficacy.
The objective of this systematic review was to identify and summarize the available evidence to
compare the efficacy of arthroscopic rotator cuff repair in patients with full-thickness rotator cuff
tears who were concomitantly treated with PRP. Methods: We searched the Cochrane Central
Register of Controlled Trials, Medline, Embase, and PubMed for eligible studies. Two reviewers
selected studies for inclusion, assessed methodologic quality, and extracted data. Pooled analyses
were performed using a random effects model to arrive at summary estimates of treatment effect with
associated 95% confidence intervals. Results: Five studies (2 randomized and 3 nonrandomized with
comparative control groups) met the inclusion criteria, with a total of 261 patients. Methodologic quality
was uniformly sound as assessed by the Detsky scale and Newcastle-Ottawa Scale. Quantitative synthesis
of all 5 studies showed that there was no statistically significant difference in the overall rate of rotator cuff
retear between patients treated with PRP and those treated without PRP (risk ratio, 0.77; 95% confidence
interval, 0.48 to 1.23). There were also no differences in the pooled Constant score; Simple Shoulder Test
score; American Shoulder and Elbow Surgeons score; University of California, Los Angeles shoulder
score; or Single Assessment Numeric Evaluation score. Conclusions: PRP does not have an effect on
overall retear rates or shoulder-specific outcomes after arthroscopic rotator cuff repair. Additional
well-designed randomized trials are needed to corroborate these findings. Level of Evidence: Level III,
systematic review of Level I, II, and III studies.
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Rotator cuff tears are a common cause of shoulder
pain, and it has been estimated that greater than

5,000 rotator cuff repairs are performed annually in
he United States.1,2 Over the last 2 decades, the
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surgical treatment of rotator cuff tears has evolved
from open repair with transosseous sutures to, more
recently, all-arthroscopic techniques including single-
row, double-row, and transosseous-equivalent suture

(J.C., G.S.V., N.M., W.H., B.R.B., B.J.C., G.P.N., N.N.V., A.A.R.),
rogram at Women’s College Hospital (J.C., D.B.W.), Toronto,

ship and publication of this article.

University Medical Center Program, 1611 W Harrison St, Ste 300,
ery, Vol 28, No 11 (November), 2012: pp 1718-1727
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1719PLATELET-RICH PLASMA IN RCR
anchor constructs.3 Despite variations in technique,
he emphasis over this period has largely been on
iomechanical principles and optimizing the strength
f the repair. Gerber et al.4 have proposed that an ideal
otator cuff tear would have high initial fixation
trength, permit minimal gap formation, and sustain
echanical stability until healing has occurred.5 Ad-

ditional work has been focused on the utilization
of stronger sutures, knot-tying techniques, and re-
creation of the footprint through double-row repairs.3

A recent meta-analysis by Dehaan et al.5 showed a
strong trend (P � .057) toward higher failure rates in
patients undergoing single-row compared with double-
row rotator cuff repair, which is consistent with the
superiority of double-row repairs that has been ob-
served in biomechanical studies.6 However, even in
patients undergoing double-row repairs, the pooled
retear rate (partial and complete) has been estimated to
be 27.3%,5 which suggests that the intrinsic potential
of the rotator cuff to heal back to the rotator cuff
footprint after repair remains a valid concern.

Despite improvements in pain and function after
rotator cuff repair, tendon failure has been historically
reported to be 11% to 95% at 2-year follow-up.1 Other
than the biomechanical causes highlighted earlier, ad-
ditional factors associated with retear after rotator cuff
repair include patient-related factors (e.g., increasing
patient age, tear size, tissue quality, systemic disease,
and smoking), extrinsic factors (e.g., overaggressive
postoperative rehabilitation), and biological factors
(e.g., failure to restore normal histology at the repair
site).1,7 Although improved biomechanics may mod-
stly improve healing, it appears that biological aug-
entation of the healing process needs to be investi-

ated to further reduce failure rates by improving
endon-to-bone integration.8 Biological strategies that
re currently under investigation include the use of
rowth factors and cytokines, gene therapy, tendon
ugmentation grafts/scaffolds, and tissue engineering
ith mesenchymal stem cells.8

The use of platelet-rich plasma (PRP) or platelet-
rich fibrin matrix as a biological solution to improve
rotator cuff tendon healing has gained popularity over
the last several years. PRP, most simply defined as a
sample of autologous blood with concentrations of
platelets above baseline values, can be applied by
either direct injection or physical application of a PRP
matrix scaffold to repaired tissues.9-11 After an initial
elease of growth factors from alpha granules, admin-
stered platelets will go on to synthesize and secrete
dditional factors for 7 to 10 days, which coincides

ith the inflammatory and repair phases of tendon
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ealing.8,11 Although there is variability among dif-
ferent commercially available products, the main
growth factors in PRP are transforming growth factor
�1, platelet-derived growth factor, vascular endothe-
lial growth factor, hepatocyte growth factor, and
insulin-like growth factor 1. These autologous growth
factors may play a role in regeneration of tendon
tissue through increased tendon cell proliferation, col-
lagen synthesis, and vascularization.1,11 At present,
there are ample basic science and animal data that
have shown the positive effect of PRP on tendon
collagen deposition and tendon vascularization.12-14

Despite the strong theoretic basis and interest in
using PRP to improve the potential for rotator cuff
healing, there remains ongoing controversy regarding
the clinical efficacy of PRP. To our knowledge, there
is no systematic review published in the literature that
has addressed this controversy. The objective of this
systematic review was to identify and summarize the
available evidence to determine the efficacy of ar-
throscopic rotator cuff repair in patients with full-
thickness rotator cuff tears who were concomitantly
treated with PRP. We hypothesized that there would
be no difference in retear rates or functional outcomes
among patients who did receive administration of PRP
during arthroscopic repair of full-thickness rotator
cuff tears and those who did not.

METHODS

Inclusion Criteria
Types of Studies and Interventions: Published

randomized controlled trials, as well as cohort studies
with a comparative control group, that analyzed the
efficacy of PRP in patients undergoing arthroscopic
repair of full-thickness rotator cuff tears were in-
cluded. A minimum of 1 year of clinical follow-up
was also required for inclusion.

Types of Participants: Patients aged 18 years or
older diagnosed with a full-thickness tear of at least 1
rotator cuff tendon were included.

Outcomes

The primary outcome of interest was the rotator cuff
retear rate after arthroscopic rotator cuff repair (bino-
mial variable). Secondary outcomes of interest (when
available) included (1) disease-specific quality of life
as measured by the Western Ontario Rotator Cuff
index and (2) shoulder-specific patient-reported out-
come measures (continuous variables) including the

Disabilities of the Arm, Shoulder and Hand question-

linicalKey.com by Elsevier on December 31, 2018.
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1720 J. CHAHAL ET AL.
naire15,16; University of California, Los Angeles
(UCLA) outcome score17; Constant-Murley outcome
score18; Pennsylvania Shoulder Score19; American

houlder and Elbow Surgeons (ASES) outcome
core20; Simple Shoulder Test (SST) score21;

L’Insalata scoring system22; and visual analog scale
or pain.

earch Strategy

We used a text search strategy using the terms
rotator cuff AND (platelet OR platelet-rich OR
RP).” Specifically, we searched the Cochrane Cen-

ral Register of Controlled Trials (fourth quarter of
011), Medline (1946 to week 3 of December 2011),
mbase (1980 to week 52 of 2011), PubMed (Decem-
er 30, 2011), and www.clinicaltrials.gov for com-
leted and ongoing randomized controlled trials. We
lso assessed the bibliographies of identified studies to
eek additional articles. We did not restrict our search
r inclusion by language. The final list of eligible
tudies was reviewed with content experts to ensure
hat there were no missing published manuscripts rel-
vant to this review.

tudy Selection

The primary author parsed through all citations
nd abstracts generated by the literature search and
pplied selection criteria with a tendency toward
nclusion for published manuscripts. Identified
tudies were subsequently assessed by 2 reviewers
or inclusion. Each investigator independently as-
essed each full report to determine whether it met
he inclusion criteria. Disagreements were resolved
y discussion and consensus. Titles of journals and
ames of authors or supporting institutions were not
asked at any stage.

ata Extraction and Management

Data were extracted independently from included
tudies by 2 reviewers on data abstraction forms. All
xtracted data were imported into a meta-analysis
oftware package (RevMan version 5.1; The Cochrane
ollaboration, Oxford, England) for statistical pooling
nd analysis.

ssessment of Risk of Bias in Included Studies

The Detsky scale was used to evaluate the quality
f included randomized controlled trials in this
tudy.23 The Detsky scale is a 21-item instrument

22 for negative trials) and has been used previously
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o grade orthopaedic randomized controlled trials
n several domains, including randomization (out of 4),
utcome measurement and blinding (out of 4), inclusion
nd exclusion criteria (out of 4), description of treatment
out of 4), and statistical methodology (out of 4 if

positive trial; out of 5 if a negative trial).24 The
Newcastle-Ottawa Scale (NOS)25 was used to evalu-
te nonrandomized (case-control and cohort) studies.
he NOS uses a star system (out of 9 stars) to allow a
emiquantitative assessment of study quality for the
ollowing domains: selection (0 to 4 stars), compara-
ility (0 to 2 stars), and outcome/exposure (0 to 3
tars). For both the Detsky scale and NOS, higher
cores represent higher study quality. Two review
uthors independently scored the methodologic qual-
ty of included studies. Consensus agreement was
chieved between reviewers.

nalysis

For binary outcomes, the pooled risk ratio (RR) was
alculated. For continuous outcomes, the mean differ-
nce was calculated. Ninety-five percent confidence
ntervals (CIs) were calculated for all point estimates.
he number needed to treat for statistically significant
inomial outcomes was determined, along with their
5% CIs. The I2 statistic26 was used to quantify het-
rogeneity, whereas the Cochran �2 test of homoge-

neity (i.e., Q test, P � .10) was used to test for
heterogeneity.

Data from eligible studies were pooled using a
random effects model (v fixed effects) because of
the anticipated heterogeneity across individual
study populations and across rotator cuff repair
techniques, as well as differences in PRP formula-
tions and delivery methods of such products and
differences in postoperative physical therapy proto-
cols. Subgroup analyses that were planned a priori
included analyzing retear rates based on the size of
rotator cuff tears and the use of single-row versus
double-row repair techniques.

A sensitivity analysis was used by removing 1
study at a time from the pooled analysis for rotator
cuff retears and functional outcome, as well as by
performing subgroup analyses based on study ran-
domization. In situations where studies reported
median and range data, established statistical meth-
ods were used to obtain converted mean and stan-
dard deviation values so that data could be pooled

across studies.27

linicalKey.com by Elsevier on December 31, 2018.
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RESULTS

eneral Study Characteristics

The results of the search, the study selection log,
nd the number of studies are reported in Fig 1. We

included 2 Level I randomized controlled trials,28,29

1 case-control study,30 1 prospective cohort study with
a concurrent control group,31 and 1 prospective cohort
tudy with a historical control group32 in this review.
he baseline characteristics of included studies are

eported in Table 1.
The mean clinical follow-up across the 5 included

studies ranged from 18.9 to 31 months, whereas the
mean radiologic follow-up ranged from 4 to 22
months. In total, the 5 included studies had a total
enrollment of 261 patients. Data pertaining to sex
were available in 4 studies,28-31 and 107 of 223 pa-
tients (48%) were men. The overall clinical and ra-
diologic follow-up rates were 96.6% (252 of 261
patients) and 88.9% (232 of 261 patients), respec-

FIGURE 1. Search strategy
results.
tively. The mean age of the participants across all
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studies was 58.9 years. All studies determined the rate
of retear after arthroscopic rotator cuff repair. Mag-
netic resonance imaging was used for postoperative
imaging in 4 studies,28,30-32 whereas 1 study used a
ombination of magnetic resonance imaging and ul-
rasound (3 patients).29 The specific definitions used to
dentify a retear are listed in Table 1. The most com-
only reported shoulder-specific outcome measures
ere the total Constant score (all 5 studies), SST

core,29-31 ASES score,30-32 UCLA shoulder
core,29,31,32 and Single Assessment Numeric Evalua-

tion (SANE) score.30,32

The definition of small- and medium-sized tears for
this review was derived from the definitions put forth in
the included studies. Three studies identified small- and
medium-sized tears as those measuring less than 3 cm in
the anteroposterior dimension.28,30,31 In the study by
Randelli et al.,29 tears were graded according to the
amount of retraction. If the tear exposed the humeral
head but did not retract all the way to the glenoid surface,

it was defined as a small- or medium-sized tear. Tears

linicalKey.com by Elsevier on December 31, 2018.
right ©2018. Elsevier Inc. All rights reserved.



TABLE 1. Baseline Characteristics of Included Studies

Study Study Design Inclusion Criteria Details of Surgery PRP Formulation

Sample
Size

(% Male)

Mean
Age
(yr)

Follow-up
Rate (%)

Mean
Follow-up

(mo) Outcome Measures

Definition of
Rotator Cuff

Retear

Castricini
et al.28

(2011)

Level I
randomized

Isolated repairable
supraspinatus
tear

DR
1 Medial double-loaded

anchor � 2 lateral-
row anchors

Cascade PRP fibrin
matrix construct
(Musculoskeletal
Transplant
Foundation)

88 (45.5) 55.3 Clinical, 100
MRI, 88.6

20.2 Constant score (primary
outcome)

Retear rate—MRI

Full-thickness tear
defined as
absence of
visible tendon
fiber extending
across entire
tendon from
inferior to
superior

Randelli
et al.29

(2011)

Level I
randomized

FTRCT confirmed
intraoperatively
(all sizes)

SR
Mean no. of SA,

2 (PRP) or 1.6 (no
PRP)

GPS II (Plasmax
Platelet
Concentration
System; Biomet
Biologics)

53 (39.6) 60.5 Clinical and
MRI/US,
85

Clinical, 24
MRI/US, 21

with PRP
and 23 with
no PRP

Constant score (primary
outcome)

SST score
UCLA score
VAS score for pain

Retear rate—MRI and
US

Lack of continuity
of tendon in 1
slice of coronal
plane; very thin
bands of tissue
were identified
as failure of
healing

Barber et
al.30

(2011)

Level III case-
control
study

1- or 2-tendon
FTRCT
measuring 10-50
mm in width;
stage 2 FI or
lower

SR
1 or 2 double-loaded SA

Cascade PRP fibrin
matrix construct
(Musculoskeletal
Transplant
Foundation)

40 (67.5) 57 100 Clinical, 31
MRI, 4

ASES score
Constant score
Rowe score
SANE score
SST score

Retear rate—MRI
(primary outcome)

Full-thickness
rotator cuff
defect

Bergeson
et al.32

(2012)

Level III
prospective
cohort with
historical
control

High-risk tears
included per
algorithm score
�3*; minimum
age, 50 yr;
minimum tear
size, 2 cm

SR in majority
Mean no. of SA, 2.9 in

PRP/no PRP groups

Cascade PRP fibrin
matrix construct
(Musculoskeletal
Transplant
Foundation)

38 (NR) 65.0 Clinical and
MRI, 97.3

Clinical, 12 for
PRFM and
27 for no
PRFM MRI,
12

ASES score
Constant score
SANE score
UCLA score
WORC score

Retear rate—MRI

Full-thickness
defect in
repaired tendon
in which no
fibers were
visualized
spanning defect
in any MRI
plane

Jo et al.31

(2011)
Level II

prospective
cohort with
concurrent
control

FTRCT (all sizes) DR suture bridge
technique

2-5 medial-row SA �
lateral-row anchors

Plateletpheresis
system with
leukoreduction
set (COBE
Spectra LRS
Turbo; Caridian
BCT)

42 (45.2) 60.7 Clinical, 100
MRI, 76.2

18.9 for PRP
20.3 for no PRP

ASES score
Constant score
DASH score
SPADI
SST score
UCLA score

Retear rate—MRI

Sugaya method33;
type IV/V—
presence of
minor or major
discontinuity in
repaired tendon

Abbreviations: DASH, Disabilities of the Arm, Shoulder and Hand; DR, double row; FI, fatty infiltration; FTRCT, full-thickness rotator cuff tear; MRI, magnetic resonance imaging; NR, not reported;
PRFM, platelet-rich fibrin matrix; SA, suture anchors; SPADI, Shoulder Pain and Disability Index; SR, single row; US, ultrasound; VAS, visual analog scale; WORC, Western Ontario Rotator Cuff index.

*For the algorithm score, points were assigned for age (1 point for 50 to 59 years, 2 points for 60 to 69 years, and 3 points for �70 years), anterior-to-posterior tear size (0 points for 2 to 2.9 cm, 1 point
for 3 to 3.9 cm, and 2 points for �4 cm), and fatty atrophy (0 points for Goutallier score of 0 to 2 and 1 point for Goutallier score of 3 or 4).
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1723PLATELET-RICH PLASMA IN RCR
that retracted past the glenoid were classified as large
tears. Finally, in the study by Bergeson et al.,32 all tears
were considered to be large, “at-risk” tears per the study
eligibility criteria (Table 1).

Three different PRP formulations were used in the
included studies. Three studies treated patients with
the Cascade Autologous Platelet System (Musculo-
skeletal Transplant Foundation, Edison, NJ),28,30,32

whereas 1 study group developed and used a fully
automated plateletpheresis system with a leukoreduc-
tion set (COBE Spectra LRS Turbo; Caridian BCT,
Lakewood, CO).31 Whereas the former platelet-rich
ormulation results in the production of a platelet-rich
brin matrix, the latter product results in a PRP gel—
oth of these constructs are sutured into the repair site.
he fifth study used GPS II (Plasmax Platelet Con-
entration System; Biomet Biologics, Warsaw, IN),
hich is an injectable form of PRP.29

The details of the methodologic quality assessment
of included studies using the Detsky scale and NOS
are presented in Tables 2 and 3, respectively. In gen-
eral, both of the randomized controlled trials had
adequate allocation concealment and sequence gener-
ation procedures; in addition, they used the intention-
to-treat principle for statistical analysis. All 5 studies
had a blinded evaluation of clinical and radiologic
results. The nonrandomized studies had well-matched
cohort and control groups (within studies) that were
comparable in terms of demographics, prognostic
variables (including rotator cuff tear size), and surgi-
cal techniques. Publication bias could not be assessed
because of the small number of included studies.

Effects of Interventions
Primary Outcome—Rate of Rotator Cuff Re-

tear: The pooled retear rate among all patients in this
study was 31.0% (72 of 232). The overall pooled
retear rate was 25.6% (29 of 113) and 36.1% (43 of
119) for patients treated with PRP and those treated
without PRP, respectively. A quantitative synthesis of
all 5 trials showed that there was no statistically sig-
nificant difference in the overall risk of retear between
patients treated with PRP and those treated without
PRP (5 studies; RR, 0.77; 95% CI, 0.48 to 1.23) (Fig
2A).

The rate of retear for small- and medium-sized
rotator cuff tears was 7.9% and 26.8% for patients
treated with PRP and those treated without PRP, re-
spectively. This subgroup analysis showed that with
the use of PRP, the rate of retear was significantly
lower in patients with small- and medium-sized rota-

tor cuff tears (4 studies; RR, 0.32; 95% CI, 0.14 to

Downloaded for Anonymous User (n/a) at Rush University from C
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0.72; P � .006; I2 � 0%) (Fig 2B). The number of
patients (with small/medium tears) who needed to be
treated to benefit (NNTB) with PRP to prevent 1
episode of retear was 6 patients (NNTB, 6; 95% CI, 3
to 33). There was no difference in retear rates among
patients who had large or at-risk tears regardless of
PRP treatment status (4 studies; RR, 0.94; 95% CI,

TABLE 2. Detsky Score for Randomized
Controlled Trials

Castricini
et al.28

(2011)
Randelli
et al.29

Randomization (total out of 4)
Were patients assigned

randomly? (1)
1 1

Was randomization adequately
described? (2)

2 2

Was treatment group concealed
to investigator? (1)

1 1

Outcome measurement and blinding
(total out of 4)

Was description of outcome
measurement adequate? (1)

1 1

Were outcome measurements
objective? (2)

2 2

Were assessors blind to
treatment? (1)

1 1

Inclusion and exclusion criteria
(total out of 4)

Were inclusion/exclusion criteria
well defined? (2)

2 2

Was number of patients excluded
and reason given? (2)

2 2

Description of therapy (total out
of 4)

Was therapy fully described for
treatment group? (2)

2 2

Was therapy fully described for
controls? (2)

2 2

Statistics (total out of 4 if positive
trial, total out of 5 if negative
trial)

Was test stated, and was there a
P value? (1)

1 1

Was statistical analysis
appropriate? (2)

2 2

If trial was negative, were CIs or
post hoc power calculations
performed? (1 if applicable)

0 Not
applicable

Was sample size calculation
performed before study? (1)

1 1

Follow-up rates
�80% follow-up (1), �80%

follow-up (0)
1 1

Total score (out of 21 or 22) 21/22 21/21
0.67 to 1.31) (Fig 2C).
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1724 J. CHAHAL ET AL.
An additional subgroup analysis was performed for
studies in which patients underwent a double-row
rotator cuff repair.28,31 In this subgroup the rate of
etear was 9.1% and 20.0% for patients treated with
RP and those treated without PRP, respectively. This
isk of retear was not significantly different in patients
reated with and without PRP (RR, 0.54; 95% CI, 0.22
o 1.35; P � .19).

Sensitivity analysis showed that there was no sig-
nificant difference in the overall retear rate when the
results from Level I studies were pooled alone (2
studies; RR, 0.65; 95% CI, 0.27 to 1.58) or when the

TABLE 3. NOS Scores for Case-Control and
Cohort Studies

Barber
et al.30

(2011)

Bergeson
et al.32

(2012)
Jo et al.31

(2011)

Selection 4 stars 3 stars 4 stars
Comparability 0 2 stars 0
Exposure/outcome 3 stars 3 stars 3 stars
Total 7 stars 8 stars 7 stars

FIGURE 2. Forest plots illustrating results of quantitative synthesi

RP during arthroscopic repair of full-thickness rotator cuff tears. (A) Ov
etear rate for large or at-risk tears. (M-H, Mantel-Haenszel.)

Downloaded for Anonymous User (n/a) at Rush University from C
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results from nonrandomized studies were pooled alone
(3 studies; RR, 0.81; 95% CI, 0.40 to 1.64). However,
when the results for small- and medium-sized tears
underwent a similar analysis, pooled results for Level
I studies showed a trend toward lower retear rates in
patients treated with PRP (2 studies; RR, 0.33; 95%
CI, 0.10 to 1.08; P � .07; I2 � 0%). The pooled
nalysis from nonrandomized studies for small- and
edium-sized tears showed a significantly lower re-

ear rate among patients treated with PRP (2 studies;
R, 0.31; 95% CI, 0.10 to 0.95; P � .04; I2 � 0%).
Secondary Outcomes: A quantitative synthesis of

the included studies showed that treatment with PRP
did not result in significant differences in shoulder-
specific outcome scores among patients undergoing
rotator cuff repair. Specifically, there were no differ-
ences in the Constant score (mean difference, 0.48;
95% CI, �1.96 to 2.92), SST score (mean difference,
0.12; 95% CI, �0.39 to 0.63), ASES score (mean
difference, 1.15; 95% CI, �3.56 to 5.87), UCLA
shoulder score (mean difference, 1.15; 95% CI, �0.20
to 2.50), or SANE score (mean difference, 1.56; 95%
CI, �3.61 to 6.73). Furthermore, all subgroup (double

te of retear in patients treated with PRP and those treated without
s for ra

erall retear rate. (B) Retear rate for small-/medium-sized tears. (C)

linicalKey.com by Elsevier on December 31, 2018.
right ©2018. Elsevier Inc. All rights reserved.
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1725PLATELET-RICH PLASMA IN RCR
row v single row) and sensitivity analyses for the
Constant score did not show any statistically signifi-
cant differences.

Although a formal quantitative synthesis could not
be performed for the Western Ontario Rotator Cuff
index or the Shoulder Pain and Disability Index, there
were no statistically significant differences in the in-
dividual reported studies.31,32 However, Barber et al.30

did show significantly higher Rowe scores among
patients treated with PRP.

Bergeson et al.32 showed 2 cases of infection
12.5%) among patients treated with platelet-rich fi-
rin matrix compared with no cases of infection in the
ontrol group. There were no differences in infection
ates or complication rates in the remainder of the 4
tudies.

DISCUSSION

The objective of this systematic review was to iden-
ify, summarize, and combine the available published
iterature related to the use of PRP during arthroscopic
epair of full-thickness rotator cuff tears. The quanti-
ative synthesis in this study showed that the use of
RP during rotator cuff repair did not have an effect
n the overall retear rates or on several shoulder-
pecific outcome measures, including the Constant
core, ASES score, UCLA shoulder score, SANE
core, or SST score. However, there was a decrease in
he rate of retear observed among patients treated with
RP in the setting of small- and medium-sized rotator
uff tears.

The pooled retear rate among all patients in this
tudy was 31.0%, which is consistent with the findings
eported in the literature.2,5-8,34-37 The overall retear
ate among patients treated with PRP was 25.6%.
mong patients treated with PRP who had small- or
edium-sized rotator cuff tears, the retear rate was

urther reduced to 7.9%. The latter finding is encour-
ging because it suggests that biological adjuvants,
uch as PRP in the context of this review, may be
eneficial in improving the healing of the rotator cuff
o the humeral footprint.

Preoperative factors that have been suggested to be
redictive of higher retear rates include age greater
han 65 years, number of tendons involved, large tear
izes, preoperative duration of symptoms, and preop-
rative stage of fatty degeneration.7,30 In our review,
espite a limited sample size in this subgroup, PRP
id not have a beneficial effect on healing rates in
atients with large, at-risk tears. This may suggest that

urther work is required in understanding which bio-
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ogical factors may optimize healing for these difficult
ases.

With regard to functional outcomes, there were
o differences in any of the shoulder-specific out-
ome measures used in the included studies. This is
onsistent with the fact that PRP did not affect
verall retear rates in the setting of rotator cuff
epair. However, because shoulder-specific func-
ional outcome data were not available for patient
ubgroups (small/medium v large tears; single row v
ouble row), definitive conclusions about the effect
f PRP on functional outcomes within these sub-
roups cannot be made at this time.
The clinical heterogeneity among studies represents
valid concern. Of the studies, 3 used single-row

epair techniques whereas 2 used double-row tech-
iques. There were also differences in rotator cuff tear
izes and the number of tendons involved among the 5
tudies. Furthermore, 3 different PRP products were
sed among the studies included in this review. Dif-
erences among various commercial PRP products
nclude the volume of autologous blood that is drawn,
entrifuge rates, single- versus double-spin cycles, the
eed for an activator, and white blood cell concentra-
ions, as well as final platelet and growth factor concen-
rations.10,11 Despite the observed clinical heterogeneity,
here was no significant statistical heterogeneity for both
ur primary and secondary outcomes, as indicated by I2

values lower than 50%.
The strength of this systematic review is that all of

the included studies are of sound quality as measured
by validated scales. All outcomes were assessed inde-
pendently by blinded personnel across the 5 studies.
Retear rates and Constant scores were reported in all 5
studies, and as such, the conclusions with regard to
these outcomes measures are supported by a larger
sample size. However, there are also several limita-
tions. First, because all of the included studies are not
Level I randomized trials, a true “meta-analysis”
could not be performed. We have used the term
“quantitative synthesis” to describe the pooled analy-
sis across the eligible studies in this review. The
reason we included randomized and nonrandomized
studies was to increase the sample size and power of
our pooled analysis. Next, we recognize that the re-
ported effectiveness of PRP cannot be generalized
across all preparation systems, given the intrinsic vari-
ability among different commercial products. Finally,
despite pooling of 5 studies, the overall sample size
for the pooled analysis of our primary outcome (retear
rate) was 232 patients. With this sample size, the

current pooled analysis is powered to detect a differ-
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ence in retear rates between treatment groups if that
difference is greater than approximately 15% (base-
line retear rate, 30%; power, 80%; �, .05). Hence,
even by combining the results from 5 studies of suf-
ficient quality, the current quantitative synthesis is not
adequately powered to detect smaller differences in
retear rates.

Future efforts must include conducting larger, mul-
ticenter trials that stratify for important prognostic
variables such as rotator cuff tear size and chronicity.
Unlike the majority of included trials in this study,
such a study would be optimally powered to detect
differences in both retear rates and functional outcome
scores.

CONCLUSIONS

PRP does not have an effect on overall retear rates
or shoulder-specific outcomes after arthroscopic rota-
tor cuff repair. Additional well-designed randomized
trials are needed to corroborate these findings.

REFERENCES

1. Edwards SL, Lynch TS, Saltzman MD, Terry MA, Nuber GW.
Biologic and pharmacologic augmentation of rotator cuff re-
pairs. J Am Acad Orthop Surg 2011;19:583-589.

2. Yamaguchi K, Ditsios K, Middleton WD, Hildebolt CF,
Galatz LM, Teefey SA. The demographic and morphological
features of rotator cuff disease. A comparison of asymptomatic
and symptomatic shoulders. J Bone Joint Surg Am 2006;88:
1699-1704.

3. Slabaugh MA, Nho SJ, Grumet RC, et al. Does the literature
confirm superior clinical results in radiographically healed
rotator cuffs after rotator cuff repair? Arthroscopy 2010;26:
393-403.

4. Gerber C, Schneeberger AG, Beck M, Schlegel U. Mechanical
strength of repairs of the rotator cuff. J Bone Joint Surg Br
1994;76:371-380.

5. Dehaan AM, Axelrad TW, Kaye E, Silvestri L, Puskus B,
Foster TE. Does double-row rotator cuff repair improve func-
tional outcome of patients compared with single-row tech-
nique? A systematic review. Am J Sports Med 2012;40:1176-
1185.

6. Nho SJ, Slabaugh MA, Seroyer ST, et al. Does the literature
support double-row suture anchor fixation for arthroscopic
rotator cuff repair? A systematic review comparing double-
row and single-row suture anchor configuration. Arthroscopy
2009;25:1319-1328.

7. Denard PJ, Burkhart SS. Arthroscopic revision rotator cuff
repair. J Am Acad Orthop Surg 2011;19:657-666.

8. Gulotta LV, Rodeo SA. Growth factors for rotator cuff repair.
Clin Sports Med 2009;28:13-23.

9. Garbis N, Romeo AA, Van Thiel G, et al. Clinical indications
and techniques for the use of platelet-rich plasma (PRP) in the
shoulder. Oper Tech Sports Med 2011;19:165-169.

0. Hall MP, Band PA, Meislin RJ, Jazrawi LM, Cardone DA.

Platelet-rich plasma: Current concepts and application in
sports medicine. J Am Acad Orthop Surg 2009;17:602-608.

Downloaded for Anonymous User (n/a) at Rush University from C
For personal use only. No other uses without permission. Copy
1. Mei-Dan O, Carmont MR. The role of platelet-rich plasma in
rotator cuff repair. Sports Med Arthrosc 2011;19:244-250.

2. Bosch G, van Schie HT, de Groot MW, et al. Effects of
platelet-rich plasma on the quality of repair of mechanically
induced core lesions in equine superficial digital flexor ten-
dons: A placebo-controlled experimental study. J Orthop Res
2010;28:211-217.

3. de Mos M, van der Windt AE, Jahr H, et al. Can platelet-rich
plasma enhance tendon repair? A cell culture study. Am J
Sports Med 2008;36:1171-1178.

4. McCarrel T, Fortier L. Temporal growth factor release from
platelet-rich plasma, trehalose lyophilized platelets, and bone
marrow aspirate and their effect on tendon and ligament gene
expression. J Orthop Res 2009;27:1033-1042.

5. Beaton DE, Katz JN, Fossel AH, Wright JG, Tarasuk V,
Bombardier C. Measuring the whole or the parts? Validity,
reliability, and responsiveness of the Disabilities of the Arm,
Shoulder and Hand outcome measure in different regions of
the upper extremity. J Hand Ther 2001;14:128-146.

6. Davis AM, Beaton DE, Hudak P, et al. Measuring disability of
the upper extremity: A rationale supporting the use of a re-
gional outcome measure. J Hand Ther 1999;12:269-274.

7. Amstutz HC, Sew Hoy AL, Clarke IC. UCLA anatomic total
shoulder arthroplasty. Clin Orthop Relat Res 1981:7-20.

8. Constant CR, Murley AH. A clinical method of functional
assessment of the shoulder. Clin Orthop Relat Res 1987:160-
164.

9. Leggin BG, Michener LA, Shaffer MA, Brenneman SK, Ian-
notti JP, Williams GR Jr. The Penn shoulder score: Reliability
and validity. J Orthop Sports Phys Ther 2006;36:138-151.

0. Michener LA, McClure PW, Sennett BJ. American Shoulder
and Elbow Surgeons Standardized Shoulder Assessment Form,
patient self-report section: Reliability, validity, and respon-
siveness. J Shoulder Elbow Surg 2002;11:587-594.

1. Matsen FA, Parsons M. Effectiveness evaluation and the
shoulder. Philadelphia: WB Saunders, 2004.

2. L’Insalata JC, Warren RF, Cohen SB, Altchek DW, Peterson
MG. A self-administered questionnaire for assessment of
symptoms and function of the shoulder. J Bone Joint Surg Am
1997;79:738-748.

3. Detsky AS, Naylor CD, O’Rourke K, McGeer AJ, L’Abbé
KA. Incorporating variations in the quality of individual ran-
domized trials into meta-analysis. J Clin Epidemiol 1992;45:
255-265.

4. Bhandari M, Richards RR, Sprague S, Schemitsch EH. The
quality of reporting of randomized trials in the Journal of Bone
and Joint Surgery from 1988 through 2000. J Bone Joint Surg
Am 2002;84:388-396.

5. The Newcastle-Ottawa Scale (NOS) for assessing the quality of
nonrandomised studies in meta-analyses. 2011. Available from:
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp. Ac-
cessed December 30, 2011.

6. Higgins JP, Thompson SG. Quantifying heterogeneity in a
meta-analysis. Stat Med 2002;21:1539-1558.

7. Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and
variance from the median, range, and the size of a sample.
BMC Med Res Methodol 2005;5:13.

8. Castricini R, Longo UG, De Benedetto M, et al. Platelet-rich
plasma augmentation for arthroscopic rotator cuff repair: A
randomized controlled trial. Am J Sports Med 2011;39:258-
265.

9. Randelli P, Arrigoni P, Ragone V, Aliprandi A, Cabitza P.
Platelet rich plasma in arthroscopic rotator cuff repair: A
prospective RCT study, 2-year follow-up. J Shoulder Elbow
Surg 2011;20:518-528.

0. Barber FA, Hrnack SA, Snyder SJ, Hapa O. Rotator cuff repair
healing influenced by platelet-rich plasma construct augmen-

tation. Arthroscopy 2011;27:1029-1035.

linicalKey.com by Elsevier on December 31, 2018.
right ©2018. Elsevier Inc. All rights reserved.



3

3

3

3

1727PLATELET-RICH PLASMA IN RCR
31. Jo CH, Kim JE, Yoon KS, et al. Does platelet-rich plasma
accelerate recovery after rotator cuff repair? A prospective
cohort study. Am J Sports Med 2011;39:2082-2090.

32. Bergeson AG, Tashjian RZ, Greis PE, Crim J, Stoddard GJ, Burks
RT. Effects of platelet-rich fibrin matrix on repair integrity of at-risk
rotator cuff tears. Am J Sports Med 2012;40:286-293.

33. Sugaya H, Maeda K, Matsuki K, Moriishi J. Functional and
structural outcome after arthroscopic full-thickness rotator cuff
repair: Single-row versus dual-row fixation. Arthroscopy 2005;
21:1307-1316.

4. Arnoczky SP. Platelet-rich plasma augmentation of rotator

cuff repair. Am J Sports Med 2011;39:NP8-9; author reply
NP9-11 (letter).

Downloaded for Anonymous User (n/a) at Rush University from C
For personal use only. No other uses without permission. Copy
5. Charousset C, Bellaïche L, Kalra K, Petrover D. Arthroscopic
repair of full-thickness rotator cuff tears: Is there tendon heal-
ing in patients aged 65 years or older? Arthroscopy 2010;26:
302-309.

6. Liem D, Bartl C, Lichtenberg S, Magosch P, Habermeyer P.
Clinical outcome and tendon integrity of arthroscopic versus
mini-open supraspinatus tendon repair: A magnetic resonance
imaging-controlled matched-pair analysis. Arthroscopy 2007;
23:514-521.

7. Liem D, Lichtenberg S, Magosch P, Habermeyer P. Magnetic
resonance imaging of arthroscopic supraspinatus tendon re-

pair. J Bone Joint Surg Am 2007;89:1770-1776.

linicalKey.com by Elsevier on December 31, 2018.
right ©2018. Elsevier Inc. All rights reserved.


