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Purpose: The aims of the study were as follows: (1) to perform a systematic review of meta-analyses evaluating

platelet-rich plasma (PRP) use at the time of arthroscopic rotator cuff repair surgery and to determine its effect on retear

rates and clinical outcomes; (2) to provide a framework for the analysis and interpretation of the best currently available

evidence; and (3) to identify gaps within the literature where suggestions for continued investigational efforts would be

valid. Methods: Literature searches were performed to identify meta-analyses examining arthroscopic rotator cuff

repairs augmented with PRP versus control (no PRP). Clinical data were extracted and meta-analysis quality was

assessed using the Quality of Reporting of Meta-analyses and Oxman-Guyatt scales. Results: Seven meta-analyses met

inclusion and exclusion criteria. All were considered as being of similar quality with Quality of Reporting of Meta-

analyses scores >15 and Oxman scores of 7. A total of 3,193 overlapping patients treated were included with mean

follow-up from 12 to 31 months. When compared with control patients, use of PRP at the time of rotator cuff repair did

not result in significantly lower overall retear rates or improved clinical outcome scores. The following postoperative

functional scores comparing PRP versus control were reported: Constant (no significant difference demonstrated with

PRP use in 5 of 6 reporting meta-analyses), University of California e Los Angeles (no difference, 6 of 6), American

Shoulder and Elbow Society (no difference, 4 of 4), and Simple Shoulder Test (no difference, 3 of 5). Subgroup analysis

performed by 3 meta-analyses showed evidence of improved outcomes with solid PRP matrix versus liquid, small- and/

or medium-sized versus large and/or massive tears, PRP application at the tendon-bone interface versus over tendon,

and in the setting of double-row versus single-row rotator cuff. Conclusions: The current highest level of evidence

suggests that PRP use at the time of arthroscopic rotator cuff repair does not universally improve retear rates or affect

clinical outcome scores. However, the effects of PRP use on retear rates trend toward beneficial outcomes if evaluated in

the context of the following specific variables: use of a solid PRP matrix; application of PRP at the tendon-bone interface;

in double-row repairs; and with small- and/or medium-sized rotator cuff tears. Level of Evidence: Level III, systematic

review of Level II and III studies.

The incidence of arthroscopic rotator cuff tear

repair continues to increase with overall satis-

factory results, but retear of the rotator cuff tendon

has been reported with appreciable frequency.1,2

Technical strides have been made with varying fix-

ation devices and techniques in an attempt to

improve on prior reported clinical outcomes and

complications from a biomechanical standpoint.

However, there is still room for improvement given

the need to lower retear rates and improve patient

subjective and objective outcomes with the knowl-

edge that recurrent or persistent defects in the rota-

tor cuff after repair are common, and important

differences in strength and clinical outcomes exist
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between patients with healed and nonhealed rotator

cuff repairs.3

Some patient-related factors have been identified as

reasons for poor results or tendon failure after rotator

cuff repair including increased patient age, larger

preoperative size of the cuff tear, impaired patient soft

tissue quality, smoking, and systemic disease

including diabetes.4 Other extrinsic factors have

additionally been attributed as the reason for tendon

retear, including overaggressive postoperative reha-

bilitation.5 Another proposed cause for the high rate

of observed retears is the fibrovascular scar tissue that

forms at the tendon-bone interface of repair, which

has inferior biomechanical properties in comparison

to the native tissue.6,7 Biologic augmentation has

been suggested in an effort to improve on the

strength and quality of this repair tissue, but again

studies are limited showing significant improvement

with routine use.

Platelet-rich plasma (PRP) or platelet-rich fibrin ma-

trix (PRFM) has recently gained popularity in multiple

areas of orthopedic sports medicine either as an isolated

nonoperative management option or for concurrent

use at the time of surgery for biologic augmentation.8-10

There is growing evidence from animal studies that

these platelet-derived autologous growth factors may

specifically aid in the regeneration of tendon tissue

through collagen synthesis, vascularization, and tendon

cell proliferation if incorporated at the site of rotator

cuff pathology in the setting of operative repair.11,12

However, there has been discordance in the results of

recent meta-analyses that have explored the efficacy of

using PRP at the time of rotator cuff repair because they

have been unable to show any overall clinical superi-

ority of its use versus controls.13-19

The overall objective of this review was to conduct a

systematic review of these overlapping meta-analyses

evaluating the efficacy of PRP use at the time of

arthroscopic rotator cuff repair. More specifically, the

aims of the study were as follows: (1) to perform a

systematic review of meta-analyses evaluating PRP use

at the time of arthroscopic rotator cuff repair surgery

and to determine its effect on retear rates and clinical

outcomes; (2) to provide a framework for the analysis

and interpretation of the best currently available evi-

dence; and (3) to identify gaps within the literature

where suggestions for continued investigational efforts

would be valid. Clinical outcomes include clinical

indices (Constant, Simple Shoulder Test [SST], Amer-

ican Shoulder and Elbow Society [ASES], University of

California e Los Angeles [UCLA], Single Assessment

Numeric Evaluation [SANE], and Overall Function

Scores), subjective measures (patient Visual Analog

Scale [VAS] score, Constant Pain score), and compli-

cations (revision surgery, overall complications)

including the retear rates.

Our hypothesis was that PRP would not significantly

improve patient outcomes or retear rates in arthro-

scopic rotator cuff repair when compared with controls.

Methods
A comprehensive systematic review of the literature

was performed using the PubMed, Scopus, Cumula-

tive Index to Nursing and Allied Health Literature

(CINAHL Complete), Excerpta Medica Database

(EMBASE), and Cochrane Database of Systematic

Reviews databases. The following search terms were

used: [meta-analysis OR systematic review] AND

[platelet-rich plasma OR PRP] AND (rotator cuff

repair). The search was performed on May 25, 2015,

and was limited to articles written in English. To

identify all studies with potential relevancy, broad

search query terms were used. To ensure that all po-

tential studies were included, all reviewed articles

were manually cross-referenced.

All resulting abstracts from the aforementioned

search terms were reviewed by 2 of the authors, who

applied the study inclusion and exclusion criteria. In-

clusion criteria comprised the following: meta-analyses

evaluating the utility of PRP treatment at the time of

arthroscopic rotator cuff repair in comparison with

patients who did not receive PRP. Exclusion criteria

included the following: animal, cadaveric, or biome-

chanical studies; narrative reviews; reviews without an

organized or reported search algorithm; studies that did

not report clinical outcomes; non-English language

studies; and systematic reviews that did not pool data

or perform a comprehensive meta-analysis. Full texts

of articles meeting the aforementioned criteria were

evaluated, and their reference lists were manually

screened to determine if any studies appropriate for

inclusion were missed. In addition, the tables of con-

tents from the past 2 years of publications in the

following journals were searched manually to identify

any additional studies appropriate for inclusion:

Arthroscopy, Journal of Bone and Joint Surgery, Clinical

Orthopaedics and Related Research, and American Journal

of Sports Medicine. Figure 1 depicts the PRISMA

(Preferred Reporting Items for Systematic Reviews and

Meta-Analyses) diagram of this study’s selection

algorithm.

Tables 1-6 highlight the methodological and study

data extracted from the included studies with regard to

the meta-analysis characteristics and standardized

outcome scores. Pooled effect sizes and mean differ-

ences of these data points were extracted. Subgroup

analyses were recorded and included the following

variables: initial tear size, repair technique, study evi-

dence level, PRP preparation, PRP consistency. One

study19 performed a cost-effective analysis that was

additionally evaluated.
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The Quality of Reporting of Meta-analyses

(QUOROM) system was used to score meta-analysis

quality. This system provides a method for evalua-

tion of meta-analyses by evaluating the quality of

their reporting and methodology in total 18 cate-

gories.33 Each meta-analysis is awarded 1 point in

each category of this evaluation should more than half

of the category’s criteria be met; the total possible

number of points is thus 18 points. The meta-analyses

were additionally graded by the Oxman-Guyatt

quality appraisal tool.34 Biases within the literature

that were reported were also noted. Finally, the Jadad

decision algorithm35 was used to guide the interpre-

tation of discordant reviews, including differences in

the clinical question, inclusion/exclusion criteria, data

pooling, data extraction, quality assessment, and sta-

tistical analysis. Scoring was performed based on the

assessment of randomization, randomization meth-

odology, double blinding, withdrawals or dropouts

from the study, and allocation concealment. This al-

gorithm was independently applied by 2 of the au-

thors, and their results were compared to determine

which of the included studies provided the best cur-

rent evidence to make recommendations.

Results
Eighty abstracts were initially identified by the search

terms with the application of the entire selection

algorithm providing 7 total studies for inclusion in this

review (Fig 1).13-19 All studies were performed recently,

with publication dates after 2012, and no individual

studies included within these meta-analyses were per-

formed before 2010. All 7 performed a pooled meta-

analysis.

The mean follow-up of the individual studies refer-

enced in each included review ranged from 1214,18 to

31 months.13 Two studies reported mean overall clin-

ical follow-up periods of 14.917 and 16.1 months,14

whereas 2 studies additionally reported a separate

mean overall imaging follow-up of 1117 and 15.5

months.16 The number of patients in each study ranged

from 26113 to 778.19

Authors’ Assessment of Prior Systematic Review

Literature

All 6 studies published after the initial systematic re-

view by Chahal et al.13 had the opportunity to cite this

study. Two of the final studies published16,17 addition-

ally had the opportunity to cite the Zhang et al.14 study,

and the last published study19 had the opportunity to

cite Moraes et al.15 In all studies but 2,17,19 the papers

cited all preexisting meta-analyses or systematic re-

views, and provided their rationale for repeating the

systematic review, highlighting in each that the study or

studies before it included study types that were not

isolated to randomized controlled trials or had a search

strategy that did not capture a particular study appro-

priate for inclusion (Table 1).

English-language records identified through

PubMed, Cochrane Database of Systematic

Reviews, Scopus, Embase and CINAHL

Complete databases searching:

[Platelet rich plasma OR PRP] AND (rotator

cuff repair) with study type set to systematic

review or meta-analysis

(n = 68)

Additional records identified through

manual cross-referencing

(n = 1)

Records evaluated for study criteria

(n = 69)

Records excluded due to

Duplicate (n = 28); Basic

science/animal studies (11);

Narrative review/No pooled

outcome data (n = 14); PRP

use in surgeries other than

RTC repair (n = 4)

Full-text articles excluded

due to meta-analysis not

performed or review was an

update of previously

published findings

(n = 5)

Records eligible

(n = 12)

Full-text articles assessed for

eligibility

(n = 12)

Studies included in

systematic review

(n = 7)
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Fig 1. PRISMA (Preferred Reporting Items for

Systematic Reviews and Meta-Analyses) diagram

showing the results of application of the study al-

gorithm to the number of studies included, with the

number of studies removed after application of each

exclusion criterion. (PRP, platelet-rich plasma; RTC,

rotator cuff.)
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Table 1. Number of Prior Systematic Reviews or Meta-analyses Actually Cited Compared With the Maximum Number That

Could Possibly Have Been Cited, in Addition to the Authors’ Rationale for Repeating the Systematic Review

First

Author

Date of

Publication,

mo/d/yr

Date of

Last

Literature

Search,

mo/d/yr

Level of

Evidence

Number of

Systematic

Reviews or

Meta-analyses

Possible to Cite

Number of

Systematic

Reviews or

Meta-analyses

Cited

Rationale for Repeating Meta-analysis as

Abstracted From Manuscript

Chahal13 11/–/2012 12/–/2011 III 0 0 N/A

Zhang14 7/–/2013 4/20/2013 II 1 1 “A previous meta-analysis is a low level of

evidence, but it included all types of

studies, including retrospective studies.

The present study aims to conduct a meta-

analysis of level I and II evidence studies

to investigate the clinical and imaging

outcomes of PRP application during the

arthroscopic repair of full-thickness

rotator cuff tears”

Moraes15 4/–/2014 3/25/2013 II 1 1 “We found some narrative reviews that.

overlapped with our analysis. All of these

reviews focused on functional outcomes,

such as pain and functional scores, but

included studies other than randomized

trials”

Li18 11/–/2014 5/1/2013 II 1 1 “To our knowledge, the latest systematic

review addressing the role of platelet

concentrate in rotator cuff repair

concluded that platelet-rich plasma/

platelet concentrates did not have an

effect on the overall retear rate or

shoulder-specific outcomes, but its

statistical power was limited because of

the weakness of evidence levels of the

studies it had included”

Zhao16 1/–/2015 9/–/2013 II 2 2 “Although 2 meta-analyses on this topic

have been reported, neither was a meta-

analysis of specifically only randomized

controlled trials. Chahal et al. reported a

meta-analysis including various study

types e such as randomized controlled

trials, cohort studies, and case-control

trials e and only 2 randomized controlled

trials were included. The other meta-

analysis performed by Zhang et al. omitted

a high-quality randomized controlled trial

with their search strategy, and a

nonrandomized controlled trial was also

included in their data. Therefore, their

results should be treated with caution. The

present analysis included more

randomized controlled trials through a

more extensive and updated search. The

enlarged sample size provided more

accurate estimates of the effects.

Furthermore, the GRADE system, adopted

by more than 70 international

organizations, was used to assess the

quality of a body of evidence for each

individual outcome in this meta-analysis,

which made the conclusions more

reliable”

(continued)
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Outcome Measures

There was variability among the 7 included reviews

with regard to the standardized and nonstandardized

patient clinical and functional outcome measures that

were reported (Table 2). There was variability among

the referenced studies within these reviews in terms of

the surgical fixation technique (single- or double-row

repair),14,16,17,19 performance of acromioplasty

concurrently at the time of surgery,17 size of rotator cuff

tear preoperatively (designated by size in centimeters,

qualitative gradations of sizing, or complete/incom-

plete),13-19 and means of imaging to assess for post-

operative retear occurrence (MRI or ultrasound).13-19

The characteristics of the PRP used within these

studies additionally varied in terms of the use of an

initiating agent (calcium v calcium/batroxobin v autol-

ogous thrombin v none),16 the preparation of PRP (self-

prepared v commercially available)17 and system used

Table 1. Continued

First

Author

Date of

Publication,

mo/d/yr

Date of

Last

Literature

Search,

mo/d/yr

Level of

Evidence

Number of

Systematic

Reviews or

Meta-analyses

Possible to Cite

Number of

Systematic

Reviews or

Meta-analyses

Cited

Rationale for Repeating Meta-analysis as

Abstracted From Manuscript

Warth17 2/–/2015 9/–/2013 II 2 0 N/A

Vavken19 3/12/2015 8/1/2014 II 3 1 “First, we wanted to know if the addition of

platelet-rich plasma (PRP) to arthroscopic

rotator cuff repair would lead to a

statistically relevant as well as clinically

meaningful reduction in retear rates,

expressed as the number needed to treat

(NNT). Second, we were interested if the

addition of PRP to arthroscopic rotator

cuff repair was not only effective but also

safe. This was expressed as the relative

difference in complication rates. Third, we

wanted to assess if any potentially

beneficial effect of PRP on retear rates

would be cost-effective. This was

estimated with the use of the incremental

cost-effectiveness ratio (ICER), or the

amount of additional clinical effect

afforded per additional dollar spent. Last,

but not least, since this was a meta-

analysis of prior data, we also wanted to

assess the quality of the included primary

data that this analysis was built upon.”

GRADE, Grading of Recommendations Assessment, Development, and Evaluation; N/A, not available; PRP, platelet-rich plasma.

Table 2. Outcomes That Were Assessed for and Reported by Each of the Included Studies

Chahal13 Zhang14 Moraes15 Li18 Zhao16 Warth17 Vavken19

Clinical indices

Constant score þ þ þ þ þ þ �

SST score þ þ þ þ � þ �

ASES score þ þ � þ � þ �

UCLA Shoulder score þ þ þ þ � þ �

SANE score þ � � � � � �

Overall Function � � þ � � � �

Subjective measures

Patient VAS Pain � � þ � � þ �

Constant Pain score � � � þ � � �

Complications

Retear rate þ þ þ þ þ þ þ

Revision surgery � � � � þ � þ

Overall complications � � � � � � þ

ASES, American Shoulder and Elbow Society; SANE, Single Assessment Numeric Evaluation; SST, Simple Shoulder Test; UCLA, University of

California e Los Angeles; VAS, Visual Analog Scale.
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(Cascade v COBE Spectra LRS Turbo v GPSII v

other),13,17 PRP consistency (fibrin matrix v liquid v

pellet),17-19 and the means of administration of PRP at

the time of surgery (injection over repair site or at the

bone-tendon interface).15,18

Table 7 shows the number of meta-analyses reporting

each of the following clinical outcome indices and the

results of these studies, including significance in com-

parison of patients with PRP use and control cohort

patients: Constant score, SST score, UCLA score, SANE

score, Constant Pain score, ASES score, Functional

Outcomes, VAS Pain score; Overall Complications, and

Retear Rate. All seven13-19 meta-analyses pooled the

overall retear rate to compare those patients with PRP

use at the time of rotator cuff repair and those control

patients without its use. In all but 1 individual study

from 1 of the 7 included meta-analyses, the individual

studies identified retear through either magnetic reso-

nance imaging or ultrasound, and tears were quantified

by anteroposterior size (in centimeters) or amount of

retraction. The retear rate in those patients with PRP

use ranged from 25.6% to 28.7%, in comparison with

those without PRP use who had retear rates ranging

between 28% and 36.7%. All 7 meta-analyses reported

an absence of significant difference in the retear rate for

patients with PRP use compared with those without

(risk ratio [RR] range, 0.55 to 0.94; one odds ratio [OR]

1.11). However, 1 of these meta-analyses17 determined

that there was a significantly lower risk of retear when

PRP was used after a single outlying study27 was

removed from the pooled analysis (RR ¼ 0.83) during

their “leave-one-out” analysis. This technique assesses

the final outcomes with each of the included studies

removed individually as a technique to try and identify

and remove data that are substantially different from

the remaining cohort of information.

Four of the studies13,14,17,19 performed pertinent

subgroup analyses to address whether PRP use in

certain circumstances or preparations provided any

significant results in comparison with control patients.

Interestingly, PRP use showed significantly lower retear

rates in rotator cuff tears that were categorized

Table 4. Primary Studies Included in Meta-analysis

Primary Study Chahal13 Zhang14 Moraes15 Li18 Zhao16 Warth17 Vavken19

Castricini 201020 þ þ þ þ þ þ þ

Randelli 201121 þ þ þ þ þ þ þ

Barber 201122 þ � � � � � þ

Buford 2011[N/A]* � � � � � � þ

Longo 2011[N/A]* � � � � � � þ

Bergeson 201223 þ � � � � � þ

Jo 201124 þ þ � � � þ þ

Gumina 201225 � þ þ þ þ þ N/A

Weber 201326 � þ � þ þ þ þ

Antuna 201327 � þ þ þ � þ N/A

Jo 201328 � � � � þ þ N/A

Ruiz-Moneo 201329 � � � þ þ þ N/A

Malavolta 201430 � � þ � � þ N/A

Sanchez Marquez 201131 � � � � þ þ N/A

Rodeo 201232 � þ þ þ þ þ N/A

N/A, data not available.

*The study by Vavken et al.19 did not cite all the sources of their 13 included primary studies; as such, the information is not entirely available to

note here.

Table 3. Search Methodology Used by Each of the Included Studies

First Author

PubMed/

MEDLINE EMBASE

Cochrane

Library of

Databases CINAHL LILACS BIOSIS Ovid

Number of

Primary

Studies

Primary Studies

Included Only RCTs

or Quasi-RCTs

Chahal13 þ þ þ � � � � 5 �

Zhang14 þ þ þ � � � � 7 �

Moraes15 þ þ þ � þ � � 6 þ

Li18 þ þ þ � � þ þ 7 þ

Zhao16 þ þ þ � � � � 8 þ

Warth17
þ þ � � � � � 11 �

Vavken19
þ þ þ þ � � � 13 �

BIOSIS, BioSciences Information Service of Biological Abstracts; CINAHL, Cumulative Index to Nursing and Allied Health Literature; EMBASE,

Excerpta Medica Database; LILACS, Latin-American and Caribbean Center on Health Sciences Information; MEDLINE, Medical Literature

Analysis and Retrieval System Online; RCT, randomized-controlled trial.
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preoperatively as “small/medium”dthe retear rate was

reported as 7.9% versus 26.8% in 1 of the studies and

the RR ranged from 0.32 to 0.60.13,19 The definitions

for tear size were derived from those definitions used in

the individually included studies; “small/medium” was

thus defined as those measuring less than 3 cm in the

anteroposterior dimension or qualitatively if the tear

exposed the humeral head but did not retract all the

way to the glenoid surface.13,19 This provided a calcu-

lated “number needed to be treated to benefit with PRP

to prevent one episode of retear” ranging from 6 to 14

patients.13,19 The same was not true of PRP use in

“large/massive” tears in any study’s subgroup anal-

ysis.13,14,19 Chahal et al.13 evaluated the risk of retear in

patients who underwent a “double-row” rotator cuff

repair technique and found no difference with the use

of PRP compared with control patients (retear rate,

9.1% v 20.0%; RR ¼ 0.54; P ¼ .19). They additionally

demonstrated that when they pooled level I studies

alone and nonrandomized studies alone, there was no

significant difference in the overall retear rate for either

in isolation (RR 0.65 and 0.81, respectively). However,

similar analysis for small- and/or medium-sized tears

showed a significantly lower retear rate among patients

treated with PRP in the pooled nonrandomized studies

(RR 0.31; P ¼ .04).

Warth et al.17 performed subgroup meta-analyses for

Constant scores across their analyzed studies; this clin-

ical outcome score was not affected by the level of study

analyzed (level I only or level II only), size of initial

rotator cuff tear (< 3 cm or > 3 cm sagittal length),

repair technique (single- or double-row fixation), PRP

preparation (manual or commercial system), or PRP

consistency (fibrin matrix or liquid), but did show a

significantly decreased gain in score value when PRP

was treated by injection over the surface of the repaired

tendon as opposed to PRP treatment through applica-

tion at the tendon-bone interface (�6.88 points v þ0.78

points; P ¼ .046). Warth et al.17 similarly performed

subgroup meta-analyses for retear rate across their

analyzed studies and determined that PRP use exhibited

a larger retear reduction effect after double-row repair

in patients with initial tear sizes > 3 cm in anterior-

posterior length when compared with patients

without PRP use (25.9% v 57.1%; P ¼ .046). In addi-

tion, PRP use exhibited a larger retear reduction effect

with PRFM when compared with liquid-based PRP use

(14.8% v 46.8%; P ¼ .054).

Vavken et al.19 performed a unique cost-effectiveness

analysis on patients with small- and medium-sized tears

because these patients had shown a significant

improvement in results when PRP was used (similar to

other studies).13,14 They reported a difference in effec-

tiveness between repair with and without PRP of

0.0059 quality-adjusted life years, and ultimately

through their decision analytic tree model reported thatT
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Table 6. Heterogeneity or Subgroup Analyses of Primary Studies

Chahal13 Zhang14 Moraes15 Li18 Zhao16 Warth17 Vavken19

Statistical heterogeneity analysis þ þ þ þ þ þ þ

Subgroup or statistical analysis

Risk ratio retear rate: PRPþ v PRP� (small- and/or medium-sized rotator cuff Tears) þ þ � � � � þ

Risk ratio retear rate: PRPþ v PRP� (large- and/or massive-sized rotator cuff tears) þ þ � � � � þ

Risk ratio retear rate: PRPþ v PRP� (double-row fixation) þ � � � � � �

Risk ratio retear rate: PRPþ v PRP� (level I studies only) þ � � � � � �

Risk ratio retear rate: PRPþ v PRP� (nonrandomized studies only) þ � � � � � �

Risk ratio retear rate: PRPþ v PRP� (small- and/or medium-sized tears from level I studies

only)

þ � � � � � �

Risk ratio retear rate: PRPþ v PRP� (small- and/or medium-sized tears from nonrandomized

studies only)

þ � � � � � �

Cost-effectiveness analysis: PRPþ v PRP� (small- and/or medium-sized tears only) � � � � � � þ

Mean difference constant score: PRPþ v PRP� (level I only) � � � � � þ �

Mean difference constant score: PRPþ v PRP� (level II only) � � � � � þ �

Mean difference constant score: PRPþ v PRP� (initial tear size < 3 cm sagittal length only) � � � � � þ �

Mean difference constant score: PRPþ v PRP� (initial tear size > 3 cm sagittal length only) � � � � � þ �

Mean difference constant score: PRPþ v PRP� (single-row technique fixation only) � � � � � þ �

Mean difference constant score: PRPþ v PRP� (double-row technique fixation only) � � � � � þ �

Mean difference constant score: PRPþ v PRP� (manual preparation PRP only) � � � � � þ �

Mean difference constant score: PRPþ v PRP� (commercial system preparation PRP only) � � � � � þ �

Mean difference constant score: PRPþ v PRP (PRP application via injection over tendon

only)

� � � � � þ �

Mean difference constant score: PRPþ v PRP� (PRP application via injection at the bone-

tendon interface only)

� � � � � þ �

Mean difference constant score: PRPþ v PRP� (PRP consistency as fibrin matrix only) � � � � � þ �

Mean difference constant score: PRPþ v PRP� (PRP consistency as liquid only) � � � � � þ �

Risk ratio retear rate: PRPþ v PRP� (level I only) � � � � � þ �

Risk ratio retear rate: PRPþ v PRP� (level II only) � � � � � þ �

Risk ratio retear rate: PRPþ v PRP� (initial tear size < 3 cm sagittal length only) � � � � � þ �

Risk ratio retear rate: PRPþ v PRP� (initial tear size > 3 cm sagittal length only) � � � � � þ �

Risk ratio retear rate: PRPþ v PRP� (single-row technique fixation only) � � � � � þ �

Risk ratio retear rate: PRPþ v PRP� (double-row technique fixation only) � � � � � þ �

Risk ratio retear rate: PRPþ v PRP� (manual preparation PRP only) � � � � � þ �

Risk ratio retear rate: PRPþ v PRP� (commercial system preparation PRP only) � � � � � þ �

Risk ratio retear rate: PRPþ v PRP� (PRP application via injection over tendon only) � � � � � þ �

Risk ratio retear rate: PRPþ v PRP� (PRP application via injection at the bone-tendon

interface only)

� � � � � þ �

Risk ratio retear rate: PRPþ v PRP� (PRP consistency as fibrin matrix only) � � � � � þ �

Risk ratio retear rate: PRPþ v PRP� (PRP consistency as liquid only) � � � � � þ �

PRP, platelet-rich plasma; PRPþ, patients with PRP use; PRP�, patients without PRP use.
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Table 7. Number of Meta-analyses Evaluating Overall Pooled Outcome Variables and Their Results

Pooled Outcome

Variable

Number of

Meta-analyses

Evaluating the

Outcome

Meta-analyses Reporting Significant

Superiority With PRP Use

Meta-analyses Reporting No Significant

Superiority With PRP Use

Number of

Meta-analyses Results of These Meta-analyses

Number of

Meta-analyses Results of These Meta-analyses

Constant score 6 1 � MD ¼ 2.47, CI ¼ 0.68-4.26 at 1 yr

postoperative15
5 � MD varied between 0.48 and

1.8313,14,16,17,19

� One study reporting SMD ¼ 2.47

SST score 5 2 � MD ranging from 0.38 to 0.4215,17 3 � MD ranging from 0.12 to 0.34

� One study reporting SMD ¼ 0.28

UCLA score 6 0 e 6 � MD ranged from �0.79 to 1.5613-18

� One study with SMD 0.16

SANE score 1 0 e 1 � MD ¼ 1.5613

Constant Pain score 1 0 e 1 � SMD ¼ 0.9918

ASES score 4 0 e 4 � MD ranged from 1.15 to 2.8913,14,17,18

� One study reporting SMD ¼ 2.99

Functional Outcomes 1 0 e 1 � MD ¼ 0.1315

VAS Pain score 2 1* � MD ¼ �1.40 at 7 d after surgery15 2* � One study reporting MD ¼ �0.2217

� One study reporting MD ¼ �0.69 at

30 d and MD ¼ �0.30 at 1 yr

postoperatively15

Overall Complications 1 0 e 1 � RR 1.0419

Retear Rate 7 0 e 7 � RR ranged from 0.55 to 0.9413-19

� One study reported OR ¼ 1.11

� Retear rate in patients with PRP use

ranged from 25.6% to 28.7%, in

comparison with those without PRP

use where it ranged from 28.0% to

36.7%

Retear Ratedusing

“leave-one-out”

analysis

1 1 � RR ¼ 0.83 (this technique assesses the

final outcomes with each of the

included studies removed individually

as a technique to try and identify and

remove data that is substantially

different from the remaining cohort of

information)

0 e

ASES, American Shoulder and Elbow Society; CI, confidence interval; MD, mean difference; OR, odds ratio; PRP, platelet-rich plasma; RR, relative risk; SANE, Single Assessment Numeric

Evaluation; SMD, standardized mean difference; SST, Simple Shoulder Test; UCLA, University of California e Los Angeles; VAS, Visual Analog Scale.

*Note that 1 study reported significant differences at one time period and nonsignificant results at another time period.
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a total cost of PRP use of greater than $652.11

(including operating room time and venipuncture)

would lose cost-effectivenessdthis is in the context of

PRP costs that typically vary widely between $450 and

$2500 in many preparations and companies.19

Search Methodology

Although all 7 of the included studies searched

PubMed/Medline, there was heterogeneity in the other

databases that were used. These included Cochrane,

EMBASE, Latin-American and Caribbean Center on

Health Sciences Information (LILACS), BioSciences In-

formation Service of Biological Abstracts (BIOSIS), Ovid,

CINAHL, trial registers, and conference abstracts. Each of

the included studies used between 2 and 6 databases to

gather information (Table 3). The total number of unique

primary studies cited by the included reviews was 17

(from the information available, because 5 of the indi-

vidual studies in the Vavken et al.19 meta-analysis were

not cited in their references), and the number of these

studies cited in each study ranged fromfive13 to 13,19with

the median being 7 primary citations (Tables 3 and 4).

Study Results

The mean age of the patients who underwent treat-

ment ranged from 58.9 to 60.7 years13,16,17,19 with a

range from the individual studies reported between 29

and 77 years.18 In comparison to control (no PRP) pa-

tients, PRP use at the time of rotator cuff repair surgery

does not provide significantly lower overall retear rates

or significantly better UCLA scores postoperatively.13-19

In addition, there appears to be no superiority with PRP

use in terms of Constant score,13,14,16-18 Constant Pain

score,18 SANE score,13 ASES score,13,17,18 SST

score,13,14,17,18 or VAS score more than 1 week post-

operatively,15,17 although these findings were not uni-

versal among reporting meta-analyses. Isolated

discordant results from the above include that Moraes

et al.15 reported significantly superior Constant score,

SST score, and VAS score at 7 days after surgery with

PRP use compared with patients without PRP at the

time of surgery. In no outcome measures was the

absence of PRP use at the time of surgery significantly

superior to patients who received PRP at the time of

surgery.

Through subgroup analyses, the commonly reported

results were that small- and/or medium-sized rotator

cuff tears had significantly lower rates of retear when

PRP was used in comparison with patients without PRP

use, although these findings were not present when

evaluating in isolation those patients with large and/or

massive tears.13,14,19 PRP injection at the tendon-bone

interface may provide a higher gain of Constant score

postoperatively when PRP is used.17 There is addition-

ally an apparent cost-effectiveness of PRP use at the

time of surgery, although this is dependent on the cost

that can be achieved for the PRP itself and its prepa-

ration and added operating room time.19 Overall, none

of the included meta-analyses supported the routine

use of PRP at the time of arthroscopic rotator cuff repair

given the currently available evidence.

Study Quality and Validity

The QUOROM scores were determined for each of the

included meta-analyses and ranged from 1519 to

17,16,17 with a median of 16 (maximum possible

score ¼ 18). All 7 studies were scored with the

maximum Oxman-Guyatt score of 7, indicating that

each meta-analysis is of high quality (Table 5). Of note,

the fact that these included studies were high quality

does not obviate the need to critically note that there

was bias noted in numerous individual studies included

in each of the meta-analyses. For example, Warth

et al.17 reported a high risk of bias in 5 of 11 included

studies (45.5%) regarding randomization procedures

(selection bias) and for 7 of 11 studies (63.6%)

regarding performance bias. Vavken et al.19 reported an

average modified Jadad score of 3.1 of 4 in assessment

of their included studies’ risk of bias.

Heterogeneity Assessment and Subgroup Analyses

All 7 studies performed a statistical heterogeneity

analysis, including I2, Cochrane X2, s2, and Q-test sta-

tistics. Two studies13,18 performed sensitivity analyses

to assess such parameters as the overall retear rate from

level I studies pooled alone or from nonrandomized

studies pooled alone, retear rates in small- and/or

medium-sized tears from level I studies pooled alone or

from nonrandomized studies pooled alone, and overall

retear rates (Table 6). Subgroup analyses evaluating

PRP versus control cohorts in terms of retear rates were

performed based on tear size,13,14,17,19 fixation tech-

nique,13,17 PRP preparation and application,17 and

study level of evidence.13,17 Subgroup analyses evalu-

ating PRP versus control cohorts in terms of Constant

score were performed based on the study level of evi-

dence,17 tear size,17 fixation technique,17 PRP prepa-

ration, and application.17

Application of the Jadad Decision Algorithm

The Jadad decision algorithm was applied by 3 au-

thors independently to determine which of the 7

included meta-analyses provided the best currently

available evidence to develop recommendations for the

use of PRP at the time of arthroscopic rotator cuff

repair. This led to the determination that all 7 included

studies provided a high level of currently available ev-

idence.13-19 Thus, the current highest level of evidence

suggests that nondiscriminatory, routine PRP use at the

time of arthroscopic rotator cuff repair surgery does not

universally improve retear rates or affect clinical

outcome scores. However, the effects of PRP use on
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retear rate may be beneficial in a specific combination

of circumstances as follows: (1) a composition of PRFM;

(2) application at the tendon-bone interface; (3) in

double-row technique repair; and (4) with small- and/

or medium-sized rotator cuff tears.

Discussion
Our literature search yielded 6 level II14-19 and 1 level

III13 meta-analyses for critical examination. All 7 meta-

analyses were scored with high QUOROM and Oxman-

Guyatt quality assessments, which add a certain degree

of validity to the conclusions and recommendations for

practice that are made. Based on the currently available

evidence in the highlighted literature, our hypothesis

that PRP does not substantially improve overall out-

comes or retear rates in arthroscopic rotator cuff repair

is confirmed. In addition, it was confirmed that PRP

may have a potential use in smaller- and/or medium-

sized tears given that all of the meta-analyses evalu-

ating this subgroup of patients found significant supe-

riority with the use of PRP compared with control in

terms of retear rate.13,14,19 Further investigation into

the use of PRP that focuses on variables such as

leukocyte-rich versus leukocyte-poor formulations,

repair technique stratifications, and application location

has the potential to offer insights into the potential role

that biological augmentation with PRP may play in

rotator cuff repair.

Based on the findings of this systematic review of

overlapping meta-analyses, the routine use of PRP at

the time of arthroscopic rotator cuff repair is not war-

ranted. However, the combined results of subgroup

analyses in 4 of the included studies13,14,17,19 suggests

that in the setting of a small- and/or medium-sized tear

being fixed with a double-row technique, application of

a solid PRP matrix at the bone-tendon interface could

be an appropriate concomitant treatment option for

close evaluation going forward. However, these specific

variables in combination were not all evaluated within

a single study but rather as a summative result of each

of them. Although this may not provide any significant

improvements in the patient clinical outcome scores, it

appears possible that this could be an avenue for

decreasing the retear rate, which could over time

potentially be a source of pain, lower patient satisfac-

tion and outcome scores, and potentially lead to a

reoperation. Future studies should evaluate these var-

iables in combination to assess for a support of the use

of PRP for small- and/or medium-sized tears; this could

have implications on the potential to provide a potential

benefit in terms of reducing the potential decrease in

work productivity and increased health care costs that

could result from a retear and possible revision surgery.

With an increasing number of arthroscopic rotator

cuff repair surgeries being performed, it is crucial for

optimization of techniques to allow for a high degree of

clinical and functional success. Single-row and double-

row transosseous-equivalent suture-bridge techniques

have been developed and refined in recent years to

improve on postoperative retear rates and clinical out-

comes, but the results are still far from perfect.36 As

such, the application of growth factor mixtures in the

form of PRP is hypothesized to decrease overall struc-

tural failure rate, and to facilitate the regeneration of a

more biomechanically sound tendon-bone interface.

However, the promising results of PRP use in rotator

cuff repair in animal models have not been necessarily

translated as well in clinical practice, where its use in

patients has not provided the same anticipated out-

comes.13-18,37

It is important to note that data exist, which suggests

that PRFM may have an inhibitory effect on tendon

healing, potentially due to an altered biological milieu

(with increased inflammatory cytokines that may pro-

duce scar tissue rather than healthy tendon micro-

structure), or because the clot may have a space-

occupying effect at the tendon-bone interface that

leaves a gap once the material dissolves.32 However,

most of analyzed data in these included meta-analyses

do not show this inhibitory effect, and thus it may be

an effect of small sample size that should prevent first

causation conclusions. It is possible that the small- and/

or medium-sized tears may have a better opportunity to

incorporate the platelet-derived autologous growth

factor effects through collagen synthesis, vasculariza-

tion, and tendon cell proliferation because they are

more biomechanically sound in their repair. That is,

because the anchor points of the rotator cuff experience

load transmission across the joint, small- and/or

medium-sized tears are more stable than the large and/

or massive tears that have less points of fixation to

dissipate force generation.19

In addition, there are some variables that were not

assessed in the 7 included meta-analyses and their

referenced individual studies. That is, there still remain

multiple unanswered questions about the best formu-

lation and volume of PRP for this given clinical sce-

nario. For example, in light of the recent data on the

clinical differences between the application of

leukocyte-rich and leukocyte-poor PRP,38 it remains to

be determined if one preparation would lead to better

results in the setting of rotator cuff repair. In addition,

the role of single- or double-spinning cycles to isolate

the PRP and the utility of subacromial PRP injection in

the weeks after surgery need further evaluation.

Finally, the timing of PRP use (at the time of repair or

injected postoperatively) and the frequency as single or

multiple doses should be considered. These questions in

the context of PRP use in rotator cuff repair offer an

interesting area of future study, for which more high-

quality randomized double-blinded trials will be

needed to provide further insights. Given the findings
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from the cost-effectiveness analysis of Vavken et al.,19

the question of whether a consistently cheaper oppor-

tunity for PRP preparation and administration exists, as

the cost-efficacy held true at a cost less than $652.11,

although most standard preparations and administra-

tion techniques cost between $450 and $2,500.19

Of note, a recent randomized controlled trial using

PRP in the arthroscopic repair of medium to large ro-

tator cuff tears showed efficacy of PRP in the retear rate

(3.0% v 20.0%) and cross-sectional area of the supra-

spinatus muscle. The authors suggest that, in part, this

efficacy is attributed to their PRP formulation, namely

that it is a leukocyte-poor PRP preparationdalthough

there was no comparison with a leukocyte-rich PRP

preparation group. The authors suggest that leukocytes

play a role in the inflammatory stage of the regenera-

tion process in tendon injuries, but that this inflam-

mation should be avoided in the rotator cuff repair in

lieu of a greater proliferation stage where matrix syn-

thesis is of greater importance.39 This would suggest a

potential future avenue for study in what is a cohort of

patients with the inherently highest risk of retear

because of large size.

Limitations

As with all systematic reviews, the limitations present

in this study are reflected by those limitations inherent

to the 7 meta-analyses that are included in this analysis.

Selection, reporting, and publication biases were

inherent to some of the primary studies identified by

the individual meta-analyses.16,17 Many of the primary

studies additionally did not provide details of follow-up

or specific outcome measurement results. There was

additionally a substantial amount of heterogeneity in

terms of a surgical fixation technique, performance of

acromioplasty concurrently at the time of surgery, size

of rotator cuff tear preoperatively, and type of imaging

used to assess for postoperative retear occurrence.

There was also significant heterogeneity between

studies in terms of the PRP initiating agent, preparation,

system, consistency, and means of administration.

Although subgroup analyses in 3 of the 7 included

meta-analyses attempted to account for these variables

in their analysis, these factors may lead to potentially

differing postoperative results and biological activity of

the PRP used.

Conclusions
The current highest level of evidence suggests that

PRP use at the time of arthroscopic rotator cuff repair

does not universally improve retear rates or affect

clinical outcome scores. However, the effects of PRP use

on retear rate trend toward beneficial outcomes if

evaluated in the context of the following specific vari-

ables that have shown some significance with its use:

use of a solid PRFM; application at the tendon-bone

interface; in double-row repairs; and with small- and/

or medium-sized rotator cuff tears.
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