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Treatment of Subacromial Impingement
Syndrome: Platelet-Rich Plasma or
Exercise Therapy?
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Background: Subacromial impingement syndrome (SAIS) is the most common disorder of the shoulder. The evidence for the
effectiveness of treatment options is inconclusive and limited. Therefore, there is a need for more evidence in this regard, par-
ticularly for long-term outcomes.

Hypothesis: Platelet-rich plasma (PRP) would be an effective method in treating subacromial impingement.

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

Methods: This was a single-blinded randomized clinical trial with 1-, 3-, and 6-month follow-up. Sixty-two patients were randomly
placed into 2 groups, receiving either PRP or exercise therapy. The outcome parameters were pain, shoulder range of motion
(ROM), muscle force, functionality, and magnetic resonance imaging findings.

Results: Both treatment options significantly reduced pain and increased shoulder ROM compared with baseline measurements.
Both treatments also significantly improved functionality. However, the treatment choices were not significantly effective in
improving muscle force. Trend analysis revealed that in the first and third months, exercise therapy was superior to PRP in pain,
shoulder flexion and abduction, and functionality. However, in the sixth month, only shoulder abduction and total Western Ontario
Rotator Cuff score were significantly different between the 2 groups.

Conclusion: Both PRP injection and exercise therapy were effective in reducing pain and disability in patients with SAIS, with
exercise therapy proving more effective.
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The incidence of subacromial impingement syndrome
(SAIS) increases as the population ages.38 SAIS is the most
common disorder of the shoulder, accounting for 44% to
65% of all complaints of shoulder pain,7,38,40 and results
from an inflammation and degeneration of the anatomic
structures in the subacromial space.21,31 Some of the struc-
tures that can be impaired include the subacromial bursa,
tendons of the rotator cuff, coracoacromial ligament, and
long head of the biceps.

There are 2 types of treatment for SAIS: nonsurgical and
surgical. Some of the nonsurgical treatment options that are
recommended include exercise therapy, subacromial cortico-
steroid injection, rest, nonsteroidal anti-inflammatory drugs
(NSAIDs), physical modalities (eg, therapeutic ultrasound,
electrotherapy, manual therapy), and taping.7,18,31,37

The use of platelet-rich plasma (PRP) as a biological solu-
tion for injuries to tendons of the rotator cuff has achieved
popularity over the past several years.7 PRP is blood plasma
with a high platelet concentration that, once activated,
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releases various growth factors involved in the tissue
repair process.15 There is some evidence demonstrating a
positive effect of PRP in tendinopathies4,12 and osteo-
arthritis of the knee3; however, the evidence in rotator cuff
tendinopathy is limited.

In spite of increased PRP use in clinical settings, we
found only 3 randomized controlled trials that evaluated
the effectiveness of PRP injection in treating rotator cuff
tendinopathy nonsurgically.24,35,39

On the other hand, although inconclusive, current evi-
dence suggests that physical therapy is effective in treating
patients with SAIS.1,10,14,23,26,27,30,34 For those patients
who seek nonsurgical treatment in the early stages of SAIS,
therapeutic exercise combined with other therapies (eg,
Kinesio taping, acupuncture, localized corticosteroid injec-
tion, and ultrasound) is recommended.7 However, there is a
need for further evidence of the effectiveness of both PRP
and exercise in treating patients with SAIS. We conducted
a randomized controlled trial (RCT) comparing PRP injec-
tions with exercise therapy. Our hypothesis was that PRP
would be more effective at reducing pain and improving
function than exercise therapy.

METHODS

Study Design

This study was a parallel-group, single-blinded RCT
with 1-, 3-, and 6-month follow-ups conducted from April
2013 to October 2014. All clinical assessments and treat-
ments were performed at a university hospital in Tehran,
Iran. This study was approved by the ethics committee of
Iran University of Medical Science, and all participants
provided informed consent. The trial was registered in the
Iranian Registry of Clinical Trials.

Sample Size

With the repeated-measures design of the study in mind,
G*Power 3.1.5 software (Heinrich-Heine-Universität
Düsseldorf) was used to calculate the required sample size.
We considered an effect size equal to 0.4 in our sample size
calculation. Based on a power of 80% and a 2-tailed a of .05,
we calculated that the sample size required per group was
18. Assuming a 15% loss to follow-up, the final sample size
required was 21 patients per group.

Patient Recruitment

For the purposes of recruiting patients, advertising pos-
ters were put up in several local hospitals. Moreover, a
number of medical practitioners interested in shoulder
pathologies were notified of the objectives of the study by
email and were asked to introduce their patients to us. A
total of 72 volunteer patients came forward. SAIS was
diagnosed via a clinical assessment. Patients underwent
shoulder magnetic resonance imaging (MRI) for diagnosis
confirmation. The 3-mm cuts were taken in T1-weighted,
T2-weighted, proton density sequences in 3 planes (sagittal,

coronal, and axial) using a 1.5-T MAGNETOM Essenza, a
Tim system MRI (Siemens).

Of these 72 patients, 62 were included in this study
(Figure 1). The inclusion criteria were (1) a minimum age
of 40 years, (2) shoulder pain lasting at least 3 months prior
to the study, (3) platelet count of more than 100,000, and
(4) positive result in at least 3 of the following tests: empty
can test, Speed test, Jobe test, Neer impingement sign, and
Hawkins-Kennedy test. Exclusion criteria consisted of
(1) radicular pain; (2) presence of pathologies such as frozen
shoulder, calcific tendinitis, biceps dislocation, and a superior
labrum anterior posterior lesion; (3) previous surgery within
6 months; (4) inflammatory diseases such as rheumatoid
arthritis, polymyalgia rheumatica, or fibromyalgia; (5) full-
thickness rotator cuff tear on MRI; (6) ligamentous laxity
(positive sulcus test) or shoulder dislocation (positive appre-
hension test); (7) corticosteroid injection within 3 months
prior to the study; (8) physical therapy 6 months prior to
the study; (9) fear of MRI; and (10) contraindication to MRI.

Group Allocation

Because of the possibility of sample attrition, all 62 patients
who had already met the inclusion criteria were recruited
for this study. To eliminate the effect of confounding

Figure 1. The CONSORT (Consolidated Standardsof Reporting
Trials) flowchart of the study.
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variables in the design stage, SAIS stage in shoulder MRI
was considered as a confounder; thus, 2 different sequences
were used to randomly allocate patients into the treatment
groups: the first sequence for stages 1 and 2 and the second
sequence for patients with stage 3 SAIS (only partial tear).
After assessing the MRI findings for each patient, we used
the proper sequence of randomization. After that, random
number generator software was used for randomization. In
this single-blinded RCT, only the assessor was blinded to
group assignment. One group received PRP injections and
the other exercise therapy. The CONSORT (Consolidated
Standards of Reporting Trials) flowchart of the study is
given in Figure 1.

Interventions

Participants were requested to refrain from receiving other
forms of intervention for 6 months. They were, however,
advised to take 500 mg of paracetamol if the pain in their
shoulder during rest was more than a 5 on 10-point visual
analog scale (VAS). Patients were also advised to avoid
painful activities and to continue their usual daily activities
during the study.

Platelet-Rich Plasma Group. Patients in the PRP group
were injected twice: once at the beginning of the study and
again 1 month after the first visit. On each occasion, an
aliquot of 25 mL of venous blood was collected from each
patient using a syringe containing 2.5 mL of anticoagulant
citrate dextrose solution. The samples were projected into a
Tubex Autotube System (Moohan Enterprise) and were
centrifuged at 1300 rpm for 10 minutes. The separated
plasma was subsequently centrifuged at 2770 rpm for 8 min-
utes. As a result, 5 mL of PRP was prepared. One milliliter of
this PRP was sent to a laboratory for platelet counting. It
was revealed that the obtained PRP had a platelet concen-
tration of approximately 900,000 ± 15,000 platelets per mm3,
almost 3 times the size of the baseline blood platelet count.
The leukocytes obtained from the centrifugation were also
measured to be 5000 to 10,000 per mm3.

The remainder of the obtained PRP (4 mL) was injected
into the injured tendons under sterile conditions without
any activator within 30 minutes of centrifugation. More
specifically, 3 mL of PRP was injected into the partial tear
in the tendon or, in the case of patients with tendinopathy,
into hypoechogenic areas using an 18-gauge catheter guided
by a 10-MHz ultrasound machine (Mindray). The other 1 mL
was injected into the subacromial space from the lateral
posterior side of the arm at an angle of 45� to the horizon
without ultrasound guidance.

Patients were advised to avoid ice packs and excessive
use of their shoulder joint within 48 hours after injection. In
addition, they were asked not to take NSAIDs or aspirin for
a period of 12 days, starting from 1 week before the injection
and ending on the fifth day after injection. They were also
asked not to eat onion, garlic, or dogwood over the same
period, as these foods are known to affect platelet counts.
They did not participate in exercise therapy for 6 months.

Exercise Therapy Group. Patients in the exercise ther-
apy group received supervised exercise therapy in the hos-
pital once a week for 3 months and performed the therapy

exercises at home on the other days of the week. After
this supervised period, the hospital program was termi-
nated, but the patients were asked to continue the exer-
cises at home for 6 months. No supervision was provided
during this latter period.

Each exercise session began with warm-up aerobic activ-
ities lasting for 10 to 15 minutes and ended with ice packs
being applied on the affected areas for 20 minutes to relieve
pain. A number of images showing how each exercise
should be performed were also provided.

The exercises were performed in 4 phases (see the
Appendix). Each patient, depending on his or her condi-
tion, started with phase 1 and progressed to phase 4.
Phase 1 was aimed at achieving passive range of motion
(ROM) without pain. For this purpose, the isometric shoul-
der exercise and the passive ROM exercise were per-
formed in all directions 8 to 10 times per day. Postural
exercises (eg, chin tuck and scapular retraction) and gleno-
humeral ROM exercises were also performed 15 to 20 times
per day. In the event of a 50% increase in the ROM, the
active-assistive ROM exercise was performed in all direc-
tions with the help of a strap. Also in this phase, cross-body
and neck stretches were performed 4 times a day, each for a
length of 10 seconds. Mobilization exercises were performed
once per week.

When a patient was able to perform the passive and
active-assistive ROM exercises fully and painlessly, phase
2 (active ROM exercises) began. Shoulder abduction or
scaption (scapular plane elevation) was performed by ele-
vating the arm in the scapular plane to an angle of less than
60�. Strength training was performed on the external and
internal rotator cuff muscles while the arms were placed at
the sides of the body. This exercise was in the form of 3 sets
per day, each with 10 repetitions. The stretching exercises
performed in phase 1 were also performed in phase 2, but
their duration was increased to 15 to 20 seconds.

The aim of phase 3 was to strengthen the muscles of the
rotator cuff and scapula. Scaption was performed at an angle
greater than 60�. The exercises intended to strengthen the
rotator cuff muscles responsible for external and internal
rotation of the humerus were performed at a 90� angle to
shoulder abduction. The reverse-fly, shoulder extension,
and bent-over row exercises were performed using an
elastic band or a 1- to 1.5-kg weight in 3 sets of 10 repeti-
tions each.

In phase 4, the exercises intended to train the scapular
muscles were performed using a medicine ball. The exer-
cises for strengthening the muscles of the rotator cuff and
biceps were performed in 3 sets of 15 repetitions with a
gradual increase of 25% to 50% in external resistance.

Outcome Parameters

The primary outcome parameter was pain. In addition to
baseline measurement, patients underwent follow-up 1, 3,
and 6 months later. Pain was measured using a 10-point
VAS, with higher scores on the scale showing more pain.

The secondary outcome parameters were shoulder ROM,
muscle strength, patient-reported outcome measures
(Disabilities of the Arm, Shoulder, and Hand [DASH] and

The Orthopaedic Journal of Sports Medicine PRP in Impingement Syndrome 3



Western Ontario Rotator Cuff Index [WORC]), and MRI
findings. As for shoulder-active ROM, a goniometer was
used to measure flexion, extension, abduction, internal
rotation in 90� of shoulder abduction, and external rota-
tion in 90� of shoulder abduction. Muscle strength was
assessed for shoulder flexion, abduction, and internal
rotation via manual muscle strength testing and was mea-
sured on a scale from 0 (no active ROM) to 5 (full active
ROM).36

The WORC consists of 21 items in 5 categories: pain and
physical symptoms, sports and recreation, work, lifestyle,
and emotions. If a category score is closer to 100, the shoul-
der is in a poorer condition. However, a total score that is
closer to 100 indicates that the shoulder is in a better
condition.33

The DASH questionnaire contains 30 items and mea-
sures the ability to do various activities of the upper
extremities, including carrying loads and tools, overhead
activities, key turning, writing, and many other activities
of daily living. As the DASH score gets closer to 100, the
shoulder is considered to be in a poorer condition.32

MRIs of each patient were taken at the beginning of the
study and again 6 months later. A musculoskeletal radiol-
ogist who had more than 10 years of experience assessed
the MRIs of the patients for signs of tendinopathy (ie, signal
change without loss of tendon integrity), partial tears in the
tendons of the biceps or the rotator cuff (ie, partial tears
involving less than 50% of the tendon thickness), or pathol-
ogies in the subacromial space such as bursitis. The differ-
ence between baseline and follow-up observations was
classified as either improvement, no change, or worsening.

Statistical Analysis

Data obtained from the patients were analyzed using
Stata software (version 12; StataCorp). Normal distribu-
tion of the continuous variables was determined using the
Shapiro-Wilk test. The data pertinent to these variables
are shown as either mean ± SD or median, as appropriate.
The categorical variables were analyzed using the chi-
square test.

Pretreatment differences between the 2 groups were
determined using t tests. To determine the treatment
effect, the data were analyzed using either a random-
effects mixed model or a generalized estimating equations
model, as appropriate. For all tests, statistical significance
was set at an a level of <.05 (2-tailed).

RESULTS

Compliance

Patients receiving exercise therapy exhibited good compli-
ance with treatment throughout the study period: 68.96%
of the patients in the exercise group attended the 3-month
course of exercise therapy (at home and in the hospital).
They followed virtually all instructions. Patients in the
PRP group also exhibited good compliance: 77.27% of them
had both injections performed.

Effect of Treatment

The difference between the 2 groups was not significant at
the beginning of the study considering the variables in
question (Table 1). Both treatments resulted in improve-
ment in pain (VAS) and function (total WORC and DASH)
scores. The improvement in all areas of shoulder ROM was
significant in the exercise group, but for the PRP group it
was significant in all areas except external rotation.
Improvement in muscle force did not reach significance.

Tables 2 to 4 and Figures 2 to 4 show the effect of treat-
ment, time, and differences between groups. As can be seen
in Table 4, the 2 study groups were significantly different in
some parameters. At the 1-month follow-up, the exercise
group saw better results than the PRP group in VAS, total
WORC, abduction ROM, and force of internal rotation. At
the 3-month follow-up, the exercise group had better
results than the PRP group in VAS, total WORC, DASH,

TABLE 1
Baseline Characteristics of the Participants

in the 2 Study Groupsa

Variable
PRP

(n ¼ 22)
Exercise
(n ¼ 20)

P
Value

Age, y, mean ± SD 52.5 ± 7.3 53.9 ± 10.6 .61
Female patients, n (%) 13 (59.09) 14 (70.00) .46
Right side affected, No. of

patients (%)
12 (54.54) 10 (50.00) .78

Pain (VAS), mean ± SD 8.1 ± 1.7 7.0 ± 2.3 .09
ROM, deg, mean ± SD

Flexion 91.1 ± 40.6 113.1 ± 46.2 .10
Extension 43.9 ± 15.0 47.25 ± 10.7 .42
Abduction 69.8 ± 35.4 80.1 ± 39.5 .37
Internal rotation 19.5 ± 25.0 18.7 ± 11.6 .89
External rotation 89.9 ± 15.2 76.2 ± 28.5 .06

Muscle force, No. of
patients (%)b

Flexion 10 (45.45) 15 (75.00) .06
Abduction 10 (45.45) 15 (75.00) .06
Internal rotation 10 (45.45) 15 (75.00) .06

Total WORC, mean ± SD 33.9 ± 13.1 42.98 ± 21.0 .10
DASH, mean ± SD 54.2 ± 18.6 50.5 ± 19.4 .53
MRI findings, No. of

patients (%)
Tendinopathy of the

supraspinatus
5 (22.72) 6 (30.00) .72

Partial tear of the
supraspinatus

16 (72.72) 14 (70.00) .49

Tendinopathy of the
biceps

3 (13.63) 5 (25.00) .43

Acromiohumeral distance
<10 mm

5 (22.72) 6 (30.00) .72

Partial tear of the
subscapularis

1 (4.54) 0 .31

aDASH, Disabilities of the Arm, Shoulder, and Hand score;
MRI, magnetic resonance imaging; PRP, platelet-rich plasma;
ROM, range of motion; VAS, visual analog scale; WORC, Western
Ontario Rotator Cuff Index.

bMuscle force indicates the number of patients who have full
force (a score of 5 on a 0-5 scale via manual muscle strength testing).
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abduction ROM, forward flexion ROM, force of flexion, force
of internal rotation, and force of abduction. Finally, at the
6-month follow-up, the exercise group had better results
than PRP only for total WORC and abduction ROM.

MRI Findings

A total of 38 patients (20 PRP, 18 exercise therapy)
agreed to undergo both MRIs, one at the beginning of
the study and the other 6 months after the study began.
According to the MRI data obtained, none of the patients
underwent any change in the pathology of the biceps or
the acromiohumeral distance. Improvement in the
appearance of supraspinatus tendinopathy was seen in
4 patients (3 PRP [P ¼ .06] and 1 exercise therapy [P ¼
.1]). Chi-square tests yielded P ¼ .34, which indicated no
significant difference between the 2 methods according
to rate of improvement.

DISCUSSION

The main finding of the present research was that the
shoulder pain emanating from SAIS can be reduced through
either PRP injection or exercise therapy. At final follow-up,
there was no significant difference between the 2 groups in
our primary outcome measure (pain), but the exercise ther-
apy group had significantly higher WORC scores and
abduction ROM.

The use of PRP in the surgical treatment of rotator cuff
tendinopathy has been shown to expedite healing.16,22,25,41,42

However, a study found that the nonsurgical use of PRP
injection neither reduces pain nor improves functionality
any better than placebo in patients with tendinopathy or

partial tear of the rotator cuff who received exercise
therapy.24 In the current study, 2 PRP injections were
given 30 days apart. The injections were made both into
areas of tendinopathy and into the bursa. The continued
clinical improvement seen in our patients could be related
to the difference in PRP technique.

The improved results obtained during the 3-month
follow-up could be related to a delayed effect of the first
PRP injection or to a boosting effect of the second injection.
These results echo those reported by Rha et al39 but dis-
agree with the findings of Randelli et al,37 who reported
that the effect of PRP injection decreased after 3 to 6
months as well as after 12 months. This difference can
be attributed to the fact that the patients in the study by
Randelli et al37 received only 1 PRP injection whereas in
the present study and in that by Rha et al,39 there were
2 injections administered. Another explanation is that
while the present research evaluated the effect of PRP in-
jection on partial rotator cuff tears, Randelli et al37 studied
the effect of PRP injection on full-thickness rotator cuff
tears. Similarly, in studies that investigated the effect of
PRP injection on full-thickness rotator cuff tears,5,6,41

PRP injection failed to prove effective in reducing pain and
improving shoulder functionality.

The inconclusive results reported in the literature about
the effect of PRP injection are also attributable to the fact
that different studies use different formulations of PRP. For
instance, there is controversy about the use of leukocyte-rich
PRP (L-PRP). Whereas some studies have claimed that
L-PRP has the antibacterial property of regulating immu-
nity and is the preferred treatment for pain relief in the
medium- and long-term,2,13 some researchers believe that
the presence of leukocytes in PRP is a cause of inflammation,
and the likelihood of repair decreases as the inflammation at

TABLE 2
The Effect of Treatment and Time in the 2 Study Groupsa

1st Month 3rd Month 6th Month P Value

Variable
PRP

(n ¼ 22)
Exercise
(n ¼ 20)

PRP
(n ¼ 22)

Exercise
(n ¼ 20)

PRP
(n ¼ 22)

Exercise
(n ¼ 20)

Effect of
Treatment

Effect of
Time

Pain (VAS) 6.2 ± 0.4 4.8 ± 0.4 6.5 ± 0.4 5.2 ± 0.4 4.5 ± 0.4 4.2 ± 0.4 <.01 <.01
ROM, deg

Flexion 126.8 ± 7.4 147.1 ± 7.7 129.8 ± 7.4 154.9 ± 7.7 143.6 ± 7.4 158.4 ± 7.7 <.01 <.01
Extension 54.6 ± 2.5 53.9 ± 2.7 57.2 ± 2.5 59.7 ± 2.7 56.5 ± 2.5 59.6 ± 2.7 .27 <.01
Abduction 103.5 ± 8.7 129.2 ± 9.2 103.4 ± 8.7 138.5 ± 9.2 118.8 ± 8.7 146.5 ± 9.2 <.01 <.01
Internal rotation 35.0 ± 5.1 43.2 ± 5.3 43.5 ± 5.1 55.5 ± 5.3 57.4 ± 5.1 62.2 ± 5.3 .10 <.01
External rotation 93.1 ± 3.9 88.0 ± 4.1 91.1 ± 3.9 95.0 ± 4.1 92.0 ± 3.9 95.5 ± 4.1 .31 .03

Muscle force, No. of
patients (%)b

Flexion 16 (72.72) 19 (95.00) 20 (90.90) 19 (95.00) 21 (95.45) 19 (95.00) .12 .31
Abduction 16 (72.72) 19 (95.00) 20 (90.90) 18 (90.00) 21 (95.45) 19 (95.00) .12 .30
Internal rotation 15 (68.18) 19 (95.00) 20 (90.90) 19 (95.00) 21 (95.45) 19 (95.00) .10 .31

Total WORC 45.9 ± 4.1 59.6 ± 4.4 46.4 ± 4.1 68.4 ± 4.4 58.7 ± 4.1 73.1 ± 4.4 <.01 <.01
DASH 45.1 ± 3.9 35.0 ± 4.1 44.3 ± 3.9 30.7 ± 4.1 33.0 ± 3.9 26.2 ± 4.1 <.01 <.01

aValues are expressed as mean ± SD unless indicated otherwise. DASH, Disabilities of the Arm, Shoulder, and Hand score; PRP, platelet-
rich plasma; ROM, range of motion; VAS, visual analog scale; WORC, Western Ontario Rotator Cuff Index.

bMuscle force indicates the number of patients who have full force (a score of 5 on a 0-5 scale via manual muscle strength testing).
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the site of injection increases.11,28,29 In the present research,
the leukocyte content of the injected PRP was 1 to 1.5 times
as high as that of the baseline PRP, suggesting that the
presence of leukocytes does not disturb the healing process.

A final point to reiterate is that we found no significant
effect of PRP injection on external rotation ROM, a condi-
tion also observed by Kesikburun et al,24 while in the exer-
cise group, external rotation ROM was improved similar to
other ranges of shoulder motion. We believe that this could

be because the amount of external rotation in the PRP
group was nearly in the normal range at the baseline
(89.9�) but in the exercise group it was 76.2�, which was
improved by exercise and mobilization.

The present study also provides more evidence in sup-
port of a healing effect of exercise therapy in patients with
SAIS. Similarly, the results of other studies23,26,27 indicate
that exercise alone is an effective way of reducing pain and
improving functionality in such patients. However, unlike

TABLE 3
Change in Outcome Parameters From Baseline to Follow-up for the PRP and Exercise Groupsa

Variable PRP Exercise

Pain (VAS)
1st month �1.86 (�2.84 to �0.88) �2.15 (�3.18 to �1.12)
3rd month �1.60 (�2.57 to �0.61) �1.80 (�2.83 to �0.77)
6th month �3.60 (�4.57 to �2.68) �2.80 (�3.83 to �1.77)

ROM, deg
Flexion

1st month 35.77 (22.31 to 49.23) 34.00 (19.88 to 48.12)
3rd month 38.77 (25.31 to 52.23) 41.85 (27.73 to 55.96)
6th month 53.63 (39.17 to 66.09) 45.30 (31.18 to 59.41)

Extension
1st month 10.63 (4.91 to 16.35) 6.65 (0.65 to 12.64)
3rd month 13.31 (7.59 to 19.03) 12.45 (6.45 to 18.44)
6th month 12.60 (6.87 to 18.30) 12.40 (6.40 to 18.39)

Abduction
1st month 33.68 (17.92 to 49.44) 49.10 (32.57 to 65.62)
3rd month 33.59 (17.83 to 49.34) 58.35 (41.82 to 74.87)
6th month 49.04 (33.28 to 64.80) 66.35 (49.82 to 82.87)

Internal rotation
1st month 15.50 (5.92 to 25.07) 24.55 (14.50 to 34.59)
3rd month 24.04 (14.46 to 33.62) 36.80 (26.75 to 46.84)
6th month 37.90 (28.33 to 47.48) 43.55 (33.50 to 53.59)

External rotation
1st month 3.27 (�2.19 to 8.73) 11.75 (6.07 to 17.48)
3rd month 1.45 (�4.01 to 6.91) 18.75 (13.01 to 24.48)
6th month 2.09 (�4.01 to 7.55) 19.25 (13.51 to 24.98)

Muscle force score
Flexion

1st month 0.31 (0.15 to 0.47) 0.13 (0.02 to 0.24)
3rd month 0.46 (0.30 to 0.62) 0.16 (0.03 to 0.30)
6th month 0.49 (0.33 to 0.66) 0.17 (0.03 to 0.31)

Abduction
1st month 0.31 (0.14 to 0.47) 0.13 (0.01 to 0.25)
3rd month 0.41 (0.24 to 0.58) 0.16 (0.02 to 0.30)
6th month 0.48 (0.31 to 0.65) 0.18 (0.03 to 0.33)

Internal rotation
1st month 0.28 (0.12 to 0.44) 0.11 (0.01 to 0.22)
3rd month 0.46 (0.30 to 0.62) 0.15 (0.02 to 0.29)
6th month 0.50 (0.34 to 0.66) 0.16 (0.02 to 0.30)

Total WORC
1st month 11.92 (3.81 to 20.03) 16.65 (8.14 to 25.16)
3rd month 12.44 (4.33 to 20.55) 25.46 (16.95 to 33.97)
6th month 24.73 (16.62 to 32.84) 30.10 (21.59 to 38.60)

DASH
1st month �9.14 (�16.46 to �1.82) �15.47 (�23.15 to �7.80)
3rd month �10.00 (�17.32 to �2.68) �19.84 (�27.52 to �12.16)
6th month �21.20 (�28.52 to �13.88) �24.35 (�32.03 to �16.67)

aValues are expressed as mean difference together with 95% confidence interval in parentheses. DASH, Disabilities of the Arm, Shoulder,
and Hand score; PRP, platelet-rich plasma; ROM, range of motion; VAS, visual analog scale; WORC, Western Ontario Rotator Cuff Index.
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our research, Fleming et al17 and Kuhn27 did not report a
significant improvement in shoulder ROM. This dissimilar-
ity is perhaps because our exercise protocol focused on both
passive and active-assistive exercises and shoulder

mobilization in phase 1, but in some of the RCTs evaluated
in the study by Kuhn,27 the exercise protocol was limited to
pendulum exercises.

We also observed the greatest level of pain relief and the
largest increase in flexion, extension, and abduction ROM
in the first month of treatment, and this effect improved
with the passage of time, as observed 6 months after the
first visit. Similar findings are reported in the literature
with regard to the positive short-term (6-12 weeks) role of
exercise therapy in reducing pain, strengthening the mus-
cles of the rotator cuff, stabilizing the scapula, and increas-
ing shoulder ROM on pain reduction.10,20,30

From another perspective, the frequency at which exer-
cise therapy was provided in the present research was 5
times a week, and the findings align with those of Calis
et al,10 who showed that completing exercises 5 days a week
for 3 weeks significantly increased flexion, abduction, inter-
nal rotation, and external rotation ROM and improved

TABLE 4
Difference in Outcome Parameters at Follow-up Between the PRP and Exercise Groupsa

Variable

1st Month 3rd Month 6th Month

Mean
Difference 95% CI

P
Value

Mean
Difference 95% CI

P
Value

Mean
Difference 95% CI

P
Value

Pain (VAS) 1.3 0.08 to 2.6 .03 1.3 0.005 to 2.5 .04 0.3 �0.999 to 1.5 .65
ROM

Flexion �20.2 �41.4 to 0.9 .06 �25.1 �46.3 to �3.9 .02 �14.7 �35.9 to 6.4 .17
Extension 5.1 �6.2 to 16.5 .37 �3.6 �15.0 to 7.7 .52 �3.5 �14.8 to 7.8 .54
Abduction �25.7 �50.9 to �0.5 .04 �35.1 �60.2 to �9.9 <.01 �27.6 �52.7 to �2.4 .03
Internal rotation �8.2 �22.9 to 6.4 .26 �11.9 �26.6 to 2.7 .10 �4.8 �19.5 to 9.8 .51
External rotation 0.7 �6.7 to 8.2 .85 �2.4 �9.8 to �4.9 .51 �3.1 �10.4 to 4.2 .40

Muscle force
Flexion 0.09 0.003 to 0.194 .05 0.11 0.02 to 0.21 .01 0.02 0.004 to 0.095 .51
Abduction 0.07 0.02 to 0.17 .18 0.11 0.01 to 0.21 .01 0.04 0.01 to 0.12 .24
Internal rotation 0.11 0.01 to 0.22 .02 0.14 0.04 to 0.24 .006 0.02 0.004 to 0.095 .55

Total WORC �13.7 �25.7 to �1.7 .02 �22.0 �34.0 to �10.0 <.01 �14.3 �26.3 to �2.3 .02
DASH 10.0 �1.09 to 21.1 .07 13.5 2.4 to 24.6 .01 6.8 �4.2 to 17.9 .22

aNegative values in mean difference indicate that the mean score of the domain in the exercise group was lower than in the platelet-rich
plasma group. DASH, Disabilities of the Arm, Shoulder, and Hand score; ROM, range of motion; VAS, visual analog scale; WORC, Western
Ontario Rotator Cuff Index.
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Figure 2. Comparison of flexion range of motion (ROM)
between the 2 groups. PRP, platelet-rich plasma.

Figure 3. Comparison of total Western Ontario Rotator Cuff
Index (WORC) between the 2 groups. PRP, platelet-rich plasma.
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Figure 4. Comparison of pain visual analog scale (VAS)
between the 2 groups. PRP, platelet-rich plasma.
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functionality. In addition, the results of the present
research, like those of Calis et al,10 indicate that performing
more frequent exercises per week can bring about a more
significant increase in shoulder ROM.

Concerning the prolonged beneficial effect of exercise ther-
apy, our study cannot provide evidence because the length
of the follow-up period was rather limited (ie, a maximum of
6 months). However, Hallgren et al,19 in a clinical trial with a
follow-up of 1 year, found that a specific SAIS exercise proto-
col performed for 3 weeks decreases the need for surgery,
suggesting that the effect of exercise therapy persists for at
least 1 year. In addition, the studies by Brox et al8,9 show that
the effects of 3 to 6 months of strengthening exercises twice
per week continue to be seen for 2.5 years.

The present research found no difference between 3 and
6 months of exercise therapy, which may be because the
benefits of therapy plateau after 3 months. However, super-
vision was discontinued after 3 months in this study. In
other words, it is possible that the patients did not continue
their exercise protocol as prescribed and thereby achieved
minimal improvement throughout the rest of the experi-
ment. This shows the importance of supervised exercise
as a source of motivation.

Finally, the results show that although patients with
SAIS clinically improved as a result of the 2 treatment
options under study, paraclinical (ie, MRI) data hardly
changed. This finding concurs with the results reported in
another study that showed that despite clinical improve-
ment seen with physical therapy, sonography data did not
show any tangible change even 9 months after treatment.34

Limitations

As with any research, our study is not without limitations.
A major limitation was the absence of a control group with-
out treatment or with placebo injection. Other limitations
included the short length of the follow-up period and crude
measurement of muscle strength (manual muscle testing
instead of a dynamometer).

CONCLUSION

This study showed that both PRP injection and exercise ther-
apy can significantly reduce pain and improve shoulder ROM
and functionality in patients with SAIS, with these beneficial
effects lasting for 6months. In spiteof our hypothesis, exercise
therapy was found to be more effective than the other treat-
ment option until 3 months after initiation. Moreover, neither
treatment choice significantly improved shoulder muscle
force. What is more, even though the treatments resulted
in clinical improvement, MRI findings did not change.
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APPENDIX

Four Phases of the Exercise Protocol

Phase 1: Isometric, stretching, pendulum, and passive range of motion exercises.
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Phases 2 and 3: Shoulder active-assisted and active range of motion strengthening exercises for shoulder and scapula.
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Phase 4: Scapular stabilization.
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