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Clinical and Structural Outcomes After Arthroscopic Repair
of Full-Thickness Rotator Cuff Tears With and Without
Platelet-Rich Product Supplementation: A Meta-analysis

and Meta-regression
Ryan J. Warth, M.D., Grant J. Dornan, M.Sc., Evan W. James, B.S.,

Marilee P. Horan, M.P.H., and Peter J. Millett, M.D., M.Sc.
Purpose: The purpose of this study was to perform a systematic review, meta-analysis, and meta-regression of all Level
I and Level II studies comparing the clinical or structural outcomes, or both, after rotator cuff repair with and without
platelet-rich product (PRP) supplementation. Methods: A literature search of the PubMed and EMBASE databases was
performed to identify all Level I or II studies comparing the clinical or structural outcomes, or both, after arthroscopic
repair of full-thickness rotator cuff tears with (PRPþ group) and without (PRP� group) PRP supplementation. Data
included outcome scores (American Shoulder and Elbow Surgeons [ASES], University of California Los Angeles
[UCLA], Constant, Simple Shoulder Test [SST] and visual analog scale [VAS] scores) and retears diagnosed with im-
aging studies. Meta-analyses compared preoperative, postoperative, and gain in outcome scores and relative risk ratios
for retears. Meta-regression compared the effect of PRP treatment on outcome scores and retear rates according to
6 covariates. Minimum effect sizes that were detectable with 80% power were also calculated for each study.
Results: Eleven studies were included in this review and a maximum of 8 studies were used for meta-analyses
according to data availability. There were no statistically significant differences between the PRPþ and PRP� groups
for overall outcome scores or retear rates (P > .05). Overall gain in the Constant score was decreased when liquid PRP
was injected over the tendon surface compared with PRP application at the tendon-bone interface (�6.88 points v þ0.78
points, respectively; P ¼ .046); however, this difference did not reach the previously reported minimum clinically
important difference (MCID) for Constant scores. When the initial tear size was greater than 3 cm in anterior-posterior
length, the PRPþ group exhibited decreased retear rates after double-row repairs when compared with the PRPe group
(25.9% v 57.1%, respectively; P ¼ .046). Sensitivity power analyses revealed that most included studies were only
powered to detect large differences in outcome scores between groups. Conclusions: There were no statistically sig-
nificant differences in overall gain in outcome scores or retear rates between treatment groups. Gain in Constant scores
was significantly increased when PRPs were applied at the tendon-bone interface when compared with application over
the top of the repaired tendon. Retear rates were significantly decreased when PRPs were used for the treatment of tears
greater than 3 cm in anterior-posterior length using a double-row technique. Most of the included studies were only
powered to detect large differences in outcome scores between treatment groups. In addition, an increased risk for se-
lection, performance, and attrition biases was found. Level of Evidence: Level II, meta-analysis of Level I and Level II
studies.
From the Steadman Philippon Research Institute (R.J.W., G.J.D., E.W.J.,
.P.H., P.J.M.); and The Steadman Clinic (P.J.M.), Vail, Colorado, U.S.A.
The authors report the following potential conflict of interest or source of funding:
ll authors receive support from Ossur, Smith & Nephew Endoscopy, Siemens
olutions, and Arthrex. P.J.M. also receives support GameReady and VuMedi.
Received February 14, 2014; accepted September 9, 2014.
Address correspondence to Peter J. Millett, M.D., M.Sc., Center for
utcomes-Based Orthopaedic Research (COOR), Steadman Philippon
esearch Institute, 181 West Meadow Drive, Ste 1000, Vail, CO 81657, U.S.A.
-mail: drmillett@thesteadmanclinic.com
� 2014 by the Arthroscopy Association of North America
0749-8063/14124/$36.00
http://dx.doi.org/10.1016/j.arthro.2014.09.007

Arthroscopy: The Journal of Arthroscopic and Related
ver the past decade, research has focused on
Oenhancing the biomechanical properties of
various rotator cuff repair constructs in an effort to
improve the potential for tendon-footprint healing.
Despite these improvements, retear rates have been
persistently high regardless of the repair technique.1-3

Given the high rate of structural failure at the tendon-
bone interface,4-7 successful rotator cuff repair is more
likely to be reliant on the biological characteristics of
healed tissues rather than the biomechanical strength of
the repair construct.
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After rotator cuff repair, it has been shown that
the fibrovascular scar tissue deposited at the tendon-
bone interface is inferior in quality to that of
the native enthesis.8,9 This factor may partially
explain the high rate of observed retears at the
tendon-bone interface after rotator cuff repair and
the subsequent decline in clinical outcomes.10-15 As a
result, recent research has focused on the develop-
ment of biological materials designed to enhance the
strength and quality of repaired tissue at the tendon
footprint.
Although many investigators have identified and

studied the various biochemical signaling cascades
involved in rotator cuff healing, an important study by
Rodeo et al.16 showed that isolated osteoinductive
growth factors, specifically recombinant human bone
morphogenic protein 12, could be used to improve the
tissue quality at the site of rotator cuff repair in sheep.
Others have shown that fibroblastic growth factor 2
may accelerate the remodeling process while also
helping with the formation of granulation tissue.17,18

Because many other growth factors are also released
from the alpha granules of activated platelets in phys-
iological concentrations, it is theorized that the appli-
cation of a biological material rich in platelets may help
stimulate the development of normal-appearing histo-
logic tissue characteristics at the repair site, decrease
retear rates, and improve clinical outcomes after rotator
cuff repair.
Several prospective comparative studies have exam-

ined the clinical or structural outcomes after the inte-
gration of various platelet-rich products (PRPs) with
rotator cuff repairs; however, the results have been
conflicting to date. As a result, controversy exists
regarding the clinical efficacy of PRP supplementation
during arthroscopic rotator cuff repair. Therefore, the
purpose of this study was to perform a systematic re-
view, meta-analysis, and meta-regression of all the
Level I and Level II studies comparing the clinical or
structural outcomes, or both, after rotator cuff repair
with and without PRP supplementation. We hypothe-
sized that there would be no statistically significant
differences in clinical or structural outcomes between
treatment groups.
Methods

Study Design
This study was performed in accordance with the

2009 Preferred Reporting Items for Systematic Reviews
and Meta-Analyses statement19 and the research pro-
tocol designed by Wright et al.20 in 2007. A systematic
review, meta-analysis, and meta-regression were per-
formed in which only prospective Level I or II clinical
trials in any language with full-length articles that
compared the clinical or structural outcomes, or both,
after rotator cuff repair with and without PRP supple-
mentation were included. Abstracts, meeting pre-
sentations, and all other studies that did not fit these
strict criteria were excluded.

Literature Search
Two reviewers independently searched the PubMed

and EMBASE databases along with major orthopaedic
journals using the search terms “platelet rich plasma
AND rotator cuff,” “PRP AND rotator cuff,” and “fibrin
matrix AND rotator cuff” in September 2013. All the
resulting titles and abstracts were screened for possible
inclusion. After this initial search, the reference lists of
included articles were carefully examined to locate
further studies. Authors were also contacted to obtain
information regarding completed but unpublished
study results. The literature search was repeated in
December 2013 to identify any new research that had
become available between the time of the initial search
and study completion.

Data Extraction
Two reviewers independently extracted article data.

Data included study characteristics, patient de-
mographics, surgical techniques, clinical and imaging
follow-up intervals, and complications, along with
clinical outcome scores and retears diagnosed by im-
aging studies. Whenever possible, extracted data were
grouped into one of 2 categories depending on whether
rotator cuff repair was performed with (PRPþ group) or
without (PRP� group) concomitant PRP treatment.
PRPs were defined as substances derived from standard
platelet-rich plasma preparation protocols, including
injectable liquid-based preparations or suturable prod-
ucts such as precoagulated gels or fibrin matrices.
Clinical outcome measures that were pooled and

compared between PRPþ and PRP� groups included
preoperative and minimum 12-month postoperative
American Shoulder and Elbow Surgeons (ASES) scores,
Constant-Murley (Constant) scores, University of Cali-
fornia Los Angeles (UCLA) scores, Simple Shoulder Test
(SST) scores, and visual analog scale (VAS) pain scores.
Interval outcomes evaluations were also included when
appropriate. To provide meaningful comparisons, clin-
ical outcomes data were included in the meta-analysis
only when 3 or more studies reported their results us-
ing the same validated outcomes measure with com-
parable follow-up intervals. For each included study,
only preoperative and postoperative outcome scores
(along with their ranges, standard deviations, or con-
fidence intervals) were documented in an effort to
obtain only those data points that had not been further
manipulated by statistical methods. Therefore, any
representations of “gain” or “change” in outcome scores
were ignored. This strategy was chosen to ensure
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identical treatment of all extracted data by avoiding the
introduction of additional layers of potential variability
in our results resulting from differing statistical methods
that may have been used across each study.
Structural outcomes data obtained at least 9 months

postoperatively from magnetic resonance imaging (MRI),
magnetic resonance arthrography (MRA), computed
tomographic arthrography (CTA) or ultrasonography
(US) were included in the meta-analyses. In this study,
a retear was defined as any recurrent or residual defect
on postoperative imaging studies that was diagnosed as
either a “retear” or a “lack of healing” in the study from
which the data was obtained. Retears were grouped
according to whether the initial tear size was less than
3 cm in anterior-posterior length or greater than 3 cm
in anterior-posterior length. However, in one included
study, Randelli et al.21 reported tear sizes according to
their medial-lateral length as classified by Patte.22 In
this case, stage 1 and 2 tears were considered to be less
than 3 cm in anterior-posterior length, whereas stage 3
and 4 tears were considered to be greater than 3 cm in
anterior-posterior length.

Quality Appraisal
A thorough risk-of-bias assessment was undertaken

to identify factors that may have altered the results of
this analysis. Two reviewers independently evaluated
each included study and documented their potential for
selection bias, performance bias, detection bias, attrition
bias, and reporting bias using the Cochrane tool for
Fig 1. Flow diagram outlining the
process of study selection.
assessing risk of bias in randomized trials.23 Funnel
plots were constructed to visually detect the presence of
publication bias for both Constant scores and retear
rates and are presented in Appendix A (available at
www.arthroscopyjournal.org).

Synthesis of Results

Clinical Outcomes. Meta-analyses were performed to
statistically compare the PRPþ and PRP� treatment
groups regarding pre- and postoperative clinical outcome
scores.24 The weighted mean pre- to postoperative
change in outcome scores was also calculated and
compared between the PRPþ and PRP� treatment
groups. The relative gain in outcome scores (q) was
defined as the pre- to postoperative change in the
PRPþ group minus the pre- to postoperative change
in the PRP� group. A positive number indicated that
the PRPþ group had a greater pre- to postoperative
change in the outcomes score, whereas a negative
number indicated that the PRP� group had a greater
pre- to postoperative change in the outcomes score.
Subgroup meta-analyses were performed to compare

the overall effect of PRP treatment on preoperative,
postoperative, and gain in Constant scores according to
the following 6 covariates: levels of evidence (Level I v
Level II), initial tear size (<3 cm v >3 cm), repair type
(single row v double row), PRP preparation system
(manual v commercial), PRP application procedure
(injection at the tendon-bone interface v injection over
the repaired tendon), and PRP types (platelet-rich fibrin

http://www.arthroscopyjournal.org


T
ab

le
1.

S
u
m
m
ar
y
o
f
In
d
iv
id
u
al

S
tu
d
y
C
h
ar
ac
te
ri
st
ic
s

In
d
iv
id
u
al

S
tu
d
y
C
h
ar
ac
te
ri
st
ic
s

A
u
th
o
rs

Y
ea

r
L
ev

el
o
f

E
vi
d
en

ce

S
h
o
u
ld
er
s

A
n
al
yz
ed

(P
R
P
þ/

P
R
P
�)

M
al
e
S
ex

,
n

(P
R
P
þ/

P
R
P
�)

M
ea

n
A
ge

(P
R
P
þ/

P
R
P
�)

M
in
im

u
m

C
li
n
ic
al

F
o
ll
o
w
-u
p
,
m
o

M
in
im

u
m

Im
ag

in
g

F
o
ll
o
w
-u
p
,
m
o

R
ep

ai
r
T
yp

e
Im

ag
in
g

M
o
d
al
it
y

T
ea

rs
<
3
cm

,
n

(P
R
P
þ/

P
R
P
�)

T
ea

rs
>
3
cm

,
n

(P
R
P
þ/

P
R
P
�)

C
as
tr
ic
in
i
et

al
.2
6

2
0
1
1

I
8
8
(4
3
/4
5
)

4
0
(1
7
/2
3
)

(5
5
.5
/5
5
.2
)

1
6

1
6

D
o
u
bl
e
ro
w

M
R
I

8
8
(4
3
/4
5
)

0
R
an

d
el
li
et

al
.2
1

2
0
1
1

I
4
5
(2
2
/2
3
)

2
1
(8
/1
3
)

(6
1
.3
/5
9
.5
)

1
2

1
2

S
in
gl
e
ro
w

M
R
I/
M
R
A
/U

S
2
9
(1
4
/1
5
)

1
6
(8
/8
)

G
u
m
in
a
et

al
.2
7

2
0
1
2

I
7
6
(3
9
/3
7
)

4
1
(2
0
/2
1
)

6
1
(6
0
/6
3
)

1
2

1
2

S
in
gl
e
ro
w

M
R
I

0
7
6
(3
9
/3
7
)

W
eb

er
et

al
.4
3

2
0
1
2

I
5
9
(2
9
/3
0
)

3
6
(2
0
/1
6
)

(5
9
.7
/6
4
.5
)

1
2

1
2

S
in
gl
e
ro
w

M
R
I

5
6
(2
8
/2
8
)

3
(1
/2
)

A
n
tu
ñ
a
et

al
.2
5

2
0
1
3

I
2
8
(1
4
/1
4
)

6
(3
/3
)

6
5
(N

R
/N

R
)

1
2

1
2

S
in
gl
e
ro
w

M
R
A

0
2
8
(1
4
/1
4
)

Jo
et

al
.2
9

2
0
1
3

I
4
7
(2
4
/2
3
)

2
4
(1
0
/1
4
)

(6
4
.2
/6
1
.9
)

1
2

9
D
o
u
bl
e
ro
w

M
R
I/
C
T
A

0
4
7
(2
4
/2
3
)

R
u
iz
-M

o
n
eo

et
al
.4
2

2
0
1
3

I
6
3
(3
2
/3
1
)

2
5
(1
4
/1
1
)

(5
6
/5
5
)

1
2

1
2

D
o
u
bl
e
ro
w

M
R
A

3
6
(1
8
/1
8
)

2
7
(1
4
/1
3
)

M
al
av

o
lt
a
et

al
.3
0

2
0
1
4

I
5
4
(2
7
/2
7
)

1
7
(8
/9
)

(5
5
.3
/5
4
.1
)

1
2

1
2

S
in
gl
e
ro
w

M
R
I

5
4
(2
7
/2
7
)

0
S
án

ch
ez

M
ár
q
u
ez

et
al
.3
1

2
0
1
1

II
2
8
(1
4
/1
4
)

8
(N

R
/N

R
)

6
5
(N

R
/N

R
)

1
2

1
2

S
in
gl
e
ro
w

M
R
A

2
8
(1
4
/1
4
)

0
Jo

et
al
.2
8

2
0
1
1

II
4
2
(1
9
/2
3
)

1
5
(6
/9
)

(6
1
.8
/5
9
.8
)

1
6

9
D
o
u
bl
e
ro
w

M
R
I

2
2
(8
/1
4
)*

1
0
(7
/3
)*

R
o
d
eo

et
al
.4
1

2
0
1
2

II
6
7
(3
5
/3
2
)

4
4
(2
3
/2
1
)

(5
8
.9
/5
7
.2
)

1
2

3
D
o
u
bl
e
ro
w

U
S

5
9
(3
0
/2
9
)

2
0
(1
0
/1
0
)

O
ve

ra
ll

5
9
7
(2
9
8
/2
9
9
)

2
6
9
(1
2
9
/1
4
0
)

(5
9
.2
/5
8
.9
)y

M
ea

n
1
4
.9

M
ea

n
1
1
.0

e
e

3
6
5
(1
8
1
/1
8
4
)

2
2
7
(1
1
7
/1
1
0
)

C
T
A
,
co
m
p
u
te
d
to
m
o
gr
ap

h
ic

ar
th
ro
gr
ap

h
y;

M
R
A
,
m
ag
n
et
ic
re
so
n
an

ce
ar
th
ro
gr
ap

h
y;

M
R
I,
m
ag

n
et
ic

re
so
n
an

ce
im

ag
in
g;

N
R
,
n
o
t
re
p
o
rt
ed

;
P
R
P
,
p
la
te
le
t-
ri
ch

p
ro
d
u
ct
;
U
S
,
u
lt
ra
so
n
o
gr
ap

h
y.

*I
n
cl
u
d
es

o
n
ly

th
o
se

w
h
o
w
er
e
av

ai
la
bl
e
fo
r
im

ag
in
g
fo
ll
o
w
-u
p
.

y D
o
es

n
o
t
in
cl
u
d
e
d
at
a
fr
o
m

S
án

ch
ez

M
ár
q
u
ez

et
al
.3
1
o
r
A
n
tu
ñ
a
et

al
.2
5

4 R. J. WARTH ET AL.
matrix [PRFM] v liquid-based PRPs). Subgroup meta-
analyses were performed using Constant scores only,
because this measure was most consistently reported
(8 studies).21,25-31

The concept of statistical power was explored using
global variability estimates of Constant, ASES, and
SST scores and sample sizes specific to each included
study.32,33 A minimum effect size able to be detected
with 80% power was calculated for the observed sample
size (sensitivity power analysis) and placed in the
context of published minimum clinically important dif-
ference (MCID) estimates32-35 and the small, medium,
and large effect size guidelines described by Cohen.36

Structural Outcomes. Meta-analyses were performed to
statistically compare the PRPþ and PRP� treatment
groups regarding the overall relative risk ratio of a
retear developing.24 Subgroup meta-analyses were also
performed to compare the overall effect of PRP
treatment on the relative risk of sustaining a retear
using the same 6 covariates as outlined earlier. A
relative risk ratio of greater than 1.0 indicated an
increased risk of sustaining a retear in the PRPþ
group, whereas a relative risk ratio of less than 1.0
indicated an increased risk of sustaining a retear in
the PRP� group.

Statistical Analyses
A random effects model, estimated using the

DerSimonian-Laird method,37 was chosen to combine
the treatment effects of PRPs on clinical outcome scores
and retear rates from each study. Leave-one-out ana-
lyses were performed to assess the sensitivity of results
to each individual study. Meta-regression was per-
formed to evaluate the effect of various characteristics
of the included studies and their methods, including
level of evidence, initial tear size, repair technique, PRP
preparation, PRP application, and PRP consistency.
Estimates of homogeneity quantities s2, Q, and I2 are
provided along with heterogeneity P values,38 although
these estimates were not used to direct our modeling
decisions. Power calculations were performed using
G*Power 3,39 and all quantitative synthesis calculations
were performed using the software OpenMeta[Analyst]
for Windows.40 Heterogeneity of P < .10 was consid-
ered statistically significant. In all other cases, statistical
significance was defined for P � .05.

Results

Study Selection
A flow diagram outlining the process for study se-

lection is presented in Figure 1. A literature search of
the PubMed and EMBASE databases revealed a total
of 113 unique records after the removal of duplicates.
After the screening of titles and abstracts, 101 records
were eliminated, leaving a total of 12 full-text articles



Table 2. Summary of Distinctive Study Characteristics and Relevant Findings

Distinctive Study Characteristics

Authors Population Differences Outcomes Measured Relevant Findings

Castricini et al.26 Included any full-thickness tear Subjective: Constant
Imaging: MRI at 16 mo

No difference in Constant scores between groups
No difference in retear rates between groups

Randelli et al.21 Included any full-thickness tear
Excluded smokers,

steroid injections

Subjective: Constant,
UCLA, SST

Imaging: MRI/MRA/US
at 12 mo

Significant improvement in Constant,
UCLA, and SST in PRPþ group at 3 mo
postoperatively

No difference in outcomes at final follow-up
Gumina et al.27 Included only large tears

Excluded partial tears,
massive tears, traumatic tears,
subscapularis tears, osteoarthritis

Subjective: Constant, SST
Imaging: MRI at 12 mo

Significantly increased Constant score
in PRPþ group, but no difference in change
from pre- to postoperatively

Weber et al.43 Included any arthroscopic
rotator cuff repair

Subjective: ASES, UCLA,
SST, VAS

Imaging: MRI at 12
mo ROM

No difference in outcome scores or
ROM between groups

No difference in retear rates between groups

Antuña et al.25 Included only repairable large
tears (>5 cm)

Subjective: Constant,
DASH, VAS

Imaging: MRA at 12 mo

No difference in outcome scores
4 patients in PRPþ group had worsened
outcomes between 12- and 24 mo follow-up

Jo et al.29 Included only large tears
(>3 cm sagittal length)

Included 4 partial repairs

Subjective: ASES, UCLA,
Constant, SST, DASH, SPADI

Imaging: MRI or CTA
at 9 mo

PRPþ group had significantly decreased retear rates
No difference in satisfaction between groups
No difference in outcome scores

between groups
Ruiz-Moneo et al.42 Included tendon retraction

and fatty infiltration, smokers
Subjective: UCLA
Imaging: MRA at 12 mo

No difference in UCLA scores between groups
No difference in retear rates between groups

Malavolta et al.30 Included only tears < 3 cm in
sagittal length

Subjective: Constant, UCLA
Imaging: MRI at 3, 6,

and 12 mo

No differences in Constant or UCLA
scores between groups

No difference in retear rates between groups
Sánchez Márquez

et al.31
Included only repairable

large tears (>5 cm)
Excluded subscapularis tears

Subjective: Constant
Imaging: MRA at 12 mo

No difference in Constant scores between groups
No difference in retear rates between groups

Jo et al.28 Included all repairable full-
thickness tears

Subjective: ASES, UCLA,
Constant, SST, DASH, SPADI

Imaging: MRI at 9 mo

ASES, Constant, and SPADI scores significantly
increased in PRPe group 3 mo postoperatively

No difference in clinical outcomes at
final follow-up

Rodeo et al.41 Included full-thickness tears,
age > 40 yr

Subjective: ASES, L’Insalata
Imaging: US at 12 wk

No difference in outcome scores between groups
No difference in retear rates between groups

ASES, American Shoulder and Elbow Surgeons; CTA, computed tomographic arthrography; DASH, Disabilities of the Arm, Shoulder, and
Hand; MRA, magnetic resonance arthrography; MRI, magnetic resonance imaging; ROM, range of motion; SPADI, Shoulder Pain and Disability
Index; SST, Simple Shoulder Test; UCLA, University of California Los Angeles; US, ultrasonography; VAS, visual analog scale.
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that were reviewed. Three of these studies were
excluded, leaving a total of 9 included studies.21,25-29,41-43

Manual text and reference list searches revealed 2
additional studies that were also included.30,31 There-
fore, a total of 11 studies were included in this review,
and a maximum of 8 studies were used for each
meta-analysis according to data availability. Query of
major orthopaedic journals and a repeated search at the
end of the study period did not produce any other
relevant studies.

Study Characteristics
Table 1 summarizes the individual study characteris-

tics. Table 2 highlights the distinctive characteristics of
each study, including their relevant findings. Table 3
outlines the methods of PRP preparation, rotator cuff
repair techniques, and rehabilitation protocols used in
each study. Regarding complications and treatment
failures, Randelli et al.21 reported that one patient in
the PRP� group underwent revision rotator cuff repair
26 months after the index surgery. Castricini et al.26

reported 3 cases of shoulder stiffness (2 in the PRPþ
group, 1 in the PRP� group) that resolved with sub-
sequent physical therapy. In addition, Malavolta et al.30

reported 2 cases of shoulder stiffness (one in the PRPþ
group and one in the PRP� group) that were treated
nonoperatively. Six of the 11 studies reported no com-
plications or treatment failures,27,28,31,41-43 whereas 2 of
the 11 studies did not report rates of complications or
treatment failures.25,29

Risk of Bias Assessment
Figure 2 summarizes the results of the risk of bias

evaluation for each study. The risk of biaswas found to be
high for 5 of 11 studies (45.5%) regarding randomization
procedures (selection bias)26-28,41,43 and for 7 of 11
(63.6%) studies regarding performance bias.21,25,27-29,31

In 6 of 11 studies (54.5%), the completeness of the



Table 3. Summary of PRP Preparation Protocols, Surgical Techniques, and Rehabilitation Procedures

Surgical Treatment and Rehabilitation Protocols

PRP Preparation Protocol Rotator Cuff Repair Technique Rehabilitation Protocol

Castricini et al.26 9 mL blood drawn, mixed with anticoagulant
and separator gel, centrifuged for
6 min at 1,100 rpm

Supernatant mixed with calcium chloride in
Wheaton bottle, centrifuged again at
4,500 RCF for 25 min

PRFM formed at bottom of container
PRFM inserted between tendon and footprint

Double-row repair using 1 metal anchor
medially (mattress configuration with
nonsliding knot) and 2 anchors laterally
tied using sliding knot with 3 alternating
half-hitches

Shoulders immobilized in abduction for 3 wk
Pendulum exercises allowed immediately

postoperatively
Passive ROM and active-assisted ROM for FF

and ER at 3 wk
Rotator cuff and periscapular strengthening

at 6 wk
Return to light activity at 3 mo, full activity

at 6 mo
Randelli et al.21 54 mL of blood drawn, mixed with 6 mL

anticoagulant and centrifuged for 15 min at 3,200 rpm
PRP isolated from floating buoy
PRP mixed with concentrated fibrinogen

and thrombin that was obtained
using other procedures

PRP injected into dry subacromial space between
the repaired tendon and footprint

Single-row repair using 5.0- and
6.5-mm absorbable anchors

Acromioplasty performed in all cases

Continuous sling use for 10 d
Passive-assisted ROM begun after 10 d
Active-assisted ROM at 30 d
Strengthening exercises begun at 2 mo

Gumina et al.27 10 mL blood drawn and centrifuged
at 20 g for 10 min

Supernatant mixed with calcium gluconate
and an anticoagulant and centrifuged
at >1,500 g for 20-30 min

PRFM inserted at tendon-bone interface
(one gel per anchor)

Single-row technique using preloaded
5.0-mm titanium anchors

Internal rotation sling
Passive range of motion for first wk
Sling removed at 4 wk, active-assisted ROM begun
Full active motion allowed at 6-8 wk
Strengthening at 15 wk

Weber et al.43 Used commercially available PRP preparation system
PRFM inserted at tendon-bone interface

Standard single-row repair with suture
anchors in all patients

Protocol not specified

Antuña et al.25 Used commercially available PRP preparation system
120 mL blood drawn
6 mL of resulting PRP applied directly over
“repair site”

Single-row technique in all patients Shoulder immobilized in abduction for 6 wk
“Standard” rehabilitation program thereafter

Jo et al.29 Used platelet pheresis system with leukoreduction set
Used 90-min double-needle procedure for

blood collection
PRP collection occurred 1 d before surgery
Calcium gluconate was added to the PRP 1 hr

before surgery to form a gel that could be
easily implanted

PRP interposed between tendon and bone
(3 gels per shoulder)

Double-row repair using suture bridge
technique

Acromioplasty rarely performed
Used tendon mobilization procedures:
CH ligament release, superior capsulotomy,
tendon medialization

Shoulders immobilized in abduction for 4-6 wk
Passive ROM and Active assisted ROM begun

after 4-6 wk
Strengthening at 3 mo
Return to sports between 6 and 9 mo

(continued)
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Table 3. Continued

Surgical Treatment and Rehabilitation Protocols

PRP Preparation Protocol Rotator Cuff Repair Technique Rehabilitation Protocol

Ruiz-Moneo et al.42 18-27 mL blood drawn, mixed with citrate,
and centrifuged at 460 g for 8 min

Leukoreduction with supernatant collected
and mixed with calcium chloride

PRP injected into tendon after repair and,
after fluid evacuation from subacromial space,
“spread widely” over the top of the
repaired tendon

Double-row suture bridge technique
using 5.5-mm anchors

Acromioplasty performed when
considered necessary

Protocol not specified

Malavolta et al.30 Used commercially available PRP preparation system
400 mL of blood was drawn to obtain
approximately 30 mL of PRP

Autologous thrombin used for platelet activation
PRP injected percutaneously at tendon-bone

interface between anterior and lateral portals

Single-row technique in all patients
Acromioplasty performed in all patients
Biceps tenodesis incorporated into rotator
cuff repair constructs

Sling immobilization for 6 wk
Passive ROM began after 3 wk
Active and active-assisted ROM begun after 6 wk
Strengthening begun after approximately 12 wk

Sánchez Márquez
et al.31

Used commercially available PRP preparation system
120 mL blood drawn

7 mL of resulting PRP applied directly over “repair site”

Single-row technique using a mean of 3
double-loaded suture anchors
(range, 2-5)

Immobilization in standard sling for 6 wk
Strengthening delayed until 12 wk

Jo et al.28 Used platelet pheresis system with leukoreduction set
Used 90-min double-needle procedure for blood collection
PRP collection occurred 1 d before surgery
Calcium gluconate was added to the PRP 1 hr

before surgery to form a gel that could be easily implanted
PRP interposed between tendon and bone

Double-row repair
Acromioplasty rarely performed

Shoulders immobilized in abduction for 4-6 wk
Passive ROM and active-assisted ROM begun

after 4-6 wk
Strengthening at 3 mo
Return to sports between 6 and 9 mo

Rodeo et al.41 9 mL of blood drawn, used commercially
available PRP preparation system

Details not specified

Single-row, double-row, and transosseous
equivalent repairs (reported no difference
in construct type between PRPþ and
PRPe groups)

Acromioplasty routinely performed

Sling not specified, passive motion only until 6
wk postoperatively

Active-assisted ROM within the plane of
the scapula for 6 wk progressing to active
elevation

Rotator cuff and periscapular strengthening
at 12 wk

Home exercise program begun between
16 and 20 wk

CH, ---; ER, external rotation; FF, forward flexion; PRFM, platelet-rich fibrin matrix; RCF, relative centrifugal force; ROM, range of motion.
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Fig 2. Results of risk of bias evaluation for each study according to the recommendations of the Cochrane Collaboration.23

8 R. J. WARTH ET AL.
reported data was unclear because of the lack of either a
Consolidated Standards of Reporting Trials statement or
intention-to-treat analysis.21,25,27,31,42,43 The likelihood
of publication bias was found to be low for Constant
scores and high for retear rates based on visual exami-
nation of funnel plots (Appendix A, available at www.
arthroscopyjournal.org).

Clinical Outcomes
Figure 3 summarizes the results of the meta-

analyses regarding overall clinical outcome scores.
Each study found significant improvements in
outcome scores when compared with preoperative
baseline values. With the exception of postoperative
SST scores, there were no statistically significant dif-
ferences in pre- or postoperative outcome scores be-
tween the PRPþ and PRP� treatment groups (P >
.05). There were also no statistically significant dif-
ferences in the gain in outcome scores between PRPþ
and PRP� treatment groups. Leave-one-out analyses
revealed that exclusion of any single study would not
result in a categorically different statistical conclusion
(i.e., change from P > .05 to P < .05) regarding the
overall effect of PRP treatment for any of the 5
outcome measures.
Figure 4 summarizes the results of subgroup meta-

analyses for Constant scores across the 6 analyzed
covariates (Appendices B1 and B2 [available at www.
arthroscopyjournal.org] for full meta-regression data
set for Constant scores). PRP treatment by injection
over the surface of the repaired tendon showed a
significantly decreased gain in the Constant score when
compared with PRP treatment through application at
the tendon-bone interface (�6.88 points v þ0.78
points, respectively; P ¼ .046).
Figure 5 illustrates the recovery paths of both Constant

and UCLA scores at 3-, 6-, and 12-month intervals. There
were no statistically significant differences in Constant or
UCLA scores between the PRPþ and PRP� treatment
groups at any point along their respective recovery paths
(P > .05). These data suggest that functional improve-
ment may not be accelerated by PRP application in
arthroscopic repair of full-thickness rotator cuff tears.
Figure 6 illustrates the results of sensitivity power

analysis of each included study. In general, the sample
sizes of the included studies were only powered to
detect large differences in outcome scores between
treatment groups. Castricini et al.26 had the largest
enrollment among studies in the analysis and was the
only study with at least 80% power to detect the pre-
viously reported MCID for Constant scores between
PRPþ and PRP� treatment groups. For ASES scores,
Rodeo et al.,41 and both studies by Jo et al.28,29 were
powered to detect a difference in ASES scores within
the range of MCIDs reported by Tashjian et al.33 None
of the studies that reported SST scores were powered to
detect a difference smaller than the reported MCID for
SST scores.

http://www.arthroscopyjournal.org
http://www.arthroscopyjournal.org
http://www.arthroscopyjournal.org
http://www.arthroscopyjournal.org


Fig 3. Meta-analyses and leave-one-out analyses for outcomes scores after a minimum 12-month follow-up period.
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Structural Outcomes
The results of the meta-analyses regarding struc-

tural outcomes are presented in Figure 7. Overall,
there were no statistically significant differences in
retear rates between the PRPþ and PRP� treatment
groups; however, after exclusion of data from Antuña
et al.25 (by leave-one-out analysis), a statistically sig-
nificant increase in the relative risk of a retear
developing was found in the PRP� group (P ¼ .05).
Meta-regression showed that the overall effect of
PRP treatment on retear rates was not significantly
different among the 6 previously mentioned



Fig 4. Subgroup meta-regression highlighting the effects of the 6 covariates on preoperative, postoperative, and gain in
Constant scores.
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covariates (Fig 8; Appendices C1 and C2 [available at
www.arthroscopyjournal.org] for full meta-regression
data set for retear rates). Among initial tear sizes
greater than 3 cm in anterior-posterior length, the
PRPþ group exhibited a larger retear reduction effect
after double-row repairs when compared with the
PRP� group (25.9% v 57.1%, respectively; P ¼ .046)
and for PRFM when compared with liquid-based PRPs
(14.8% v 46.8%, respectively; P ¼ .054 [Appendices C1
and C2, available at www.arthroscopyjournal.org]).

Discussion
The results of these meta-analyses partially confirmed

our hypothesis that there would be no statistically sig-
nificant differences in clinical or structural outcomes
Randelli et al.
Malavolta et al.

Jo et al.
Combined
Randelli et al.
Malavolta et al.

Jo et al.
Combined
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between PRPþ and PRP� treatment groups. Although
there were no overall differences in outcome scores
or retear rates, meta-regression indicated that the
overall gain in the Constant score was significantly
increased when PRPs were placed at the tendon-bone
interface rather than over the surface of the repaired
tendon (P ¼ .046). In the PRPþ group, those with
cuff tears greater than 3 cm in anterior-posterior length
that were repaired using a double-row technique
showed a statistically significant reduction in retear
rates when compared with the rest of the study popu-
lation (P ¼ .046). Retear rates were also decreased
when PRFMs (as opposed to liquid-based PRPs) were
used to supplement the repairs (P ¼ .054); however,
this result did not reach statistical significance.
Randelli et al.
Malavolta et al.

Jo et al.
Combined
Randelli et al.
Malavolta et al.

Jo et al.
Combined
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Fig 5. Recovery paths of Constant
and University of California Los
Angeles (UCLA) scores up to
12 months postoperatively.
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Fig 6. Plots showing the relation of
sample size and effect size able to be
detected with 80% power in the 3
clinical outcome scores given global
standard deviation estimates.32,33

Data points represent the smallest
difference in outcomes gain scores
between the PRPþ and PRP� groups
that could be detected with 80% po-
wer given the sample sizes reported in
each study. Solid lines represent
minimum clinically important differ-
ence (MCID) estimates found in the
literature.32,33 Moving from low to
high, dashed lines indicate small,
medium, and large effect sizes as
described by Cohen.36 (ASES, Amer-
ican Shoulder and Elbow Surgeons;
SST, Simple Shoulder Test.)
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In this study, a random-effects model was chosen
because standard diagnostic tests showed evidence of
heterogeneity for the calculations combining relatively
many studies and are known to be substantially un-
derpowered when combining several studies only44;
there were also considerable differences in experimental
methodology, the potential for biases, and sample
demographics among the included studies, and
random-effects models allow for better generalizability
of conclusions when extrapolating to different sur-
geons, surgical techniques, and patient populations.45
Fig 7. Meta-analyses and leave-one-out analyses of overall re-te
final follow-up.
It was also critical to recognize and address several
important confounding factors that may have influ-
enced our overall results:

1. The inclusion of Level II studies in a meta-analysis
has been purported to increase the potential
for various biases, which may produce skewed
results.46

2. As shown by Carbonel et al.47 and Park et al.,48

initial tear size may play a role in postoperative
outcome scores after minimum 2-year follow-up.
ar rates and relative risk ratios of sustaining a retear before



Fig 8. Subgroup meta-regression highlighting the overall effects of the 6 covariates on the relative risk of retears between the
PRPþ and PRPe treatment groups.
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3. Single- versus double-row repair constructs may
also have an impact on clinical outcomes; how-
ever, a recent meta-analysis of Level I randomized
trials comparing single- versus double-row rotator
cuff repair revealed no differences in clinical out-
comes after a mean 23.2-month follow-up period.2

4. Many of the studies in this review also reported
varying PRP preparation protocols that may have
produced PRP solutions with widely variable
platelet concentrations, biochemical activation
cascades, and leukocyte concentrations.49-55

5. Some investigators manually prepared the PRP
using basic centrifugation devices,21,26,27,42

whereas others used commercially available PRP
preparation systems,25,28-31,41,43 which have been
theorized to produce more consistent results.54,55

6. The method of PRP application to the repaired
tendon also varied across each study. Some in-
vestigators injected the final liquid-based PRP into
the arthroscopic working portal after rotator cuff
repair and evacuation of subacromial fluid,25,31,42

whereas others strategically placed the PRP liquid
(or gel) at the tendon-bone interface where
healing occurs.21,26-30,43

To account for these potentially confounding variables,
we performed meta-regression analyses to evaluate the
effect of each of the 6 mentioned covariates on overall
clinical and structural outcomes after rotator cuff repair
with or without PRP augmentation. Injection of a PRP
liquid over the previously repaired tendon produced a
significant decrease in the overall gain in Constant scores
when compared with those in which PRP was inserted at
the tendon-bone interface. These data suggest that the
effectof PRPsonclinical outcomesmaybeoptimizedwhen
applied directly to the site at which healing is desired;
however, it should be noted that a statistically significant
difference does not necessarily indicate clinical relevance.
In accordance with the claims of others,56-58 Randelli

et al.21 found that PRPs may accelerate functional re-
covery. Although there were no differences in outcome
scores after 6-, 12-, or 24-month follow-up periods in
their study, Randelli et al.21 found statistically signifi-
cant improvements in Constant, UCLA, and SST scores
in the PRPþ group after a 3-month follow-up period
when compared with the PRP� group. To test the
theory of accelerated recovery, we also evaluated
Constant and UCLA scores after 3-, 6-, and 12-month
follow-up periods through meta-analysis. Ultimately,
we found no statistically significant differences in
Constant or UCLA scores at any of these time intervals
throughout the recovery paths of each treatment group.
Despite the statistically significant decrease in retear

rates in the PRPþ group shown by Jo et al.,29 meta-
analysis of data from 10 studies and 530 shoulders
(Rodeo et al.41 excluded because of short follow-up)
revealed no differences in retear rates after a mean
11.8-month imaging follow-up period. Similar to our
analysis of clinical outcomes, we performed a subgroup
meta-regression for each of the 6 previously mentioned
covariates. None of the covariates resulted in a signifi-
cant change in the overall effect of PRP treatment on
retear rates; however, initial tear sizes, repair
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techniques, and PRP consistency may have had sub-
stantial individual effects on retear rates.

Limitations
There are several additional limitations to this study that

should be considered. First, the potential for selection bias,
performance bias, detection bias, attrition bias, and
reporting bias is expected with any meta-analysis.
Therefore, we conducted a thorough risk of bias assess-
ment and presented the results in Figure 2 to aid in data
interpretation. Second, we were unable to perform a
meta-analysis on the effects of other potential con-
founders (such as the volume of whole blood used, the
inclusion or exclusion of leukocytes, and the use or
nonuseof thrombin for platelet activation) because of lack
of reporting. Third, the Constant score has not been spe-
cifically validated for use in rotator cuff disease; however,
its use has been widely reported in the literature.

Conclusions
There were no statistically significant differences in

overall gain in outcome scores or retear rates between
treatment groups. Gain in Constant scores were signif-
icantly increased when PRPs were applied at the
tendon-bone interface when compared with applica-
tion over the top of the repaired tendon. Retear rates
were significantly decreased when PRPs were used for
the treatment of tears greater than 3 cm in anterior-
posterior length using a double-row technique. Most
of the included studies were only powered to detect
large differences in outcome scores between treatment
groups. In addition, an increased risk for selection,
performance, and attrition biases was found.
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