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Abstract. Shoulder rotator cuff tears are a common condition,
which under specific indications is treated with arthroscopic
repair. The optimal treatment aims at alleviating shoulder
pain, the return of shoulder functionality and the prevention
of recurrence of symptoms. The aim of the present study was
to investigate and describe the augmentation of arthroscopic
repair of rotator cuff tears with platelet-rich-plasma (PRP)
treatment postoperatively, and its effects on pain, shoulder
functionality and risk of retear. A total of 51 patients were
divided into two groups. The treatment group received a
subacromial PRP injection in the direct postoperative period
after arthroscopic repair of rotator cuff tears, while the control
group underwent arthroscopic treatment alone. There was no
statistically significant difference in the verbal numeric rating
score at 30 days postoperatively and the Constant-Murley and
American Shoulder and Elbow Surgeons shoulder scores at 3,
6 and 12 months postoperatively between the two groups.
However, the patients in the treatment group exhibited a
statistically significant improvement of both scores between
the 3- and 6-month timepoints, which was not observed in the
control group. A smaller portion of the treatment group had
rotator cuff retears compared with the control group (42.86 vs.
75.00%), although this was not statistically significant. It has
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not yet been adequately established that PRP treatment can
provide additional benefits when combined with surgical treat-
ment of rotator cuff tears. Further research with larger sample
sizes may provide sufficient data concerning a possible protec-
tive effect on the postoperative retear risk. The trial has been
registered on ClinicalTrials.gov under number NCT07689383
(submission date, July 1, 2026) and can be accessed at: clini-
caltrials.gov/study/NCT07689383?term=NCT07689383&view
Type=Card&rank=1.

Introduction

Shoulder rotator cuff tears, as a result of the degenerative
process of tendinopathy or traumatic events, are a common
condition that may cause shoulder pain and disability. The
portion of the population older than 60 years of age with some
form of rotator cuff injury is estimated to be about 30% (1).
Treatment options vary from conservative, noninvasive,
including a recovery program, to more invasive procedures
such as shoulder injections and surgery. There is still debate
concerning the ideal choice and timing of every treatment.
A systematic review showed limited evidence that surgery is
more effective in treating rotator cuff tear than conservative
treatment alone (2). The patient's age and activity level, the
tear's mechanism, and the tear's size and anatomic position
are among the factors that determine the surgical treatment of
such tears. According to Dunn et al (3), patients' expectations
concerning the success of physical therapy are the strongest
predictor of the need for surgery, along with activity level
and smoking. Although surgical repair-whether arthroscopic
or mini-open-is the standard approach, it is associated with
concerningly high rates of retear and recurring symptoms.
Reported postoperative retear rates range widely, reaching up
to 70% (4), and as high as 96% in cases of massive tears (5).
While patients with structural failure often experience
significant relief from pain, they frequently report persistent
weakness and varying levels of functional impairment (6).
Surgical failure can be influenced by numerous factors,
including the patient's age, body mass, underlying conditions
like diabetes, smoking habits, physical activity history, as well
as characteristics of the tear-such as its size, type, and location.
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Other contributing elements include the surgical technique
used, tendon quality, the extent of fatty infiltration, the local
biological environment for healing, the degree of tendon
retraction and chronicity of the tear, any prior or simultaneous
surgeries, and the postoperative rehabilitation process (7). It
has to be noted that a case control study of 603 patients iden-
tified the following independent patient risk factors for poor
rotator cuff healing after surgical repair: age of older than
70 years at the time of surgery, tear size in anteroposterior
dimension and preoperative tendon retraction, fatty infiltra-
tion of infraspinatus muscle, low bone mineral density and
high level of work activity (8). To reduce failure rates, it is
essential to identify and address the ‘weak links’ within the
current standard of care. Biomechanical research has shown
that modern suture configurations are capable of withstanding
forces greater than those typically imposed upon the rotator
cuff tendons (9). However, the primary biomechanical ‘weak
link” appears to be the tendon's limited capacity for biological
healing. The resulting scar tissue lacks the tensile strength of
healthy tendon, making it more susceptible to retear (10). As
Castricini et al (11) have pointed out, the rotator cuff shows
a limited healing capacity at its humeral insertion following
repair. This may not only be due to the poor vascular supply of
tendon tissue but also because of histopathological changes that
occur after rupture-such as elevated levels of metalloprotein-
ases and their inhibitors, tissue inhibitor of metalloproteinases
(TIMP)-1 and TIMP-2 (12).

The investigation and clinical implementation of biological
systems that facilitate tendon repair processes have become
increasingly significant, with particular emphasis on the role
of growth factors. Platelet-rich plasma (PRP), an autologous
blood-derived product, is characterized by a high concentra-
tion of growth factors and bioactive cytokines, including
vascular endothelial growth factor (VEGF), insulin-like
growth factor (IGF), fibroblast growth factor (FGF),
platelet-derived growth factor (PDGF), transforming growth
factor-beta (TGF-f), and epidermal growth factor (EGF) (13).
These molecules contribute to the modulation of inflamma-
tion and the enhancement of tissue regeneration by promoting
cellular migration, proliferation, angiogenesis, and extracel-
lular matrix synthesis (14).

The methodology for producing platelet-rich plasma (PRP)
varies considerably and remains largely unstandardized.
Differences in several key factors-including the type of prepa-
ration kits and centrifugation protocols used (often applied
directly at the point of care), the method of blood collection
and its handling during processing, as well as the concentration
of fibrinogen and the dynamics of fibrin polymerization-result
in a wide range of PRP formulations. These formulations
differ in their cellular and molecular composition, texture, and
biological activity, which may, in turn, influence therapeutic
outcomes (15). PRP can be broadly categorized based on leuco-
cyte content into pure (leucocyte-poor) and leucocyte-rich
types, and by physical consistency into liquid plasma or gel-like
fibrin forms. Furthermore, PRP may be administered in an
activated state-typically through the addition of autologous
thrombin and/or calcium-or in a non-activated state.

The use of platelet-rich plasma (PRP) to enhance tendon
healing has been explored in various contexts, including the
treatment of tendinopathies affecting the patellar, Achilles,

and lateral elbow tendons (16). However, with regard to rotator
cuff tears, there remains a lack of scientific consensus on the
clinical efficacy of PRP therapy, and its application is not
currently included in the American Academy of Orthopaedic
Surgeons guidelines (17). It is important to acknowledge that
the centrifugation process involved in PRP preparation may
also concentrate potentially deleterious agents. Moreover, the
PRP products contain numerous platelet growth factors and
cytokines, each with their own diverse cell sources, functions
and effects (18). Consequently, further research is required
to elucidate how patient-specific factors influence clinical
outcomes and to determine the impact of varying PRP formu-
lations on therapeutic efficacy (19).

The purpose of this study is to examine whether an intraar-
ticular shoulder injection of PRP in the early postoperative
period after arthroscopic rotator cuff repair offers any advan-
tage concerning pain and functional results, as well as possible
tendon retears, compared to standard arthroscopic repair
alone. The primary question of the study is whether there is a
difference in clinical results, as measured in Constant - Murley
and American Shoulder and Elbow Surgeons (ASES) scores
between the group of patients treated with arthroscopic repair
augmented with postoperative PRP treatment and the group
of patients treated with standard arthroscopic repair. The
secondary question of the study is whether there is a differ-
ence in postoperative retear rates six months to twelve months
postoperatively between these two groups. Our hypothesis is
that PRP treatment would lead to better results concerning
both questions mentioned above, based on our meta-analysis
of similar recent studies (20).

Materials and methods

Trial design and eligibility criteria. This study was a random-
ized, prospective clinical trial in a hospital environment,
followed by clinical and imaging follow-up in an outpatient
setting. The patients enrolled had symptomatic rotator cuff
tears, which were confirmed by magnetic resonance imaging
(MRI). The study was approved by our hospital's institutional
review board. They had failed previous conservative manage-
ment and physical therapy of at least 3 months and were
candidates for surgical treatment. The age of eligible patients
could be between 18 and 79 years. The exclusion criteria
were: (a) acute shoulder trauma, (b) any history of a previous
surgical operation on their shoulder, (c) the local administra-
tion of corticosteroids up to fifteen days before the operation or
systemic administration of corticosteroids up to a month before
the operation, (d) the use of non-steroidal anti-inflammatory
drugs during the trial, (e) any signs of infection or system-
atic inflammatory disease for at least fifteen days before the
operation, (f) history of malignancy or chemotherapy during
the previous year, (g) rotator cuff arthropathy with glenohu-
meral osteoarthritis and superior migration of the humeral
head, (h) pregnancy or breastfeeding, and in case of any of
these conditions the patients where ultimately excluded from
the trial results. All patients gave written informed consent to
participate in the trial.

Randomization procedure and allocation concealment. The
patients were randomly assigned either to group A (treatment)
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or group B (control) of the trial. The randomization method
that was followed was simple randomization. Since the initial
research planning included 50 patients, all numbers from 1
to 50 were randomly drawn and allocated to either the treat-
ment or the control group by a member of our research group
different from the researcher recruiting the patients. Since the
participants of the research were not recruited simultaneously,
each was given a sequential number based on the timing of
the recruitment (the first patient took number 1, the second
number 2 etc.) and were allocated to each group accordingly.
After the first 50 patients were recruited, the same procedure
was repeated for another 50 numbers, and the 51st patient
was allocated to a group in this manner. The researcher who
recruited the patients informed them about the study and
examined them preoperatively in order to determine the base-
line clinical scores the day before the operation was different
than the operating surgeon. This researcher was not present at
the allocation procedure and was informed about each patient's
assignment to a group after the pre-operative examination, in
order to implement allocation concealment and reduce the risk
of selection bias. The randomization procedure was not strati-
fied according to patient demographics or tear characteristics
(such as size or shape in MRI imaging) and no digital random-
ization software was used.

Intervention details. The patients of both groups underwent
arthroscopic repair of the rotator cuff by the same surgeon,
who was blinded to the specific patient assignment. All
patients received general anesthesia and were operated on
in the ‘beach chair’ position. The patients of group A were
administered a single intraarticular PRP injection in the
operated shoulder at 10-15 days postoperatively. The patients
of both groups otherwise received the same postoperative
instructions and followed the same postoperative protocol.
This protocol included using a shoulder sling with no active
range of motion for four weeks, followed by a rehabilitation
program of progressive active-assisted, active range of motion
and muscle strengthening for two months.

Concerning the arthroscopic rotator cuff repair, system-
atic glenohumeral joint and subacromial exploration were
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, excursion, and presence of the subscapu-
laris tear were assessed. Debridement of bursal tissue and
subacromial and distal clavicle osteophytes was minimally
performed. Extensive acromioplasty to flatten a hooked or
curved acromion was rarely performed. Rotator cuff repair
was performed to cover the original footprint using suture
anchors that were inserted through the accessory portal.

The PRP injected was prepared with the kit of Swiss
Plasma Biotech® and an EBA 200® centrifuge. The antico-
agulant used was Acid Citrate Dextrose Solution - A, a product
commonly used in PRP preparation. Its main components are
calcium gluconate, sodium citrate and dextrose. The tubes also
contained a thixotropic gel, which was already prepared by
the manufacturer. No further addition was made to the PRP
product in order to activate it. An autologous sample of 9 ml
of peripheral blood was collected, and after preparation with
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a relative centrifugal speed of 3,600 for 6 min, 4 ml of PRP
was received and injected intraarticularly in a subacromial
fashion. The part of the product of the centrifuge process that
was extracted for injection was that of leucocyte-poor PRP.
Our initial study design did not include the specific labora-
tory testing of each sample of the PRP product administered,
which was prepared on-site after receiving blood from the
patients. The volume of blood received was limited and the
total amount of PRP produced in each session was adminis-
tered to the patients. The fraction of the centrifuge product
utilized was drawn manually, as per the protocol originally
described by Anitua (21). In specific, after centrifugation of
the patients' peripheral venous blood sample, the product typi-
cally contains three distinct layers: the lower layer rich in red
blood cells, the middle ‘buffy coat’ and the higher layer of
mainly acellular plasma. The buffy coat typically appears as
a whitish layer and comprises the majority of the leucocytes.
The upper part of the acellular plasma layer, designated plasma
poor in growth factors (PPGF), was carefully aspirated and
discarded from each tube using a pipette, with care taken to
minimize turbulence. The remaining plasma fraction, referred
to as plasma rich in growth factors (PRGF), was then collected
by pipetting, with the collection volume determined by visual
inspection. Afterwards, the patients were injected with this
fraction of the centrifuge product. This technique is expected
to produce a leucocyte-poor PRP product (15). The patients
were not blinded and the patients of group B did not have any
blood drawn.

Follow-up and outcome measurements. The patients of both
groups had the same follow-up examinations. They were ques-
tioned about pain on a Numerical Rating Scale (NRS) of O to
15 at 1 month postoperatively. A thorough clinical examination
with the calculation of Constant - Murley [as was translated
and culturally adapted in Greek by Ntourantonis et al (22)] and
ASES scores were performed at 3, 6 and 12 months postopera-
tively by the same examiner for all patients. In addition, the
patients underwent a shoulder MRI examination at 6 months
postoperatively, to assess the healing status of the rotator cuff
tendons. The postoperative MRI imaging was assessed and
compared to the preoperative MRI imaging concerning the
anatomic location and size of both the original and a possible
residual tear or the presence of any new rotator cuff tears. In
addition, the degree of fatty degeneration of the rotator cuff
muscles was assessed for each patient. The fatty degeneration
was marked as ‘notable’ when it was greater or equal to stage 3
according to the Goutallier classification (23) (grade O: normal
muscle; grade 1: fatty streaks; grade 2: more muscle than fat;
grade 3: equal amounts of fat and muscle; and grade 4: more fat
than muscle). All MRIs were assessed by the same radiologist,
who was blinded concerning the patients' group allocation.

Statistical analysis. The statistical analysis was performed
using the Mann - Whitney U test for the comparison of ASES,
Constant-Murley and VNRS scores among groups and Fisher's
exact test for the assessment of the retear rates and fatty degen-
eration, with software tools from website statskingdom.com
(accessed 16.4.2026). Normality of the samples was assessed
using the Shapiro - Wilk test when using the Mann - Whitney
U test. Outliers were identified based on Tukey's fences method
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Table I. Demographics of patient groups.

Patient characteristics Total Conventional treatment PRP treatment
Male, n 24 11 13
Female, n 27 15 12
Mean age, years 58.31 57.65 59.00
Right/left-sided, n 34/17 17/9 17/8
Isolated supraspinatus tear, n 37 17 20

Tear of two or more tendons (including supraspinatus), n 14 9 5

Numbers of male and female patients, dominant hand and mean age values for each group. PRP, platelet-rich plasma.

(k=1.5) and were included in all calculations concerning the
ASES, Constant-Murley and verbal numerical rating score
(VNRS) scores. The data processed using Fisher's exact test
was also assessed with the chi-square test of independence,
which did not produce a different result concerning the statis-
tical significance of the differences observed among the groups.

Results

Patient demographics and lesion characteristics. A total of
51 patients were enrolled in this study, during three years,
from November 2021 until September 2024. The control
group originally consisted of 26 patients and the treat-
ment group of 25 patients. In addition, two patients were
approached for participation in the study, but one refused to
participate and another was proven to be ineligible, because
of a lumbar spinal fracture which occurred 9 days after
the operation. Furthermore, three patients dropped out of the
study before the first follow-up or PRP treatment, of which
one was allocated to the control group and two to the treat-
ment group. 24 patients were men (11 at the control and 13
at the treatment group) and 27 (15 at the control and 12 at
the treatment group) were women. The age of the patients at
the time of operation varied from 35 to 79 years. The average
patients' age of the control group was 57.65 years and the
treatment group 59 years, and there was no statistically
significant difference between the two groups concerning
gender composition or mean age. Specific data on other
patient comorbidities that were not registered as exclusion
criteria for participation in the study was not documented
and analyzed statistically, as their correlation to rotator cuff
healing was beyond the scope of this study. Concerning the
anatomic location of rotator cuff tears according to the preop-
erative MRI imaging, the majority of the patients suffered
from isolated supraspinatus tears (17 patients in the control
group and 20 patients in the treatment group). A smaller
portion of the patients had tears of 2 or more rotator cuff
tendons, all of which included the supraspinatus (9 patients
in the control group and 5 patients in the treatment group).
No statistically significant difference between the two groups
was observed concerning this characteristic as well (Table I).
All of the patients in both groups had full thickness tear sizes
and no patients with partial-thickness tears were included
in our study. Tear size was not specifically measured and
documented for each patient.

Table II. Baseline clinical scores and postoperative clinical
results.

Conventional
Variables treatment PRP treatment P-value
Constant-Murley
score
Preoperative 40.98+18.49 48.14+18.49 0.22
3 months 55.63+23 .46 62.81£11.05 0.18
6 months 71.13£20.70 77.36x£14.39 032
12 months 90.25+11.13 91.57+11.39 0.67
ASES score
Preoperative 36.28+18.35 4491+17.55 0.09
3 months 64.95+22 .83 66.21+£13.82 0.94
6 months 73.11+£19.73 79.69+15.74 0.27
12 months 92.35+8.94 90.22+14 .41 0.85
VNRS-15 score
1 month 4.46+3.69 5.67+2.74 0.20

The mean Constant-Murley and ASES scores are presented for each
patient group at baseline, and 3, 6 and 12 months postoperatively.
Mean VNRS-15 scores at 1 month postoperatively are also shown.
The P-values shown are for the comparison of the control and treat-
ment groups and were calculated using the Mann-Whitney U test
including all patients that were examined at each interval. ASES,
American Shoulder and Elbow Surgeons; PRP, platelet-rich plasma;
VNRS, verbal numerical rating score.

Clinical scores. The preoperative Constant-Murley and ASES
scores were assessed the day before the operation for all
patients. Excluding the patients who dropped out before the
first follow-up or intervention, the average baseline Constant
score of the control group was 40.98 and the treatment group
was 48.14, a difference which was not statistically significant
(P=0.22, standardized effect size, ES=0.18, common language
effect size, CLES=0.4). The average baseline ASES scores
were 36.28 for the control group and 44.91 for the treatment
group, a difference which was also not statistically significant
(P=0.09, ES=0.24, CLES=0.36).

At 30 days postoperatively, the patients were examined
for shoulder pain and the VNRS score was assessed (24).
The patients were asked to rate the intensity of the pain at the
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Variables Total, n (n=15) Conventional treatment, n (%) (n=8) PRP treatment, n (%) (n=7) P-value
Fatty degeneration 6 2 (25.00) 4 (57.14) 0.31
Retears 9 6 (75.00) 3 (42.86) 0.31

Number and percentage of patients with significant fatty degeneration of rotator cuff tendon (Goutallier grade III or higher) and retears at the
repair site at 6 months after the operation for each group. The P-values shown are for the comparison of the control and treatment groups and
were calculated using Fisher's exact test, including all the patients who underwent postoperative MRI imaging. PRP, platelet-rich plasma.

shoulder operated on, ranging from 0 (‘no pain’) to 15 (‘worst
pain imaginable’). The treatment group had an average VNRS
score of 5.67, while the control group had a better score of
4.46. However, this difference was not statistically significant
(P=0.20, ES=0.2, CLES=0.38).

At the follow-up examinations at 3 months postoperatively,
the Constant-Murley and ASES scores of both groups had a
statistically significant improvement from baseline (P=0.03,
ES=0.33, CLES=0.69 for the Constant-Murley and P=0.0006,
ES=0.53, CLES=0.19 for the ASES scores of the control
group, P=0.01, ES=0.39, CLES=0.73 for the Constant-Murley
and P=0.001, ES=0.53, CLES=0.19 for the ASES scores of
the treatment group). There was no statistically significant
difference between the two groups at any of the aforemen-
tioned clinical scores (P=0.18, ES=0.21, CLES=0.38 for the
Constant-Murley score and P=0.94, ES=0.013, CLES=0.49 for
the ASES). The average Constant-Murley score for the control
group was 55.63 and for the treatment group 62.81 and the
average ASES scores were 64.95 and 66.21 respectively. There
was further improvement at 6 months postoperatively. The
average Constant - Murley scores were 71.13 for the control
group and 77.36 for the treatment group, with no statistically
significant difference observed (P=0.32, ES=0.17, CLES=0.4),
and the average ASES scores were 73.11 for the control group
and 79.69 for the treatment group, with no statistically signifi-
cant difference (P=0.27, ES=0.18, CLES=0.39). However,
it has to be noted that although the further improvement of
Constant-Murley scores from three to six months postopera-
tively was not statistically significant (mean score difference
of 15.09, P=0.09, ES=0.3, CLES=0.32) for the patients of the
control group who participated in both follow-up examinations,
it was statistically significant for the treatment group (mean
score difference of 15.37,P=0.006,ES=0.54, CLES=0.18). The
same results were extracted for the ASES scores as well (mean
score difference of 9.44, P=0.24, ES=0.21, CLES=0.38 for
the control group and mean score difference of 13.85, P=0.03,
ES=0.42, CLES=0.25 for the treatment group). At 12 months
postoperatively, average Constant scores were 90.25 for the
control and 91.57 for the treatment group with no statistically
significant difference (P=0.67, ES=0.072, CLES=0.46). The
average ASES scores were 92.35 for the control and 90.22 for
the treatment group, with no statistically significant difference
(P=0.85, ES=0.032, CLES=0.48). These results are summa-
rized in Table II.

In addition, a posthoc sensitivity analysis of the statistical
results was performed, where the effect of patient drop-outs,
excluded patients and outliers was taken into account.

Concerning the patients who dropped out or were excluded
from the study, the intention-to-treat analysis showed no statis-
tically significant difference between the two patient groups
at baseline Constant - Murley and ASES clinical scores.
However, when dropped-out and/or excluded patients were
included in the baseline clinical scores, the Constant - Murley
scores did not show statistically significant improvement from
baseline at 3 months postoperatively for the control group.
It should be noted that the p values for these comparisons
where barely above the 0.05 threshold in these calculations
(P=0.055, ES=0.28, CLES=0.34 when drop-outs before the
first follow-up where included, P=0.056, ES=0.27, CLES=0.34
when all excluded patients were taken into account at baseline
scores). The rest of the results where robust, with no changes in
statistical significance after the sensitivity analysis for patient
drop-outs, exclusions and outlier values.

Postoperative imaging. Concerning the postoperative imaging
of the patients' shoulders, there was a follow-up at 6 months
postoperatively of a total of 15 patients, 8 from the control
and 7 from the treatment group. Although the size of these
groups was rather small, an interesting trend was observed
after the investigation of postoperative re-tears at the suture
area or different anatomic positions of the repaired tendons.
In specific, six out of eight patients from the control group
had postoperative tears (75%), while three out of seven patients
from the treatment group had postoperative tears (42.86%).
This difference was not statistically significant (P=0.31) as the
sample size was small. It may also be noted that the patients
from the control group had a notable fatty muscle degenera-
tion at a lower rate than those from the treatment group (2/8
equaling 25% and 4/7 equaling 57.14%). The degree of degen-
eration was assessed in both pre- and postoperative MRI. A
postoperative progress in Goutallier stage of fatty degeneration
was not observed in any patient. These results are summarized
in Table III.

Discussion

This trial attempts to add further data to the ongoing scientific
research and discussion concerning biological treatments of
shoulder rotator cuff conditions. There is an active scientific
discussion concerning the use and the potential benefits of
PRP treatment of several conditions in different anatomic
areas. Two recent meta-analyses showed that PRP injections
for the treatment of knee osteoarthritis produced positive
results when compared to injections of hyaluronic acid (25),
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as well as when they were combined with hyaluronic acid
compared to PRP alone (26). Moreover, the augmentation of
the suture repair of Achilles tendon rupture with platelet rich
fibrin matrices improved the postoperative functional results,
while there was a smaller increase of the tendon cross-sectional
area (27). Quite a few studies have demonstrated good results
concerning pain and functionality when PRP is utilized for
the treatment of lateral epicondylitis of the elbow. In addition,
there is scientific literature about PRP treatments of conditions
including medial epicondylitis, biceps and triceps tendinopathy,
injury of ulnar collateral ligament of the elbow, carpal tunnel
syndrome, de Quervain's tenosynovitis, osteoarthritis of the
hip, foot and ankle, wrist and sacroiliac joint, spine degenera-
tive diseases, greater trochanteric bursitis of the femur, plantar
fasciitis, Achilles tendinopathy and fracture non-union (28).
Furthermore, recent research has shown that PRP may be used
as part of the therapy process of certain non-musculoskeletal
conditions, such as traumatic brain damage (29).

Several studies, where PRP has been applied for the conser-
vative treatment of shoulder rotator cuff tears, have shown
positive results concerning shoulder pain and function, as has
been indicated by recent systematic reviews and/or meta-anal-
yses (30-32). Giovannetti de Sanctis et al (30) reported that
none of the examined treatment modalities-platelet-rich plasma
(PRP), corticosteroid injections, or prolotherapy-demonstrated
unequivocal superiority, as all interventions yielded statisti-
cally significant improvements from baseline across the studies
reviewed. Nevertheless, PRP injections appeared to provide
measurable long-term benefits compared to the other treat-
ments, despite the difference in clinical scores being below
the minimal clinically important difference. No significant
differences were observed between treatments during short-
and mid-term follow-ups. Furthermore, PRP consistently
outperformed other interventions regarding shoulder function
at all follow-up points evaluated (30).

It has not yet been adequately established that PRP treat-
ment can provide additional benefits when combined with
surgical treatment of full-thickness rotator cuff tears. A
systematic review and meta-analysis of twenty-five clinical
trials has shown that the combination of PRP injections and
arthroscopic rotator cuff repair shows lower retear rates than
arthroscopic repair alone. However, concerning the postopera-
tive clinical scores, the statistically significant improvement
of Constant-Murley, University of California, Los Angeles
and Simple Shoulder Test scores were lower than the minimal
clinically important difference and is therefore uncertain, if
they represent a higher level of functional and activity level
in the patients' everyday life (20). The results of the present
study do not bolster these results, as no statistically significant
improvement after the PRP treatment has been determined in
any follow-up period compared to the control group. The only
aspect of the study, in which an advantage of the PRP treat-
ment was indicated concerning the clinical scores, was the
statistically significant improvement of both scores from 3 to
6 months postoperatively. This result may indicate a prolonged
healing process supported by the PRP injection. The protective
effect of PRP against tendon re-tears was also not confirmed
by the study with statistical significance, in the small number
of patients that underwent a postoperative MRI. However, a
strong positive trend was observed, as the retear rates in the

control group were more than double those in the treatment
group. It should be noted that since the patient's follow-up
is still ongoing, a larger sample size may provide a result of
statistical significance. In addition, the preoperative muscle
degeneration rates were higher in the treatment group as
observed in magnetic resonance imaging. Since muscle degen-
eration is an important cause of tendon repair failure (33), it
can be argued that if the fatty degeneration rates were equal
among the two groups, the measured difference of re-tear rates
would have been even larger in favor of the treatment group.
It is understood that our study has certain limitations. First
of all, the participants and the research team were not fully
blinded to the allocation of the patients to either treatment or
control group, since the patients of the control group did not
receive any postoperative shoulder injection. This is a potential
cause of a higher risk of observer bias, as well as self-report
bias (34). Although a possible sham injection at the patients of
the control group could protect our study from possible bias, it
has to be noted that subacromial injections are not without risk
of potential adverse effects. The adverse effects that have been
reported in other studies concerning subacromial injections
may vary and include mild and temporary symptoms such as
dizziness, nausea, headache, hematoma at the injection site,
increasing pain, a vasovagal reaction, and more severe condi-
tions such as capsulitis and shoulder infection (35-37). Taking
these into account, the decision was made to avoid a sham
shoulder injection with saline in the control group. In addition,
the randomization procedure was not stratified concerning
clinical and imaging findings such as rotator cuff tear size
and anatomic location, baseline pain and/or functional level.
However, no statistically significant difference was reported
in clinical scores between both groups, and sensitivity analysis
for outliers showed that the results were robust concerning
this aspect. In addition, in our study the sample of patients
with tears in locations other than supraspinatus was small and
diverse. The number of patients that had multiple tears was
small (14 patients in total). In addition, this subgroup contained
patients with tears of infraspinatus, teres minor, subscapularis
and combinations of the above tears. As a result, stratification
would lead to subgroups that would be too small to produce
significant results. In a similar manner, stratification of patients
according to specific tear size was not part of the original study
design, as it would lead to very small sample sizes in each
subgroup. As a result, it was not feasible to process the data in
separate patient subgroups based on tear location and get any
meaningful results and a possible multivariate analysis would
be under-powered. Our study was not designed to incorporate
further variates to our statistical analysis. However, the authors
attempted to exclude possible confounding factors through the
exclusion criteria for enrollment in the study. In specific, the
exclusion of patients with previous shoulder trauma and/or
surgical operations, present or recent infection, inflammatory
disease, malignancy or under chemotherapy aims to exclude
any patients, the general health and the local shoulder envi-
ronment of whom may predispose them to inadequate tissue
healing. In addition, patients under corticosteroid treatment
were excluded, since corticosteroids have been associated
with both spontaneous tendon rupture (38) and diabetes (39),
which is a risk factor for postoperative failure of rotator cuff
repair. Furthermore, patients with rotator cuff arthropathy,
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glenohumeral osteoarthritis and superior migration of the
humeral head are patients with large rotator cuff tears, severe
tendon retraction and are generally considered ineligible for
primary arthroscopic repair of the tendon tears due to high
failure rates (40). As a result, such patients have been excluded
from our study as well. In addition, no patients with osteopo-
rosis (T-score -2.5 or lower) participated in our study, which
is notable since low bone mineral density has been associated
with poor postoperative rotator cuff healing (8). It also has
to be noted that the study groups did not differ in a statisti-
cally significant manner concerning mean age, gender and
anatomic tear location. Secondly, the size of the groups of our
study may have been smaller than required to prove a potential
effect of the treatment in a statistically significant degree. We
recommend that future studies in this field take our findings
into consideration when performing power analysis, in order
to recruit sufficient number of patients for a sample size that
may provide statistically significant results. This limitation
of our study is most prevalent in the patient follow-up with
postoperative MRI imaging, as certain patients would choose
not to undergo a postoperative MRI, even though they were
willing to continue the follow-up with clinical examinations.
Patient claustrophobia and other anxiety linked to MRI scan-
ning have been documented in several studies (41). The high
rate of patient drop-out in this section of our study can be the
reason for a high risk of bias due to missing data, as described
by ‘The Cochrane Handbook for Systematic Reviews of
Interventions’ (42). To our knowledge, the possible reluctance
of certain patients to undergo a postoperative MRI is not
clearly correlated to the therapeutic result. However, since the
total number of patients who underwent MRI is rather small,
such risk of bias cannot be excluded. In addition, it should
be noted that our study was not restricted in specific rotator
cuff tear size and/or shape and the allocation of patients to
the study groups did not take into account the specific char-
acteristics of their rotator cuff tears. To our knowledge, there
is insufficient data in the literature so far to specify whether
certain tear characteristics may benefit more from such treat-
ments. However, there are indications that tear size is a factor
to be considered, as in a meta-analysis by Xu and Xue (43)
large to massive tear size was found to contribute to a signifi-
cantly decreased retear rate for rotator cuff repair combined
with PRP. The difference observed between the patient groups
in the degree of fatty degeneration is another factor that may
affect the study results concerning retear rates, pain and func-
tional results. Fatty muscle degeneration is characterized by
the accumulation of fat within and between muscle fascicles,
although the exact underlying cellular mechanisms have yet
to be fully investigated. It is well documented that a greater
degree of muscle degeneration has an adverse effect on rotator
cuff tendon healing and integrity (44). According to a study
by Oh et al (45), the fatty degeneration of supraspinatus and
infraspinatus is a predictor of potential failure of surgical
repair. Interestingly, the fatty degeneration of infraspinatus
was described as the most independent predictor of the postop-
erative integrity of the rotator cuff. In addition, a meta-analysis
of 18 studies has demonstrated that fatty degeneration exerted
the greatest adverse influence on tendon healing among all
patient- and tear-related risk factors (46). In our study, since
no visible progression of tendon degeneration was observed
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postoperatively, the difference between the two groups cannot
be attributed to the administered treatment. It is a baseline
difference between the two populations. As a result, one can
suppose that had the baseline ratio of fatty degeneration been
equal between the two groups, the trend towards lower postop-
erative retear rates in the treatment group could have reached
statistical significance. Furthermore, we have to acknowledge
that our study design included specific clinical scores and
imaging examinations, and a choice of different measurable
results, such as different quality-of-life scales or a more
detailed biomechanical assessment of shoulder strength and
range of motion pre- and postoperatively could hypothetically
have produced data of statistical and clinical significance. It
should also be noted that any statistically significant results
should be correlated with the minimum clinically important
difference for any relevant scale and/or score used, in order to
examine whether they represent a significant improvement of
the patients' status.

In our opinion, the general hypothesis that an autologous
product rich in growth factors, cytokines and extracellular
vesicles (47) may promote postoperative healing and accom-
modate rehabilitation and return of function may have not
yet been rejected. PRP contains a huge array of different
cells and growth factors, and the possibilities of utilizing it
in treatment of different conditions have not yet been fully
studied. It is understood that platelets, platelet-adhesive
molecules and leucocytes contained in PRP have a pivotal
role in modulation of the immune response, both innate and
adaptive. In addition, platelets are involved in regulation of
serotonin (5-hydroxytryptamine, 5-HT), which has a critical
role in the central nervous system, including pain toler-
ance and in different paracrine and autocrine mechanisms.
Furthermore, the components of PRP have been shown to have
analgesic effects and promote angiogenesis (18). The choice
of the correct biological therapy may be critical, as different
autologous platelet concentrates can have different character-
istics. First of all, the exact composition of PRP products can
vary to a measurable degree. It is under discussion, whether
gel-like fibrin or liquid plasma has superior results, as well as
whether leucocyte-poor or leucocyte-rich PRP is preferable.
Furthermore, there is a lack of a comprehensive classification
system of PRP with wide scientific consensus (18). As high-
lighted by Barber (48), platelets primarily enhance anabolic
signalling, whereas leucocytes contribute to catabolic signal-
ling. This distinction arises because leucocyte-rich PRP
contains elevated levels of matrix metalloproteinase-9 and
interleukin-1f, both of which are inflammatory catabolic
mediators potentially harmful to tendon repair. Increased
inflammatory responses, as well as increased angiogenesis
have been observed seven days following treatment with
leucocyte-rich PRP in comparison to leucocyte-poor PRP
in rat models (49). Furthermore, preparations with higher
leucocyte concentrations have been associated with less
favourable clinical outcomes (50), manifesting as greater
early disruption of tendon architecture, increased vascularity,
and fibrosis. These findings suggest that leucocyte-poor PRP
may provide superior conditions for tendon healing. Such an
approach can be supported by a 2020 consensus statement
by French-speaking experts (51), where leucocyte-poor PRP
was recommended for the treatment of knee osteoarthritis,
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although the recommendation achieved relative agreement.
Under the light of this information, a PRP without a high
leucocyte count was preferred for the assessment of tendon
healing in our study. The PRP product that was used in our
study is expected to fall under the leucocyte-poor category
based on the preparation technique. However, laboratory
testing of cell concentration and specific composition of each
dosage was not performed to have more specific data. On the
other hand, there are studies in the literature with results that
are conflicting to the above data. An example is the studies
analyzed by Chen (19), which show improved results in the
Constant-Murley score for leucocyte-rich PRP, with other-
wise no statistical differences between the results after the
administration of leucocyte-poor and -rich PRP. Secondly,
it has been demonstrated that PRP, platelet-rich fibrin and
‘advanced’ platelet-rich fibrin (which is centrifuged at lower
speeds for alonger time period) differ in growth factor release.
In a study conducted by Kobayashi et al (52), platelet-rich
plasma (PRP) was shown to release significantly higher
concentrations of growth factors at early time points, whereas
platelet-rich fibrin (PRF) and advanced platelet-rich fibrin
(A-PRF) exhibited a more sustained release of growth factors
over a period of up to ten days. Notably, the newer A-PRF
formulation released significantly greater total amounts of
growth factors compared to traditional PRF (52). Similarly,
research by Masuki ef al (53) demonstrated that both A-PRF
and concentrated growth factor (CGF) extracts contained
comparable or higher platelet and platelet-derived growth
factor levels than PRP. Additionally, in vitro assays revealed
that both A-PRF and CGF extracts significantly promoted
the proliferation of human periosteal cells, maintaining
efficacy even at higher concentrations without notable cyto-
toxicity (53). A quite interesting study by Chevrier et al (54)
in large animals (ewes) using chitosan-PRP had positive
results regarding rotator cuff tendon healing and the prod-
uct's safety. Unfortunately, a lot of the studies in the literature
do not provide enough information on their protocols for
preparation of PRP, making protocol reproducibility and
PRP product comparison difficult. We have to acknowledge
that measuring specific cell and cytokine count of the PRP
product used in such studies may provide interesting results,
as it could help correlate any clinical findings to the cellular
and molecular level. It could be stated that the fact that such
data could not be extracted in our study is a weakness of
the present study. Unfortunately, to our knowledge, most of
similar studies have not reported such data. As an example,
out of the 28 studies assessed in a meta-analysis published
in 2023 (20), only 4 performed a laboratory test of platelets
and white blood cells of the PRP product administered to the
patient.

Another important consideration when comparing
in vivo and in vitro studies is the variability in growth factor
concentrations among different donors. Moreover, given the
growing aging population increasingly undergoing regen-
erative treatments, it is anticipated that this variability will
be further amplified due to factors associated with advanced
age, including a higher prevalence of systemic diseases and
concomitant medication use (52).

In addition, a prolonged postoperative healing
process may require a longer therapeutic scheme than the

single-dosage scheme that we have utilized. It has been indi-
cated that multiple PRP injections are more effective than
one injection for the treatment of knee osteoarthritis (55-57).
To our knowledge, such data on shoulder PRP injections may
be scarce and it would be worth investigating multiple dosage
schemes. The disadvantage of this strategy is that it would
further increase the overall therapy cost. In a meta-analysis
and cost-effectiveness analysis by Vavken et al (50), it has
been estimated that although PRP treatment may reduce
retear rates of small- and medium-sized tears, its use is
not cost-effective concerning its clinical benefits. As this
analysis refers to the costs and prices in the United States of
America (USA) more than a decade before the submission of
this article (2013), this aspect needs to be taken into account
by future studies, in order to determine the clinical value of
such treatments. Another factor to be taken into account was
the timing of the PRP treatment in accordance to the surgical
repair of the rotator cuff. In a recent systematic review and
meta-analysis (20) of studies assessing the PRP augmenta-
tion of surgical repair of rotator cuff tear, all of the 25 studies
administered the PRP products either intraoperatively or
within the first two weeks of surgery. More specifically, the
majority of the reviewed studies (22 of 25 trials) employed
a single-dose treatment protocol, with the biologic product
administered intraoperatively following tendon repair and
prior to wound closure through the arthroscopic portals.
In one study, an additional postoperative dose was admin-
istered one week after surgery. Another study investigated
the effects of a single dose administered 10-14 days post-
operatively, whereas a separate trial evaluated a two-dose
PRP regimen delivered at one and two weeks following
the surgical procedure. This timing can be justified by the
necessity to administer the treatment before the completion
of the proliferative stage (which lasts from the first to the
third week after injury or surgical repair) and the beginning
of the tissue remodeling stage of tendon healing (four weeks
after injury or surgical repair), as they are described in the
literature (58). The timing of the postoperative MRI imaging
is another factor to be taken into consideration. A systematic
review and meta-analysis by Longo et al (59) showed postop-
erative rotator cuff retear rates of 15% at 3 months follow-up,
21% at 3-6 months follow-up, 16% at 6-12 months follow-up,
21% at 12-24 months follow-up, 16% at follow-up longer
than 24 months. Based on these findings, imaging follow-up
to assess retears seems plausible at either approximately
6 months postoperatively, as was performed in our study,
or between the first and the second year after arthroscopic
repair. To the authors' knowledge, there are no clinical
studies that directly compare dosage schemes and timing of
PRP treatment for rotator cuff pathology. As a result, the data
available is too heterogeneous to have clear guidelines on the
optimal treatment protocol. Since our protocol has not shown
clear advantages over different protocols from previous
trials, we cannot advocate for the protocol chosen over
intraoperative injections, different timing or multiple injec-
tions. Since the data available is rather inconclusive, further
research on the subject with high-quality studies is necessary.
Furthermore, it has to be noted that the follow-up results in
this study are limited to twelve months postoperatively. A
continuation of the follow-up to 24 months postoperatively
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is ongoing and may provide further interesting data to be
published in the future.

In conclusion, the results of the present study are not
sufficient to confirm that PRP augmentation of arthroscopic
rotator cuff repair provides significant advantages on the
clinical outcome when compared to the standard arthroscopic
cuff repair. As a result, the existing evidence cannot yet
sufficiently support the standardizing of PRP augmentation
of rotator cuff repair. However, certain aspects of our study
leave room for optimism on the matter, as the patients treated
with PRP showed a trend towards less new rotator cuff tears
in the postoperative period. In addition, a prolonged period
of statistically significant improvement was observed on the
treatment group between three and six months postoperatively.
Additional, thoroughly organised future studies with larger
patient samples and adequate follow-up that take into account
tear characteristics, different PRP compositions, treatment
timing and/or dosage schemes may provide definite results.
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