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Platelet-Rich Plasma Augmentation of Arthroscopic
Rotator Cuff Repair Lowers Retear Rates and
Improves Short-Term Postoperative Functional

Outcome Scores: A Systematic Review of
Meta-Analyses
Zafar Ahmad, M.D., Swee Ang, M.D., Neil Rushton, M.D., Adrian Harvey, M.D.,
Kash Akhtar, Sebastian Dawson-Bowling, M.D., and Ali Noorani, M.D.
Purpose: The purpose of this study is to conduct a systematic review of meta-analyses of rotator cuff repair using platelet-rich
plasma (PRP) to identify whether PRP improves clinical function and rate of tendon retears. We will (1) conduct a systematic
review of the current meta-analyses of rotator cuff repair using platelet-rich plasma available in the literature, (2) evaluate the
quality of these meta-analyses using the Preferred Reporting Items for Systematic Review (PRISMA) methodology, (3) identify
whether PRP improves clinical function and rate of tendon retears, and develop guidance to improve future studies in this area.
Methods: We carried out a systematic review of previous meta-analyses published on the clinical outcomes of PRP used in the
treatment of rotator cuff tears. We performed a comprehensive search of PubMed, Medline, Cochrane, CINAHL (Cumulative
Index to Nursing and Allied Health Literature), and Embase databases, using various combinations of the commercial names of
each PRP preparation and “rotator cuff” (with its associated terms), looking specifically at humanmeta-analysis studies involving
the repair of the rotator cuff tendon surgically in the English language. Data validity was assessed and collected on clinical out-
comes.Following this, ameta-analysiswasundertaken.Results: Thirteenmeta-analysesmet the inclusionandexclusioncriteria.
Allwere considered of similar qualitywithOxman-Guyatt index of 9 and PRISMAscore ofmore than 24.A total of 1,800 patients
withanaverage followupof12 to36months.TheuseofPRP forarthroscopic rotator cuff tear,whencomparedwithcontrols, leads
to a lower number of retears, improved short-term postoperative scores, and functional outcome. The following postoperative
scores were reported: Constant: 12, Simple Shoulder Test: 10, ASES (American Shoulder and Elbow Surgeons): 9, UCLA (Uni-
versity of California, LosAngeles) 11, SANE (SingleAssessmentNumeric Evaluation) 1, VAS (visual analog scale): 6, andRetears:
13.Subgroupanalysis showed that leukocyte contentandgel applicationmakenodifference in theeffectivenessofPRP.VASscore
subgroup analysis showed short-term pain relief. Conclusions: Our study shows that PRP is effective in reducing retears after
rotator cuff repair and improving functional outcome scores and reducing short-term pain. Level of Evidence: Level III, sys-
tematic review of Level I-III studies.

number of reported retears is still significant.1 Factors
Introduction
he number of rotator cuff repairs continues to in-
Tcrease with overall satisfactory results, but the
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that may affect outcomes include those related to the
surgeon, the surgery, and the patient. Surgeon factors
include the amount of experience a surgeon has, which
shows a correlation with lower retear rates.2 Surgical
factors include the nature of the tear and the method of
repair. Patient factors include the age, comorbidities,
and quality of the remnant tissue.1 The tissue is often of
poor quality in larger chronic tears, and when repaired,
the remnant tissue heals with scar tissue, forming a
weaker biomechanical structure.2 The normal healing
of tendon heals with scar tissue, which is an inferior
construct compared with normal tissue.3 Biological
augmentation using methods such as platelet-rich
plasma (PRP) has the potential to enhance tissue
healing for tendon repairs. It can either lead to
, Vol 4, No 2 (April), 2022: pp e823-e833 e823
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enhanced tissue repair, improving the scar tissue
strength, or ultimately, it could lead to tissue regener-
ation that has the potential to heal tears with high-
quality tendon tissue.4,5

Platelet-rich plasma is an autologous blood-derived
concentrate of plasma, which has a high amount of
growth factors. The initial research showed little
promise; however, a number of later studies, including
meta-analyses, have shown a reduction of retear rates
in rotator cuff repair.4 This suggests with adequate po-
wer an effect can be detected. It stands to reason that an
analysis of all the current potential meta-analyses may
reveal trends not identified in individual studies.
The purpose of this study is to conduct a systematic

review of meta-analyses of rotator cuff repair using PRP
to identify whether PRP improves clinical function and
rate of tendon retears. These include (1) to conduct a
systematic review of the current meta-analyses of ro-
tator cuff repair using platelet-rich plasma available in
the literature, (2) to evaluate the quality of these meta-
analyses using the Preferred Reporting Items for Sys-
tematic Review (PRISMA) methodology, (3) to identify
whether PRP improves clinical function and rate of
tendon retears, (4) and to develop guidance to improve
future studies in this area. We hypothesize that PRP
does improve clinical outcomes and reduces retears for
rotator cuff repair.
Fig 1. Search strategy.
Methods
This study is a level III systematic review of previous

meta-analyses. This systematic review was performed
in line with the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) statement.

Search Strategy
We performed a comprehensive search of PubMed,

Medline, Cochrane, CINAHL (Cumulative Index to
Nursing and Allied Health Literature), and Embase
databases for the years 1966 to Jan 1, 2020. To mini-
mize the number of articles that may be missed, we
used various combinations of the commercial names
(Smartprep, Cascade, Harvest, GPS, etc.) of each PRP
preparation and the following key words: tendon, ro-
tator cuff, supraspinatus, infraspinatus, platelet,
platelet-rich plasma, PRP, “shoulder”, “subscapularis”,
“external rotators”, “systematic review”, “meta-anal-
ysis”, and platelet concentrate (see Appendix 1). All
articles relevant to the subject were retrieved, and their
bibliographies were searched for further references in
the context of the use of orthobiologics in the treatment
of rotator cuff tears. We identified 180 citations from
the initial electronic searches looking at published
meta-analyses. These were then streamlined to only
include surgical repair of rotator cuff tendons
augmented with PRP.
Eligibility Criteria
The search was limited to meta-analysis articles

published in peer-reviewed journals and the English
language without date restrictions up to Jan 1, 2020
(Fig 1). Case reports, literature reviews, abstract-only
publications, and letters to the editors were all
excluded. Animal studies were not included. Studies
were included if they reported on clinical outcomes of
PRP augmentation in patients with surgical repair of
rotator cuff tears and were meta-analyses or systematic
reviews. All types of tears were included. All types of
PRP preparations and applications were included. No
limit was set for minimum follow-up duration.

Extraction of Data
Data were extracted from all eligible articles restricted

to meta-analyses. Each study was reviewed for the
quality of its methodology, and differences were



Table 1A. List of Meta-Analysis: Summary of Articles with Number of Articles Analyzed and the Article Citation

First Author Journal
Date of

Publication

Date of
Last Literature

Search
Level of
Evidence

No. of
articles
reviewed

No of systematic
reviews/

Meta-analysis to cite

No of systematic
reviews/

Meta-analysis cited

Chahal Arthroscopy Nov 2012 December 2011 3 5 0 0
Zhang PLoS One July 2013 April 2013 2 7 1 1
Moraes Cochrane April 2014 March 2013 2 3 1 1
Li Arthroscopy November 2014 May 2013 2 7 1 1
Zhao Arthroscopy January 2015 September 2013 2 8 2 2
Warth Arthroscopy February 2015 September 2013 2 11 2 0
Vavken AJSM March 2015 August 2014 2 13 3 1
Cai JSES December 2015 January 2015 1 8 4 0
Yang Journal of Sports Medicine

and Physical Fitness
November 2016 Not stated 1 8 5 1

Fu Clinical Rehabilitation February 2017 December 2015 1 11 6 4
Han Journal of Orthopaedic

Surgery and Research
June 2019 September 2016 1 13 7 6

Hurley AJSM March 2019 March 2017 1 18 8 7
Chen AJSM November 2019 December 2017 1 18 9 7
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resolved by discussion among the authors. A descriptive
summary of the results is presented. A total of 13 arti-
cles met the inclusion criteria (Table 1). If data were
missing, the authors of the articles were contacted to
determine whether those potential data were available.
The characteristics of the meta-analyses are demon-

strated in Tables 1-6. The data points evaluating effect
size and mean differences between these points were
extracted. The number of retears, patient function, and
pain score were analyzed and compared. Methodolo-
gies of each study were compared.
The QUOROM (QUality Of Reporting Of Meta-

analysis) used previously by Saltzman et al.6 has been
superseded by PRISMA.7 The PRISMA (Preferred
Reporting Items for Systematic reviews and Meta-
analyses) is a 27-item checklist that is used to eval-
uate the quality of reporting. New items included are an
evaluation of objective, presence of protocol, a full
description of electronic search, outcome level of
assessment, risk of bias, limitations, and sources of
Table 1B. Summary of Conclusion of Meta-Analysis and Risk of

Study Name Retear Pain Function R

Chahal N N N Low
Zhang N N N X
Moraes N N N Low
Li N N N Low
Zhao N N N Low
Warth Small-moderate tears N N 5 o

Vavken Small-moderate tears N N X
Cai Small-moderate tears N N low
Yang Small-moderate tears Y N low
Fu N Y Y low
Han Y N Y X
Hurley Y Y Y Low
Chen Y Y Y X

N, not effective; Y, effective.
funding. The meta-analysis was further assessed by the
Oxman-Guyatt8 score as a quality appraisal tool. This is
a 10-point questionnaire looking at the search method,
criteria of included studies, the bias in selection, the
validity of the studies, and whether the results sup-
ported the conclusion the authors had undertaken. The
Oxman-Guyatt score provides an opportunity for sub-
jective feedback, which the PRISMA method is lacking.
The Jadad decision algorithm9 was used to evaluate
discordant reviews. Two authors independently applied
the search method and the evaluation of the scoring
system to analyze these studies.

Results
Thirteen studies met the criteria (Table 1). The range

of date of publications was from November 2012 to
November 2019. Publications were published in a
number of journals, including Arthroscopy, American
Journal of Sports Medicine, Journal of Shoulder and Elbow
Surgeons, and PLoS One. The earliest study was
Bias

isk of Bias Subgroup Analysis

to medium X
Tear Size

to medium X
to medium X
to medium X

ut of 11 Tear size, Surgical fixation; PRP: preparation/
application/consistency

Tear size
x Tear size
x Tear size

X
X
Tear size; VAS
Leukocyte content and Gel Applicationy



Table 2. Scores Used in Meta-Analysis

Chahal Zhang Moraes Li Zhao Warth Vavken Cai Yang Fu Han Hurley Chen

Clinical Indices
Constant score Y Y Y Y Y Y N Y Y Y Y Y Y
SST score Y Y Y Y N Y N Y Y Y Y N Y
ASES score Y Y N Y N Y N Y Y N Y Y Y
UCLA Shoulder score Y Y Y Y N Y N Y Y Y Y Y Y
SANE score Y N N N N N N N N N N N N
Overall Function N N Y N N N N N N Y N N N

Subjective measures
Patient VAS for pain N N N Y N Y N N Y Y Y Y Y
Constant Pain Score N N N N N N N N N Y N N N
Complications
Retear rate (MRI) Y Y Y Y Y Y Y Y Y Y Y Y Y
Revision surgery N N N N Y N Y N N N N N N
Overall complications N N N N N N Y N N N N N N
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published by Chahal et al.10 in Arthroscopy that
reviewed 5 studies; however, it did not include only
randomized controlled trials. This is in contrast to Chen
et al.,11 who published in November 2019 and
reviewed 18 studies, which were all level I randomized
controlled trials. The majority of articles cited previous
meta-analyses.
The mean age of the patients in the studies ranged

from 58 to 62, with a range reported from 28 to 79.
Initial studies suggested that PRP did not affect the
clinical and radiological outcomes.10,12,13,14,15 Radio-
logical outcomes were all measured using MRI on all
follow-up patients as standard procedure. However,
later studies used a subgroup analysis and noted a
reduced retear rate in the repair of small and medium
tears with PRP. Warth et al.13 noted that injecting PRP
between the tendon-bone interface improved out-
comes.16 With the increasing amount of patient data,
later meta-analyses were able to detect reduced retear,
improved pain, and functional outcome in all types of
tears. This suggests that the earlier studies were inad-
equately powered to note this difference.
Table 3. Database Analyzed

Article PubMed EMBASE
Cochrane Library of

Databases CINAHL LILACS

Chahal Y Y Y N N
Zhang Y Y Y N N
Moraes Y Y Y N Y
Li Y Y Y N N
Zhao Y Y Y N N
Warth Y Y N N N
Vavken Y Y Y Y N
Cai Y Y N N N
Yang Y Y Y N N
Fu Y Y Y N N
Han Y Y Y N N
Hurley Y Y Y N N
Chen Y N Y N N
Data Collection
All of the meta-analyses collected retear rates (see

Table 2). Only the Vavken et al.16 looked at complica-
tions of surgery. Both Vavken et al.16 and Zhao et al.17

looked at the topic of revision surgery. Only 7 studies
looked at the VAS pain score. The timing of these scores
was vastly different from some studies looking at 1-
month postoperation and others looking further
ahead at 6 months or more. The clinical indices
analyzed were different. The majority of articles looked
at the Constant score. However, early articles, like
Chahal et al. in 2012,10 looked at 5 different scores,
whereas Zhao et al.17 in 2015 only looked at the Con-
stant score. Vavken et al. in 201416 looked at no clinical
indices. Fortunately, the later articles, including Han
et al.,18 Hurley et al.,19 and Chen et al.11 analyzed the
majority of clinical scoring.

Quality of Search
The majority of articles searched were found in

PUBMED, EMBASE, and the Cochrane library
(Table 3). Only Vavken et al.16 was quoted as using
BIOSIS Ovid No of primary studies
Primary Studies Included
Only RCTS or Quasi-RCTS

N N 5 N
N N 7 N
N N Y
Y Y 7 Y
N N 8 Y
N N 11 N
N N 13 N
N N 8 Y
N N 8 Y
N Y 11 Y
N N 13 Y
N N 18 Y
N Y 18 Y



Table 4. Studies Included

Primary Study Chahal 2012 Zhang 2013 Moraes 2014 Li 2014 Zhao 2015 Warth 2015 Vavken 2015 Cai 2015 Yang 2016 Fu 2017 Han 2019 Hurley 2019 Chen 2019

Castricini 2010 Y Y Y Y Y Y Y Y Y Y N Y Y
Randelli 2011 Y Y Y Y Y Y Y Y Y Y N Y Y
Barber 2011 Y N N N N N Y N N N N N N
Buford 2011 N N N N N N Y N N N N N N
Longo 2011 N N N N N N Y N N N N N N
Bergeson 2012 Y N N N N N Y N N N N N N
Jo 2011 Y Y N N N Y Y Y N N N N N
Gumina 2012 N Y Y Y Y Y N/A N Y Y N Y Y
Weber 2013 N Y N Y Y Y Y Y Y N N Y Y
Antuna 2013 N Y Y Y N Y N/A N Y N N N N
Jo 2013 N N N N Y Y N/A N N N N Y Y
Ruiz-Moneo 2013 N N N Y Y Y N/A N Y Y N Y Y
Malavolta 2014 N N Y N N Y N/A Y Y Y N Y Y
Sanchez 2011 N N N N Y Y N/A N N N N Y N
Rodeo 2012 N Y Y Y Y Y N/A N Y Y N Y N
Rha 2013 N/A N N N N N N N N N N N Y
Antuna 2013 N/A N N N N N N N N N N N N
Kesikburun 2013 N/A N N N N N N N N Y N N Y
Zumstein 2014 N/A N/A N N N N N N N N N Y Y
Hak 2014 N/A N/A N N N N N N N Y N Y N
Jo 2015 N/A N/A N/A N/A N N N N N Y Y Y Y
Pandey 2016 N/A N/A N/A N/A N/A N/A N/A N/A N N Y Y Y
D’Ambrosi 2016 N/A N/A N/A N/A N/A N/A N/A N/A N N N Y Y
Holtby 2016 N/A N/A N/A N/A N/A N/A N/A N/A N N Y Y N
Ebert 2017 N/A N/A N/A N/A N/A N/A N/A N/A N/A N N N Y
Flury 2017 N/A N/A N/A N/A N/A N/A N/A N/A N/A N N Y Y
Malavolta 2018 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N N N
Walsh 2018 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N N N

N, no; N/A, not applicable; Y, yes.
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Table 5. Scoring to Evaluate the Quality of the Meta-
Analysis

Author Oxman-Guyatt PRISMA Score

Chahal 9 24
Zhang 9 27
Moraes 9 27
Li 9 27
Zhao 9 27
Warth 9 27
Vavken 9 27
Cai 9 27
Yang 9 27
Fu 9 27
Han 9 27
Hurley 9 27
Chen 9 27

The Oxman-Guyatt score evaluates the quality of evidence of the
meta-analysis using a series of 10 questionsdthe closer to 10dthe
higher the quality. The PRISMA score is a checklist evaluation of the
quality of steps taken in each individual meta-analysis.
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CINAHL. Moreas et al.20 were the only ones to use
LILACS. Li et al.12 were the only ones to use Biosis.
Early studies used a mixture of randomized and non-
randomized studies. Studies after 2015 used only
randomized controlled trials. This is likely to have
occurred, as there were a lack of randomized
controlled trials before 2015.

Studies Employed
A number of the earlier meta-analyses involved

nonrandomized controlled trials in their studies.
Chahal et al.10 and Vavken et al.16 are a few examples.
However, with the increasing number of randomized
controlled trials available, this practice has been
stopped by recent meta-analyses. It should be noted
that although the majority of articles are captured by
each relevant meta-analyses, some of the articles are
missing. This may be due to the heterogeneity in
scoring systems used among trials making certain trials
inert in the analysis.

Study Quality and Validity
All of the articles were scored by the PRISMA and

Oxman-Guyatt, similar to Saltzmann et al.’s6 usage in
their previous work. Saltzman et al. used the
QUORUM score, which has now been superseded by
the PRISMA score. All of the studies obtained high
scores, scoring between 24 and 27. All studies were
scored by the Oxman-Guyatt score of 9, which in-
dicates the meta-analysis was of high quality (Table 5).
These studies noted in many of the randomized
controlled trials that there was a high risk of bias in
certain studies.

Risk of Bias
Li et al. and Zhao et al. noted a low to medium risk of

bias. Warth et al.13 undertook a detailed analysis



Table 6B. Clinical Outcomes

UCLA Total No. of Studies No. of Studies Used for Analysis Only RCT

Overall

Z P Value Range I (%) Cross Line of No Effect

Chahal 2012 5 N
Zhang 2013 5 3 N 1.09 .28 �2.2-.63 0 Y
Li 2014 6 2 Y .42 .67 �1.55-1 90 Y
Zhao 2015 8 4 N 1 .32 �2- �.65 0 Y
Warth 2015 11 6 N .48 �1.03-1.63 0 Y
Vavken 2015 7 N
Cai 2015 5 4 N .38 .7 �1.48-2.19 60 Y
Yang 2016 8 4 Y .25 .8 �1.64-2.13 0 Y
Fu 2017 11 - Y
Han 2019 13 7 Y 2.69 .007 .27-1.69 47 N
Hurley 2019 18 6 Y <.05 .55-2.05 0 N
Chen 2019 18 Y

SST Total no. of studies No. of studies used for analysis Only RCT

Overall

Z P Value Range I (%) Cross Line of No Effect

Chahal 2012 5 N
Zhang 2013 5 3 N 1.73 .08 .48-1.05 24 Y
Li 2014 6 2 Y 1.93 .05 �.01-.69 47 Y
Zhao 2015 8 N
Warth 2015 11 4 N .85 �.37-.71 0 Y
Vavken 2015 7 N
Cai 2015 5 2 N 1.6 .11 �.11-1.09 0 Y
Yang 2016 8 3 Y 1.93 .15 �.01-.69 47 Y
Fu 2017 11 Y
Han 2019 13 Y 2.65 .008 .1-.75 0 N
Hurley 2019 18 Y
Chen 2019 18 Y
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noting 5 out of 11 studies had a high risk of selection
bias. They also noted that 6 out of 11 studies had a
performance bias. Cai et al.,21 Yang et al.,22 and Fu
et al.23 found a low risk of bias. Hurley et al.19 under-
took a Jaddad score9 of 3.8 � .7, suggesting an overall
high quality of study but noted that 3 out of the 18
studies had a high risk of bias.

Heterogeneity and Subgroup Analyses
The majority of the meta-analysis undertook I

squared tests for clinical and radiological outcomes. The
issue with heterogeneity is that the outcomes were
recorded with a variety of scoring methods and that
these were not universally employed. Seven studies
undertook I squared tests for retears. Earlier studies,
including Li et al.12 and Warth et al.13 both found
moderate heterogeneity. Zhang et al.24 decided to un-
dertake a subgroup analysis by tear size, and as a result,
were the first to find PRP effective for small and me-
dium tears with low heterogeneity. Articles by Vavken
et al.16 and Cai et al.21 echoed this. Recent studies
included Hurley et al.19 and Chen et al.11 found PRP
effective for reducing retears in all types of tears.
Only Chen et al.11 and Hurley et al.19 looked at

leukocyte concentration in PRP. Chen et al.11 under-
took a subgroup analysis for leukocyte content and gel
application (thickened with coagulants), showing low
heterogeneity for both, and these were not factors in
determining the effectiveness of PRP to reduce retear
rates. Leukocyte content and commercial brand was not
shown to make any impact on outcome.19

The VAS pain analysis showed a low heterogeneity;
again, only the later studies would show PRP of benefit
over the control. Hurley et al.19 undertook a subgroup
analysis analyzing VAS score at different time periods,
showing both had low heterogeneity and that PRP was
effective in reducing pain scores. Chen et al.11 showed
PRP was effective for the short term, but not in the long
term. Subgroup analysis with low heterogeneity at
leukocyte content and gel application led to no differ-
ence in the results.
The Constant score had low heterogeneity in the

majority of studies. This is not surprising, as these are
the most common scores employed in clinical studies.
Warth et al.13 undertook a subgroup analysis of Con-
stant scores. They undertook subgroup analysis of levels
of evidence; tear size, fixation method, PRP preparation
PRP application, and PRP consistency. Despite this, they
found a difference between the treatment groups. They
employed a Leave-One-Out analysis for ASES (Amer-
ican Shoulder and Elbow Surgeons), UCLA (University
of California, Los Angeles), Constant, Simple Shoulder
Test (SST), VAS (visual analog scale) pain scores, again
concluding no difference. A recent paper by Hurley



Table 6C. Overall Recommendation for PRP

Studies Retears Clinical Comment

Chahal 2012 N N Small study size. Only 5 studies
reviewed of which only 2
randomized. Study is too small for
quantitative synthesis undertaken.

Zhang 2013 N N 7 studies reviewed of which 3 were
randomized controlled trial.
Insufficient numbers appropriate
for meta-analysis.

Li 2014 N N 7 studies reviewed of which only 4
were randomized trials. Insufficient
evidence to make a conclusion

Zhao 2015 N N 8 studies reviewed, all randomized
controlled trials. Patient number
was low (under 500 patients).

Warth 2015 N N 11 studies reviewed of which 8 were
randomized. They did note
improvement of Constant scores
and retear rates of PRP, but that
was statistically significant at this
point.

Vavken 2015 N N 13 studies. Effective for small and
medium tears.

Cai 2015 Y N 5 studies were reviewed, which
showed a reduce retear rate in
small- to moderate-sized tears

Yang 2016 N Y 8 studies reviewed. Noted
improvement in postoperative pain
but not in retear rate.

Fu 2017 N/A N 11 studies reviewed. Did not look at
retears. No clinical improvements
noted.

Han 2019 Y Y 13 studies showed improvement in
pain, function, and retear rates.

Hurley 2019 Y Y 18 studies showed improvement in
pain, function, and retear rates.

Chen 2019 Y Y 18 studies showed improvement in
retear rate and functional
outcomes.
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et al.19 and Chen et al.11 showed that PRP was effective
in improving Constant scores. Chen et al.11 showed in
subgroup analysis with low heterogeneity that despite
the leukocyte content and gel application method, PRP
improved Constant scores over control.
Eight studies looked at the UCLA scores. Li et al.12

noted high heterogeneity for the UCLA scores, where
the majority noted low to moderate. The issue with the
UCLA score is that few of the randomized controlled
trials utilized it. The SST score was noted as low-to-
moderate heterogeneity. The ASES and the SST score,
though used less frequently, also noted low-to-
moderate heterogeneity.
Overall, the data are suggestive of low-to-moderate

heterogeneity, which suggests that the data are com-
parable. This strengthens the conclusions of these arti-
cles, though it should be noted that this changed with
time,
Overall Recommendations
Early studies did not recommend PRP for clinical or

radiological benefit (See Table 6B and 6C). Warth
et al.13 first noted in 2015 of possible reduced retear and
Constant score, but it was not statistically significant.
Following this Vavken et al.16 and Cai et al.21 noted a
statistically significant improvement of retear rate in
small and medium retears. The four meta-analyses that
were recently published all now show a clinical and
radiological benefit of PRP over control. The reasons are
potential improvement in technology of PRP produc-
tion, application (improved retear rates with
bone-tendon implementation), and larger number of
patients that results in adequate power that allows the
detection of effect of PRP. Also, the previous meta-
analyses had small numbers and fewer randomized
controlled trials, and they used nonrandomized
controlled trials. Strict meta-analysis rules do not advise
or allow it.

Jaddad Decision Algorithm
Four of the authors applied the Jaddad methodology9

to identify which of the studies provided the strongest
evidence. After analysis, it was determined 11 out of 13
studies delivered high-quality evidence, including Jad-
dad scores,9 Detsky scores,25 and appropriate subgroup
analysis. The current evidence suggests that PRP re-
duces the rate of retear, can reduce short-term pain,
and provides better functional outcomes as compared to
control. This is despite the tear size or the leukocyte
content. It has been found that the application of PRP at
the tendon-bone interface provides the most benefit,
whether a gel is employed or not.

Discussion
In our study, PRP augmentation for arthroscopic ro-

tator cuff tear led to lower retear rates and improved
short-term postoperative functional outcome scores
We critically analyzed 13 studies, of which 6 were

level I, 6 were level II and 1 was level III. These studies
were deemed of high quality after analysis with
PRISMA and Oxman-Guyatt scores, lending credence
to their findings. There is a conflict of conclusions be-
tween early and later studies, the effectiveness of PRP
only being shown in later articles. The resolution of this
conflict is apparent from our study, with a subgroup
analysis of later meta-analyses showing that with
appropriate numbers, PRP is effective in improving
functional outcome, as well as the rate-of retear.
Certain factors such as gel application and high
numbers of leukocytes have shown no difference to the
effectiveness of PRP, but the application at the tendon-
bone interface was superior to the application over the
repair site.
According to our findings, platelet-rich plasma is

recommended for augmenting rotator cuff repair. PRP
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preparation, application, and consistency do not seem
to affect outcomes. This finding is in contrast to Saltz-
man et al.,6 who also conducted a systematic review of
meta-analyses in May 2016. The effect of PRP applica-
tion timing (before and after repair) could not be
commented on, as the large majority did the application
after repair, as the PRP could affect the surgical
visualization.
Saltzmann et al.6 only included 7 meta-analyses, of

which six were level of evidence II and one was level of
evidence II. Out of the 7 studies, only one by Li et al.12

looked exclusively at randomized controlled trials, the
others included cohort studies, lowering the quality of
data produced. The most recent meta-analysis reviewed
by Saltzmann et al.6 was Vavken et al.16 from 2015,
which looked only at 11 studies, of which only 8 were
randomized.
They undertook an analysis of these 7 studies and

scored them according to Oxman-Guyatt and
QUORUM. They found that looking at re-tear rates,
Constant, UCLA, ASES, and SST there was no differ-
ence between PRP-treated groups and controls. How-
ever, they did note the trend in their subgroup analysis
findings, suggesting small-to-moderate tears, and using
PRP in the tendon-bone interface had improved
outcomes.
In contrast, our study looked at 13 meta-analyses, the

latest being published in 2019. These studies included 6
level I, 6 level II, and 1 level III. The last meta-analysis
of our study looked at 18 randomized controlled trials.
Our study differs from Saltzman et al.6 due to the fact

we had a number of higher-quality studies available to
us. We also had a larger number of patients. This sug-
gests that with an adequately powered data, the clinical
and radiological benefit can be seen in the use of PRP.
The meta-analyses presented have limitations. Aside

from the six level I studies, we included one level II and
six level III studies. As a result, there may be bias,
including selection and publication bias. These studies
included low-to-moderate heterogeneity. The other
issue is that the preparation and application are so
variable that it can be difficult to compare. Subgroup
analysis did not show any differences; however, these
subgroup analyses had a limited number of studies. The
employment of scoring systems still varies between
studies, so a limited comparison could be made. Also,
there is no standardization of surgical technique,
including the use of acromioplasty, the method of
repair, and the postoperative physiotherapy.
Even if PRP does have some positive effect, the issue

of how substantial and whether this is cost-effective
needs to be seen. Vavken et al.,16 who undertook a
meta-analysis in March 2015 of 13 studies, of which
only 7 were randomized controlled trials, suggested
that PRP is not cost-effective. Making a cost-
effectiveness statement of PRP at this early stage is
presumptuous. Early adopters of new treatments will
always be expensive in the short term. However, as the
treatment evolves and the use becomes more wide-
spread through an economy of scales, the treatment
will be substantially less costly. With a better technique
in hand, PRP has the potential to be cost-effective and
prevent the need for further surgery. This reduction in
morbidity may also lead to more economic benefits for
society as a whole.

Limitations
The majority of the meta-analyses unfortunately

included low-level evidence. If we did not include
them, we would be essentially missing half of published
meta-analyses in the literature. Also, a large proportion
of current thinking of PRP was based on these early
reviews. Including these studies to address their
weaknesses is important to help clinicians understand
why prevalent thinking is incorrect and how more
powerful recent studies of higher-quality data has led to
a different understanding. However, as a result, this
creates limitation in our analysis.
Another limitation is that we are reviewing meta-

analyses, not individual randomized controlled trials.
We are depending on the findings of the group who
wrote the article. The information extracted from the
article could be incorrect due to method or human er-
ror. By analyzing the conclusions of other groups, we
create another level of error, based on the distance from
the actual evidence. We do our best to minimize this by
undertaking stringent criteria to evaluate each article.

Conclusion
Our study shows that PRP is effective in reducing

retears after rotator cuff repair and improving func-
tional outcome scores and reducing short-term pain.
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Appendix 1

Terminology used for search:
Tendon, rotator cuff, supraspinatus, infraspinatus,

platelet, platelet-rich plasma, PRP, shoulder, sub-
scapularis, external rotators, and platelet concentrate.

Commercial names searched:
GPS II (Biomet Biologics, Warsaw, IN)
Cascade (MTF, Edison, NJ)
Regenkit; Regen Lab, Switzerland
Haemonetics MCþ (Haemonetics Corp.)
GPS III Platelet concentration system (Biomet Bi-

ologics, Warsaw, IN)
PRGF System 1, (BTI Biotechnology, Spain)
PRF Process, Nice, France
Cobe spectra LRS Turbo, Caridian BCT, Lakewood,

CO
Vivostat PRF, Alleroed, Denmark
ACP Arthrex (USA)
Harvest Smartprep (Harvest, Plymouth, MA)
Terumo Penpol (Teromo, Japan)
ACP Arthrex (USA)
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