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Platelet-Rich Plasma for
Arthroscopic Repair of Medium
to Large Rotator Cuff Tears

A Randomized Controlled Trial

Chris Hyunchul Jo,*y MD, Ji Sun Shin,y BS, Won Hyoung Shin,y MD, Seung Yeon Lee,y MS,
Kang Sup Yoon,y MD, and Sue Shin,z MD
Investigation performed at SMG-SNU Boramae Medical Center,
Seoul National University College of Medicine, Seoul, Korea

Background: Two main questions about the use of platelet-rich plasma (PRP) for regeneration purposes are its effect on the
speed of healing and the quality of healing. Despite recent numerous studies, evidence is still lacking in this area, especially in
a representative patient population with medium to large rotator cuff tears.

Purpose: To assess the efficacy of PRP augmentation on the speed and quality of healing in patients undergoing arthroscopic
repair for medium to large rotator cuff tears.

Study Design: Randomized controlled trial; Level of evidence, 1.

Methods: A total of 74 patients scheduled for arthroscopic repair of medium to large rotator cuff tears were randomly assigned to
undergo either PRP-augmented repair (PRP group) or conventional repair (conventional group). In the PRP group, 3 PRP gels (3 3

3 mL) were applied to each patient between the torn end and the greater tuberosity. The primary outcome was the Constant score
at 3 months after surgery. Secondary outcome measures included the visual analog scale (VAS) for pain, range of motion (ROM),
muscle strength, overall satisfaction and function, functional scores, retear rate, and change in the cross-sectional area (CSA) of
the supraspinatus muscle.

Results: There was no difference between the 2 groups in the Constant score at 3 months (P . .05). The 2 groups had similar
results on the VAS for pain, ROM, muscle strength, overall satisfaction and function, and other functional scores (all P . .05)
except for the VAS for worst pain (P = .043). The retear rate of the PRP group (3.0%) was significantly lower than that of the con-
ventional group (20.0%) (P = .032). The change in 1-year postoperative and immediately postoperative CSAs was significantly
different between the 2 groups: –36.76 6 45.31 mm2 in the PRP group versus 267.47 6 47.26 mm2 in the conventional group
(P = .014).

Conclusion: Compared with repairs without PRP augmentation, the current PRP preparation and application methods for
medium to large rotator cuff repairs significantly improved the quality, as evidenced by a decreased retear rate and increased
CSA of the supraspinatus, but not the speed of healing. However, further studies may be needed to investigate the effects of
PRP on the speed of healing without risking the quality.

Keywords: platelet-rich plasma; medium to large rotator cuff tear; rotator cuff repair; biological augmentation; retear; integrity

Despite a recent surge of studies about platelet-rich
plasma (PRP) in rotator cuff repair, outcomes and mecha-
nisms of PRP should be further elucidated. In contrast to
positive potentials of PRP reported in basic research liter-
ature,9,12,16,20,30 clinical outcomes have been reported as
better,2,14,23,37 not different,1,5,6,11,19,31,43 or even worse.3,38

One important reason for these controversies is the

difference in PRPs used in different studies. It includes
variation of the concentration, activation, and method of
application.23 It is not practical to standardize the prepara-
tion and application of PRP in daily routine practice. How-
ever, at least in clinical research, efforts to standardize the
process and to provide adequate information that could
characterize PRP should be attempted. Another crucial
reason is that we still might not identify the proper popu-
lation of patients who could benefit from PRP. Only a few
studies with higher levels of evidence enrolled patients
with certain characteristics such as tear size.1,6,23 Another
possible reason is that many previous studies tend to
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observe general outcomes of PRP application rather than
trying to find specific effects. The main concept behind
the usage of PRP in rotator cuff repair is that it is likely
to accelerate the speed of healing at early time points
and to improve the quality of healing over time.

Therefore, we tried to evaluate 2 main potentials of PRP
on healing after rotator cuff repair: (1) whether it could
accelerate the speed of healing measured by the Constant
score at 3 months and (2) whether it could improve the
quality of healing with assessment of the retear rate at
12 months after repair. We defined eligible patients as
those with a medium to large tear because they are the
majority of patients undergoing rotator cuff repair and
we could avoid potential selection and performance biases
that might be encountered if we enrolled patients with
a small or massive tear. We adopted a fully automated pla-
teletpheresis system for preparation and calcium-activated
gels for the application of PRP to maintain consistency and
reproducibility.18

The purpose of the study was to assess the efficacy of
PRP on the speed and quality of healing in patients under-
going arthroscopic repair of medium to large rotator cuff
tears. Our hypothesis was that PRP would enhance the
speed and quality of healing in this population.

METHODS

Patient Enrollment

This study was a randomized controlled trial in a university
hospital enrolling patients with a medium to large rotator
cuff tear undergoing arthroscopic rotator cuff repair. The
study was approved by our hospital’s institutional review
board and registered at clinicaltrials.gov (NCT01458665).
Patients between 45 and 85 years of age were eligible if
they had a medium to large rotator cuff tear (anteroposterior
size .10 mm and �50 mm) as determined by a clinical exam-
ination and magnetic resonance imaging (MRI) before sur-
gery. Patients were excluded if they had a history of
shoulder surgery, had acute trauma, had a chronic dislocation
or pyogenic infection, had rotator cuff arthropathy with gleno-
humeral osteoarthritis and superior migration of the humeral
head, showed abnormal serological test results or thrombocy-
topenia (\15,000 platelets/mL), had taken anti-platelet medi-
cation, had psychiatric problems that precluded informed
consent or an inability to read or write, and had other serious
issues that precluded participation in the study.

Enrolled patients were randomly allocated in a 1:1
ratio, with block sizes of 4 and 6 using the randomization
sequence created with SAS 9.1 statistical software (SAS
Institute Inc) to undergo either conventional arthroscopic

rotator cuff repair (conventional group) or arthroscopic
rotator cuff repair with PRP (PRP group). PRP was pre-
pared in patients in the PRP group 1 day before surgery.
The patients were not blinded and the patients in the con-
ventional group did not have blood drawn.

As confirmative determination of the tear size was con-
ducted during surgery, some patients were identified to
have a small or massive tear or were only to be treated
with partial repair because of irreparability. These
patients were also excluded from the per-protocol analysis
of the occurrence of retears but were included in the inten-
tion-to-treat analysis of the other outcome measures.

Preparation of PRP

PRP was prepared using a plateletpheresis system with a leu-
koreduction set (COBE Spectra LRS Turbo; Caridian BCT)
and a standard collection program 1 day before surgery as
previously described.19,23 An aliquot was used for determin-
ing complete blood counts with a fully automated analyzer
(XE-2100; Sysmex Corp), and the concentration of fibrinogen
was determined using an automated coagulation analyzer
(CA-7000; Sysmex Corp). The activation status of platelets
was also determined using flow cytometry with CD61 and
CD62P in 3 patients.15 For PRP application in rotator cuff
repair, platelet counts in PRP were adjusted with saline to
1000 3 103 platelets/mL. To produce a gel from prepared
PRP, 0.3 mL of 10% calcium gluconate was added to 3 mL
of PRP. The dilution and gelling procedure was performed
within 1 hour of surgical application.

Surgical Procedures and PRP Application

All arthroscopic surgeries were performed with patients in
the lateral decubitus position under general anesthesia as
previously described.19,24 Briefly, systematic glenohumeral
joint and subacromial exploration was performed, and
lesions were managed as necessary. In each case, after the
frayed and atrophied torn end was removed, the rotator
cuff tear was carefully evaluated, and anteroposterior size,
mediolateral retraction, number of involved tendons, visual
tendon grade,24 excursion, and presence of the subscapula-
ris tear were documented.35 If excursion of the torn end
was inadequate, tendon mobilization procedures including
superior capsulotomy, coracohumeral ligament release,
and medialization of the supraspinatus insertion in the
greater tuberosity were performed. Anterior or posterior
interval slide was not performed in any patient. The foot-
print of the greater tuberosity was debrided, and only a min-
imal layer of cortical bone was removed. Debridement of
bursal tissue and subacromial and distal clavicle
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osteophytes was minimally performed. Extensive acromio-
plasty to flatten a hooked or curved acromion was rarely
performed.

Rotator cuff repair was performed to cover the original
footprint using a suture bridge technique whenever possi-
ble. Suture anchors were inserted through the accessory
portal. Generally, 3 to 5 suture anchors were used: 1 or 2
anchors for the medial row and 2 or 3 anchors for the lat-
eral row. Medial-row anchors were inserted first just lat-
eral to the articular surface of the humeral head, and
sutures were then threaded through the rotator cuff. After
the medial-row sutures were threaded, the 3 PRP gels per
patient were applied as previously described.18,19 Briefly,
a No. 1 PDS II suture (Ethicon) was threaded to the poste-
rior portion of the tear near the footprint of the rotator cuff.
One end of the suture was then retrieved through an
8.0-mm cannula in the lateral portal and then through
a long 5.5-mm cannula without a diaphragm. Three PRP
gels were threaded to the suture per patient and intro-
duced into the long 5.5-mm cannula. With a knot pusher
threaded to the suture to back up the PRP gels, the
5.5-mm cannula was introduced into the 8.0-mm cannula,
which was aimed at the repair site. As the 5.5-mm cannula
reached the repair site, the PRP gels were placed into the
site by pulling the suture end in the posterior cannula and
by pushing the knot pusher. After the PRP gels were out of
the 5.5-mm cannula, the knot pusher was then quickly
removed. While the surgeon blocked the outer opening of
the 5.5-mm cannula with a finger, a suture retriever was
introduced via the anterior portal. The suture was then
seized and retrieved through the anterior portal, and the
5.5-mm cannula was removed. With the PRP gels in place,
medial-row sutures were tied using the SP knot if neces-
sary.25 The lateral row was then secured using suture
anchors, and the PRP gels were interposed at the tendon-
bone interface. After repair, greater tuberosity coverage
of the repaired tendon was measured to evaluate the repair
status as previously described.24

Postoperative Protocol

The shoulder was immobilized for 4 weeks using an abduc-
tion brace. Shrugging, protraction, and retraction of shoul-
der girdles; intermittent exercise of the elbow, wrist, and
hand; and external rotation of the arm to neutral with the
brace were encouraged as tolerated, usually immediately
after surgery. Further passive range of motion (ROM) and
active assisted ROM exercises were allowed after the
patient was gradually weaned off the abduction brace
from 4 to 6 weeks after surgery. Patients began strengthen-
ing exercises after 3 months. Light sports activities, such as
jogging, were allowed after 3 months, and full return to
sports was allowed after 6 to 9 months according to individ-
ual recovery.

Outcome Assessments

The primary outcome measure was the Constant score at 3
months after surgery. The secondary outcome measure

includes a variety of clinical and structural outcomes. For
the clinical evaluation, each patient completed a question-
naire that consisted of standardized outcome assessments
at baseline and at 3, 6, and finally a minimum of 12 months
after surgery. Clinical outcomes were assessed according to
(1) pain, (2) ROM, (3) muscle strength, (4) overall satisfac-
tion and function, and (5) functional scores. A visual analog
scale (VAS) was used to evaluate pain at rest, during
motion, and at night. Patients were asked to use a 10-cm
scale marked from ‘‘no pain’’ (0) to ‘‘unbearable pain’’
(10). Mean pain scores were calculated and compared. In
addition, a score for the worst pain was also recorded.
ROM was measured with a goniometer in active forward
flexion, abduction, external rotation with the arm at the
side, and internal rotation. Internal rotation was measured
using vertebral levels, and these were translated into num-
bers from 1 for the buttocks to 17 for T2. The strength of
the supraspinatus, infraspinatus, and subscapularis
muscles was measured using a handheld electronic scale
(CHS; CAS Corp). To evaluate overall satisfaction and
function, 5 questions were asked, with answers of ‘‘yes’’
or ‘‘no’’ to the following: (1) their willingness to undergo
surgery again, (2) whether they were prepared to recom-
mend surgery to another, and (3) whether they were able
to work as they did before getting sick. Using a 10-cm
scale, we also evaluated (4) overall function and satisfac-
tion marked from ‘‘I cannot use it’’ to ‘‘I feel normal’’ for
function (the single assessment numeric evaluation
[SANE]) and (5) overall satisfaction from ‘‘never satisfied’’
to ‘‘very satisfied.’’ The functional scoring systems used
were the American Shoulder and Elbow Surgeons (ASES)
score, the Constant score, the University of California,
Los Angeles (UCLA) score, the Simple Shoulder Test
(SST), and the Shoulder Pain and Disability Index
(SPADI). Structural outcomes included the retear rate
and change in the cross-sectional area (CSA) of the supra-
spinatus muscle.21,22 The retear rate was measured using
MRI. To evaluate the structural integrity, MRI (Achieva
3.0-T; Philips Medical Systems) with a dedicated shoulder
coil was performed at a minimum of 9 months after sur-
gery. Retears were evaluated using the Sugaya classifica-
tion for patients with MRI.39 According to the Sugaya
classification, types I, II, and III were considered as healed,
and types IV and V were considered as retears. All scans
were first reviewed blinded by a fellowship-trained muscu-
loskeletal radiologist and then by an orthopaedic surgeon.
When there was a discrepancy in readings, integrity was
graded as the worse option. The change in the CSA of
the supraspinatus was calculated by subtracting measures
of the 2 different time points.21,22,44

Statistical Analysis

To determine the study sample size, an a priori power anal-
ysis was performed to provide a statistical power of 80% at
an a level of .05. With previous data,24,26,29 a sample size of
37 patients per group was determined to be sufficient to
detect a 20% or 10-point difference in the Constant score
between the groups at 3 months after surgery, assuming
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an SD of 13.3 and a 20% probability of data loss. Outcome
measures except for the retear rate were analyzed based on
the intention-to-treat population. Missing data of the
patients who dropped out of the study were imputed with
the last observation carried forward method. Nominal
and ordinal values were compared using the Pearson x2

test. The demographic values, overall satisfaction, and
change in the CSA were compared using the independent
t test. The values of VAS, ROM, strength, functional
scores, and overall function were analyzed using analysis
of covariance and adjusted for preoperative values. Analy-
sis was performed using SPSS version 13.0 (SPSS Inc), and
the significance level was set at P = .05 throughout.

RESULTS

Patients

Between October 2011 and January 2013, 118 patients
were screened for eligibility; 98 were eligible, and 74
patients were randomized and underwent arthroscopic
rotator cuff repair either with or without PRP (Figure 1).
One patient in the PRP group failed plateletpheresis and
underwent rotator cuff repair without PRP. All the partic-
ipants completed 12 months of follow-up. Postoperative
MRI at a minimum of 9 months after surgery for assessing
retears was performed in 63 of 74 patients in the study
(85.1%): 33 patients (89.2%) in the PRP group and 30
patients (81.1%) in the conventional group. Meanwhile,
preoperative, immediately operative, and 1-year postoper-
ative MRI scans to assess the change in the CSA were
obtained in 31 patients (83.8%) in the PRP group and in
27 patients (73.0%) in the conventional group (as described
in Table 5).

There were no significant differences in baseline patient
characteristics of demographics, tear size, representative
operative findings and procedures, status of rotator cuff
muscles, and follow-up between the 2 groups (Table 1).

Characteristics of PRP Application

The characteristics of PRP application are described with
the classification of concentration, activation, and method
of application (Table 2). The mean platelet count increased
from 172.71 6 42.09 3 103 platelets/mL in whole blood to
1218.40 6 334.69 3 103 platelets/mL in PRP, a 7.1-fold
increase from baseline (P \ .001). The mean white and
red blood cell count changed from 4.78 6 1.78 3 103

cells/mL to 0.04 6 0.03 3 103 cells/mL and from 4.21 6

0.55 3 103 cells/mL to 0.14 6 0.04 3 103 cells/mL, respec-
tively, a 0.07-fold and 0.03-fold decrease from baseline,
respectively (all P \ .001). The mean plasma fibrinogen
concentration change in PRP was 201.26 6 29.34 mg/dL.
The mean percentage of activated platelets in 3 patients
was 14.52% 6 1.45%.

Constant Score and Other Functional Scores

The Constant score was not significantly different before
and at any time point after surgery between the 2 groups
(all P . .05) (Table 3). The Constant score in the PRP
group significantly decreased at 3 months after surgery
(P \ .020), while that in the conventional group did not
change (P \ .680). However, it gradually improved and
was significantly higher at 6 months (all P = .017) and at
final follow-up (all P \ .001) compared with that before
surgery in both groups.

The 2 groups showed similar shoulder function results
before and after surgery according to the ASES, UCLA,
SST, and SPADI scores (all P . .05). At 3 months, the
ASES, UCLA, and SPADI scores significantly improved
compared with those before surgery in the conventional
group (P = .037, .010, and .048, respectively), while those
in the PRP group did not. After 6 months, all scores were
significantly higher than those before surgery in both
groups (all P \ .001).

Pain

Preoperatively, VAS pain scores at rest, with motion, and
at night and mean and worst pain scores were not different
in the 2 groups (all P . .05) (Table 4). After surgery, all
VAS pain measurements decreased over time until final
follow-up in both groups. No significant difference between
the 2 groups was found for any VAS pain measurement at
any time point until final follow-up except for the VAS for
worst pain, which was significantly lower in the PRP group
(2.49 6 2.26) than in the conventional group (3.68 6 2.54)
at final follow-up (P = .043). At 3 months, VAS pain scores
at rest and at night and mean pain scores significantly
improved compared with those before surgery in the con-
ventional group (P = .010, .009, and .004, respectively),

Figure 1. Study flow diagram. CSA, cross-sectional area;
MRI, magnetic resonance imaging; PRP, platelet-rich plasma.
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while those in the PRP group did not. At 6 months, all
scores significantly improved in both groups.

Range of Motion

No significant difference between the 2 groups was found
for active forward flexion, abduction, external rotation
with the arm at the side, and internal rotation before
and at any time point after surgery (see the Appendix,
available online at http://ajsm.sagepub.com/supplemental).
ROM in all planes showed the same tendency over time as
previously reported19; they decreased until 3 months after

surgery and then increased gradually until final follow-up.
At final follow-up, forward flexion and abduction in both
groups improved significantly. However, external rotation
did not improve in both groups.

Strength

Strength of the supraspinatus, infraspinatus, and subsca-
pularis muscles was not significantly different between
the 2 groups before and at any time point after surgery
(see the Appendix, available online). At 6 months, strength
of the infraspinatus and subscapularis significantly

TABLE 1
Comparison of Baseline Demographics Between the PRP and Conventional Repair Groupsa

Variable PRP Repair (n = 37) Conventional Repair (n = 37) P Value

Age, y 60.08 6 4.88 60.92 6 7.34 .565
Sex (male:female), n 8:29 9:28 .782
Dominance (yes:no), n 28:9 29:8 .782
Duration, mo 30.60 6 34.15 17.30 6 26.22 .064
Symptom aggravation, mo 5.89 6 5.70 4.49 6 3.76 .365
Size, mm

Anteroposterior 22.57 6 8.94 26.84 6 10.94 .070
Mediolateral 14.65 6 8.24 15.38 6 8.07 .701

Cofield type (S:M:L:MSV), n 0:27:10:0 0:25:12:0 .611
Boileau stage (I:II:III:IV), n 19:11:5:2 17:9:10:1 .521
Involved tendons, n 1.59 6 0.72 1.81 6 0.74 .208
Tendon grade (A:B:C),b n 17:18:2 20:13:4 .856
Excursion (A:B:C),c n 25:9:3 26:9:2 .704
Labral tear (yes:no), n 8:29 7:30 .772
Labrum (not done:debride:repair), n 25:12:0 27:10:0 .611
Biceps tear (none:partial:complete), n 21:15:1 19:18:0 .503
Biceps (not done:debride:tenotomy), n 20:4:13 19:0:18 .089
SB grade (0:1:2:3),d n 11:14:6:3:3:0 8:16:3:7:3 .452
SB repair (none:debride:repair), n 11:20:6 10:15:12 .251
Anchors, n 3.30 6 0.66 3.43 6 0.69 .392
Acromioplasty (yes:no), n 18:19 15:22 .483
GT medialization (yes:no), n 4:33 2:35 .394
GT coverage (grade A:B:C:D),e n 27:8:2:0 25:9:2:1 .478
Goutallier grade (grade 0:1:2:3:4), n

Supraspinatus 1:11:20:5:0 0:9:15:9:4 .133
Infraspinatus 0:24:10:2:1 3:20:11:2:1 .491
Subscapularis 6:22:9:0:0 6:18:10:3:0 .327

Tangent sign (grade 1:2:3),f n 27:9:1 23:9:5 .225
Follow-up, mo 13.03 6 1.79 13.08 6 1.98 .902
MRI follow-up, mo 9.64 6 2.09 9.77 6 1.63 .785

aValues are expressed as mean 6 SD unless otherwise specified. GT, greater tuberosity; MRI, magnetic resonance imaging; PRP, platelet-
rich plasma; S:M:L:MSV, small:medium:large:massive; SB, subscapularis.

bTendon grade assesses rotator cuff quality using 3 gross tendon criteria24: (1) fraying over half of the tendon thickness, (2) delamination
of the supraspinatus tendon, and (3) thinning of less than half of the normal thickness. Grading: A = none of these criteria were met; B =
fraying or delamination was identified; C = both fraying and delamination or thinning regardless of the other criteria.

cExcursion evaluates the lateral displacement of the tear end by manual pulling. Grading: A = over the ridge of the greater tuberosity; B =
within the original footprint in the greater tuberosity; C = cannot be reduced to the original footprint.

dSubscapularis tear was graded according to the Nove-Josserand classification in Pfirrmann et al.35 Grading: 0 = normal tendon; 1 = tear
less than one-quarter; 2 = tear more than one-quarter but not complete; 3 = complete tear.

eGT coverage evaluates repair quality. Grading: A = complete coverage of the original footprint; B = incomplete coverage more than half of
the footprint; C = incomplete coverage less than half of the footprint; D = presence of defect into the glenohumeral joint.

fTangent sign assesses muscle atrophy of the supraspinatus. Grading: 1 = negative (the superior border of the supraspinatus was superior
to the line tangential to the coracoid and scapular spine); 2 = borderline (the superior border was located about the tangential line); 3 =
positive (the superior border was inferior to the tangential line).
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improved in the PRP group, whereas that of the subscapu-
laris only increased in the conventional group. At final fol-
low-up, strength of the supraspinatus, infraspinatus, and
subscapularis was significantly greater than preoperative
values in both groups (all P \ .001).

Overall Satisfaction and Function

Patients in the 2 groups showed no significant difference in
willingness to undergo surgery again and to recommend

TABLE 3
Outcome Assessments: Constant, ASES,

UCLA, SST, and SPADI Scores

Variable
PRP Repair

(n = 37)
Conventional

Repair (n = 37) P Value

Constant score
Preoperative 53.76 6 17.89 47.17 6 20.34 .147
3 mo 45.12 6 14.75 45.79 6 16.11 .545
6 mo 60.74 6 14.53 55.83 6 16.24 .471
Final 74.67 6 9.17 70.87 6 9.76 .169

ASES score
Preoperative 56.77 6 18.83 48.92 6 21.91 .105
3 mo 54.89 6 17.86 57.97 6 20.60 .263
6 mo 73.92 6 19.24 68.86 6 19.51 .464
Final 87.96 6 13.10 83.65 6 14.56 .381

UCLA score
Preoperative 18.28 6 4.97 16.08 6 5.24 .071
3 mo 21.00 6 6.31 18.57 6 4.79 .169
6 mo 25.41 6 5.96 24.19 6 6.56 .931
Final 30.73 6 4.15 29.54 6 4.86 .454

SST score
Preoperative 6.39 6 2.90 5.03 6 3.56 .078
3 mo 5.32 6 2.46 5.32 6 2.52 .560
6 mo 8.19 6 2.84 7.22 6 2.68 .478
Final 10.24 6 2.14 9.76 6 2.27 .790

SPADI score
Preoperative 42.26 6 20.43 52.39 6 25.40 .065
3 mo 44.05 6 20.27 43.01 6 20.05 .613
6 mo 24.35 6 18.35 30.73 6 21.04 .445
Final 10.98 6 12.20 13.80 6 11.65 .539

aValues are expressed as mean 6 SD. ASES, American Shoul-
der and Elbow Surgeons; PRP, platelet-rich plasma; SPADI,
Shoulder Pain and Disability Index; SST, Simple Shoulder Test;
UCLA, University of California, Los Angeles.

TABLE 4
Outcome Assessments: VAS Pain Scoresa

Variable
PRP Repair

(n = 37)
Conventional

Repair (n = 37) P Value

Pain at rest
Preoperative 3.17 6 2.71 3.24 6 2.09 .893
3 mo 3.00 6 2.20 2.14 6 1.96 .077
6 mo 1.65 6 1.53 1.81 6 1.81 .672
Final 0.78 6 1.23 0.89 6 1.61 .758

Pain during motion
Preoperative 5.27 6 2.70 5.78 6 2.51 .401
3 mo 4.20 6 1.95 4.41 6 2.48 .727
6 mo 2.49 6 2.11 3.06 6 2.33 .369
Final 1.17 6 1.44 1.57 6 1.82 .299

Pain at night
Preoperative 5.00 6 2.68 5.27 6 2.88 .680
3 mo 4.16 6 2.68 3.70 6 2.69 .395
6 mo 2.43 6 2.58 2.59 6 2.34 .896
Final 1.22 6 1.73 1.97 6 2.23 .116

Mean pain
Preoperative 4.48 6 2.25 4.77 6 2.03 .568
3 mo 3.82 6 2.02 3.41 6 2.06 .340
6 mo 2.19 6 1.88 2.49 6 1.96 .582
Final 1.06 6 1.27 1.48 6 1.69 .250

Worst pain
Preoperative 7.42 6 2.27 7.89 6 2.05 .351
3 mo 6.11 6 2.42 6.16 6 2.91 .961
6 mo 3.76 6 2.54 4.35 6 2.92 .476
Final 2.49 6 2.26 3.68 6 2.54 .043

aScoring was conducted on a 10-point scale, where 0 = no pain
and 10 = unbearable pain. PRP, platelet-rich plasma; VAS, visual
analog scale.

TABLE 5
Sugaya Classification and Retear Rate
at 1 Year After Rotator Cuff Repaira

PRP Repair
(n = 33)

Conventional
Repair (n = 30) P Value

Sugaya classification type .163
I 5 (15.2) 5 (16.7)
II 19 (57.6) 10 (33.3)
III 8 (24.2) 9 (30.0)
IV 1 (3.0) 4 (13.3)
V 0 (0.0) 2 (6.7)

Retears 1 (3.0) 6 (20.0) .032

aValues are expressed as n (%). PRP, platelet-rich plasma.

TABLE 2
Characterization of PRP Used

With Respect to Concentration, Activation,
and Method of Applicationa

Property Value

Concentration, mean 6 SD
Platelets, 3103/mL 1218.40 6 334.69
WBC, 3103/mL 0.04 6 0.03
RBC, 3103/mL 0.14 6 0.04
Fibrinogen, mg/dL 201.26 6 29.34

Activation
Status,b mean 6 SD, % 14.52 6 1.45
Method Calcium alone

Method of application
State Gel
Volume, mL 3 3 3
Number 1
Interval, d 0

aPRP, platelet-rich plasma; RBC, red blood cells; WBC, white
blood cells.

bActivation status was measured using flow cytometry with
CD61 and CD62P in 3 patients. Results are expressed as the per-
centage of CD62P-positive counts over CD61-positive counts.
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surgery to another after surgery (see the Appendix). The
rates of patients’ ability to work as they did before getting
sick and overall function were not different between the 2
groups before and at any time point after surgery. Overall
satisfaction was also not different between the 2 groups at
any time point after surgery.

Retear Rate

The retear rate of the PRP group (1/33, 3.0%) was signifi-
cantly lower than that of the conventional group (6/30,
20.0%) (P = .032): 1 Sugaya type IV in the PRP group
and 4 and 2 Sugaya types IV and V, respectively, in the
conventional group (Table 5). More than half of the
patients in the PRP group showed Sugaya type II (19/33,
57.6%), whereas only one-third of the patients in the con-
ventional group did (10/30, 33.3%). However, the distribu-
tion of Sugaya classification types was not significantly
different between the 2 groups (P = .163).

Change in CSA of the Supraspinatus

Preoperative, immediately postoperative, and 1-year post-
operative CSAs of the supraspinatus muscle were not dif-
ferent between the 2 groups (Table 6). The change between
the immediately postoperative and preoperative CSAs was
not significantly different between the 2 groups (P = .960).
The change between the 1-year postoperative and immedi-
ately postoperative CSAs was significantly different
between the 2 groups: –36.76 6 45.31 mm2 in the PRP
group and 267.47 6 47.26 mm2 in the conventional group
(P = .014). The change between the 1-year postoperative
and preoperative CSAs was not significantly different
between the 2 groups (P = .121).

DISCUSSION

The most important findings of the study are that the
application of PRP for rotator cuff repair in patients with
medium to large rotator cuff tears improved the quality
of healing but did not accelerate the speed of healing.
Patients in the PRP group did not show higher Constant
scores at 3 months. The only positive clinical finding was

that the PRP group showed lower VAS measures of the
worst pain than the conventional group (P = .043). Fur-
thermore, ASES, UCLA, and SPADI scores and VAS pain
scores at rest and at night and mean pain scores signifi-
cantly improved only in the conventional group at 3
months after surgery. However, the PRP group showed sig-
nificant improvement in both structural outcomes com-
pared with the conventional group: a 6-fold lower retear
rate (3.0% vs 20.0%, respectively) and a lower decrease in
the CSA of the supraspinatus muscle (–36.76 6 45.31
mm2 vs 267.47 6 47.26 mm2, respectively). These results
are in line with results of previous studies in different pop-
ulations.19,23 Neither group showed any improvement or dif-
ferences in clinical outcomes at 3 to 12 months after surgery
compared with the control groups, but findings suggested
improved structural outcomes at 1 year after repair. Inferior
structural outcomes identified at short-term follow-up could
lead to longer term deterioration of clinical outcomes and
thus would result in higher socioeconomic costs to treat these
patients. Therefore, we suggest that the application of PRP
for rotator cuff repair is worthwhile, even though it may
not provide satisfactory clinical outcomes in the early period.

These results do not necessarily preclude the other
potential of PRP: acceleration of healing. In this study,
we adopted a more conservative rehabilitation regimen
after surgery.7,19,23,28 Patients were immobilized in an
abduction brace and were not allowed passive ROM exer-
cise for the first 4 weeks. If PRP could improve the quality
of healing, a less conservative rehabilitation regimen
allowing early passive ROM exercise and possibly active
assisted exercises could be adopted without affecting the
retear rate. Also, this change in the rehabilitation protocol
might result in an acceleration of recovery after repair.
However, further studies should be conducted.

We enrolled patients with a medium to large tear in this
study. There were several reasons for this decision. First,
this patient population is the most common.19,34,40 Second,
as the retear rate for a small tear with conventional rotator
cuff repair without PRP ranges from 0% up to 10%,5,34 the
application of PRP would not be necessary especially from
a cost-benefit perspective. Third, for a massive tear, there
might be a large variation in the characteristics of the tear
and patients, such as anteroposterior and mediolateral
size, excursion, tendon grade, reparability, fatty infiltra-
tion and atrophy of rotator cuff muscles, and the presence

TABLE 6
Change in CSA of the Supraspinatus at 1 Year After Rotator Cuff Repaira

PRP Repair (n = 31) Conventional Repair (n = 27) P Value

CSA, mm2

Preoperative 379.46 6 96.26 372.84 6 122.59 .819
Immediately postoperative 450.76 6 112.27 443.19 6 109.14 .796
1-year postoperative 414.00 6 112.39 375.72 6 118.00 .211

DCSA, mm2

Immediately postoperative–preoperative 71.31 6 89.39 70.35 6 41.73 .960
1-year postoperative–immediately postoperative –36.76 6 45.31 –67.47 6 47.26 .014
1-year postoperative–preoperative 34.55 6 92.85 2.88 6 51.34 .121

aValues are expressed as mean 6 SE. CSA, cross-sectional area; PRP, platelet-rich plasma.
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of osteoarthritis and pseudoparalysis. All of these variations
could be confounding factors for results that would more com-
plicate the analysis process of PRP’s effects. Therefore, we
needed to confine the study to a patient population that
would be the most common with room for improvement
with respect to the speed and quality of healing, but without
a large variation in characteristics, and we believed that
patients with a medium to large tear would best fit this pur-
pose of the study.

Among 5 major components of PRP, that is, platelets,
white blood cells, red blood cells, fibrinogen, and plasma,
the concentrations of platelets and white blood cells play
more critical roles than the others in the effects of PRP,
as both of them could release growth factors, cytokines,
and proteinases.45 While the role of leukocytes in PRP
has not been fully elucidated, a few recent studies denoted
some progress. Sundman et al41 described that platelets in
PRP increased anabolic signaling such as transforming
growth factor–b (TGF-b) and platelet-derived growth
factor–AB (PDGF-AB) and that, in contrast, leukocytes
increased catabolic signaling molecules such as matrix
metalloproteinase–9 (MMP-9) and interleukin-1b (IL-1b).
McCarrel et al32,33 reported a positive correlation between
the concentration of white blood cells and the expression of
catabolic mediators in an in vitro equine tendon and liga-
ment study, and their more recent work further supported
these findings; the treatment of tendon explants with low
concentrations of white blood cells and PRP resulted in
decreased IL-1b and tumor necrosis factor–a (TNF-a)
gene expression compared with explants treated with
high concentrations of white blood cells and PRP. Pifer
et al36 showed that the concentrations and activities of
MMP-2, -3, and -9 are higher in high-platelet, high-
leukocyte PRP than in low-platelet, low-leukocyte PRP.
Furthermore, in a rabbit patellar tendon model, Dragoo
et al10 showed that leukocyte-rich PRP caused a greater
acute inflammatory response. Besides inflammatory
aspects, the effects of leukocytes in PRP on matrix synthe-
sis were reported by some authors. Jo et al20 reported that
leukocyte-poor PRP enhanced matrix gene expression and
synthesis in degenerative tenocytes from torn rotator cuff
tendons. Boswell et al4 suggested that minimizing leuko-
cytes in PRP is more important with respect to decreasing
inflammation and enhancing matrix gene synthesis. These
results from basic research suggest that PRP without leu-
kocytes favors healing without inflammation more than
PRP with leukocytes.

During the regeneration process of tendon injuries, leu-
kocytes play their role mostly in the first stage: the inflam-
matory stage.8,13,17 Neutrophils clear debris, microbes, and
necrotic tissue to clean the wound and prevent infections,
and monocytes mature to become macrophages and further
debride the wound. However, we believe that repairs to
rotator cuff tears would fail in the second stage of tendon
healing (ie, the proliferation stage, where the normally
new extracellular matrix is synthesized in the presence
of a reduced number of macrophages). In addition, while
inducing angiogenesis is a key role of macrophages,8 vessel
formation is unlikely necessary for tendon regeneration as

it is for cartilage regeneration. Therefore, for the regener-
ation of chronic degenerative rotator cuff disease or tears,
inflammation or angiogenesis is not necessary, and even
should be avoided, but matrix synthesis is strongly stimu-
lated. In this sense, we suggest that leukocyte-poor PRP
such as the one used in this study would be an optimal
preparation for rotator cuff repair. Whereas this short-
term study demonstrates better outcomes only regarding
the structural integrity, but not in the clinical outcomes,
we speculate that improved healing should result in better
clinical outcomes at midterm or long-term follow-up.27,42

Limitations of the study are that this (1) was a single-
blind study; (2) arbitrarily used PRP in rotator cuff repair
(component concentrations; activation method; and appli-
cation state, number, and method); (3) used a conservative
rehabilitation protocol that did not allow immediate pas-
sive ROM after surgery (thus, it might not have used an
optimized rehabilitation regimen for detecting the effects
of PRP on the acceleration of recovery); and (4) had a rela-
tively lower follow-up rate of MRI in the control group.

In conclusion, the results of this study indicate that
rotator cuff repair with the current PRP preparation and
application method for medium to large rotator cuff repairs
significantly improved the quality, as evidenced by
a decreased retear rate and increased CSA of the supraspi-
natus, but not the speed of healing compared with repairs
without PRP application. However, further studies may be
needed to investigate the effects of PRP on the speed of
healing without risking the quality.
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