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Abstract

Background: Subacromial impingement syndrome is a common cause of
shoulder pain in swimmers and is associated with repetitive overhead activity,
rotator cuff loading, altered scapular mechanics, pain, restricted shoulder
movement, and reduced function. Objective: To compare the effectiveness of
scapular stabilization exercise with shoulder girdle stretching and eccentric rotator
cuff exercise with shoulder girdle stretching in competitive swimmers with
subacromial impingement syndrome. Methods: Sixty competitive swimmers aged
18-30 years with clinically diagnosed subacromial impingement syndrome were
included and randomly allocated to two groups of 30 participants each. Group A
received scapular stabilization exercises with stretching, whereas Group B
received eccentric rotator cuff exercises with stretching. Both groups were treated
for 50 minutes per session, five days per week, for six weeks. Outcomes were
assessed before and after treatment using the Numerical Pain Rating Scale
(NPRS), Shoulder Pain and Disability Index (SPADI), and goniometric shoulder
range of motion. Results: Both groups showed improvement after six weeks. In
Group A, NPRS decreased from 7.90 to 2.07 and SPADI from 71.40 to 47.67.
Shoulder flexion increased from 138.87° to 173.53°, abduction from 130.87° to
171.53°, internal rotation from 50.53° to 68.13°, and external rotation from 58.53°
to 86.13°. In Group B, NPRS decreased from 8.00 to 3.23 and SPADI from 72.23
to 58.36. Shoulder flexion increased from 138.60° to 167.87°, abduction from
130.60° to 165.87°, internal rotation from 50.40° to 64.93°, and external rotation
from 58.40° to 80.93°. Statistically significant pre—post improvements were
reported in both groups, with greater mean improvement in Group A. Conclusion:
Scapular stabilization exercise combined with shoulder girdle stretching produced
greater improvement in pain, disability, and shoulder range of motion than
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eccentric rotator cuff exercise combined with stretching in competitive swimmers
with subacromial impingement syndrome.

Keywords: Subacromial impingement syndrome; scapular stabilization exercise;
eccentric rotator cuff exercise; competitive swimmers; shoulder pain; SPADI;
NPRS.

1. Introduction

Shoulder pain is a frequent musculoskeletal complaint and is particularly relevant in athletes who
repeatedly perform overhead movements. Subacromial impingement syndrome (SAIS) encompasses a
group of painful conditions involving the structures within the subacromial space, including the rotator
cuff tendons and subacromial bursa [1,2]. Clinically, affected individuals commonly report pain during arm
elevation and overhead activity, and symptoms may interfere with both athletic performance and activities
of daily living. The anatomical relationship of the subacromial structures is shown in Figure 1.

Shoulder impingement
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Fig 1: Subacromial space and structures involved in shoulder impingement.

Competitive swimmers are exposed to a particularly high volume of repetitive shoulder motion. Training
may involve approximately 10,000-14,000 m of swimming per day on six or seven days each week,
resulting in thousands of shoulder revolutions with limited recovery time [3,4]. This repetitive loading can
produce cumulative microtrauma and is one reason shoulder pain is common in swimming. A cross-
sectional study among Egyptian swimmers reported a prevalence of subacromial impingement of 37.3%,
while earlier sports-medicine reports have described shoulder problems in approximately 40%—-60% of
swimmers, particularly in freestyle, butterfly, and backstroke events [5,6].

The development of SAIS is multifactorial. Structural narrowing of the subacromial space may
contribute to primary impingement, whereas secondary impingement may arise from altered humeral head
control, muscular imbalance, scapular dyskinesis, and disturbed scapulohumeral rthythm [7-9]. Scapular
position and movement are therefore important components of shoulder function, especially in overhead
athletes. Changes in scapular kinematics can alter the relationship between the humeral head, rotator cuff,
and subacromial structures and may contribute to pain and functional limitation [7,8].

Conservative rehabilitation is commonly recommended as an initial approach for SAIS [10].
Scapular stabilization exercises aim to improve the strength, endurance, and neuromuscular control of the
serratus anterior, trapezius, thomboids, and other muscles that contribute to dynamic scapular control.
Previous studies have reported improvements in pain, posture, shoulder mobility, scapular kinematics, and
functional status following scapular-focused rehabilitation [11,17-20].

Stretching is also relevant in swimmers because anterior shoulder tightness, posterior shoulder
tightness, and muscle imbalance can contribute to altered posture and shoulder mechanics. Stretching of
the posterior capsule and pectoral region has been associated with improved flexibility, reduced pain, and
improved shoulder mobility [12,13,23]. Eccentric strengthening is another commonly used rehabilitation
strategy. During eccentric exercise, the musculotendinous unit lengthens under load, providing a controlled
mechanical stimulus that may improve strength, tendon load tolerance, and function. Eccentric rotator cuff

1509



Shyamala Gandhi et al.,/ Int. J. of Allied Med. Sci. and Clin. Research 14(3) 2026 [1508-1516]

programmes have shown beneficial effects in patients with subacromial pain and rotator cuff tendinopathy
[14,15,21,22].

Although both scapular stabilization and eccentric rotator cuff training have been used in the
management of shoulder impingement, direct comparison of these approaches when combined with the
same shoulder stretching programme is limited, particularly in competitive swimmers. The present study
therefore compared scapular stabilization exercise with shoulder girdle stretching against eccentric rotator
cuff exercise with shoulder girdle stretching in competitive swimmers with SAIS. It was hypothesized that
there would be a difference between the two treatment approaches in pain, disability, and shoulder range of
motion.

2. Materials and Methods
2.1 Study Design and Setting

This experimental comparative study was conducted in the Department of Physiotherapy, Mohamed
Sathak A.J. College of Physiotherapy, Nungambakkam, Chennai. Participants were recruited from the
outpatient department. Individuals clinically diagnosed with subacromial impingement syndrome were
screened for eligibility, informed about the study procedures, and enrolled after providing consent.

2.2 Participants and Group Allocation

A total of 60 participants were included. Eligible participants were competitive swimmers aged 18-30
years, of either sex, with unilateral shoulder pain, pain during overhead activity, a positive Neer test, and a
positive Hawkins—Kennedy test. Participants were excluded if they had a rotator cuff tear, shoulder
instability, previous shoulder surgery, fracture or dislocation around the shoulder, cervical radiculopathy,
neurological disorders, or a steroid injection during the previous six months.

Participants were randomly assigned in a 1:1 ratio to Group A or Group B, with 30 participants in
each group. Group A received scapular stabilization exercises together with shoulder girdle stretching. Group
B received eccentric rotator cuff exercises together with the same shoulder girdle stretching protocol.

2.3 Outcome Measures

Pain intensity was assessed using the 11-point Numerical Pain Rating Scale (NPRS), a practical measure of
clinical pain intensity [24]. The Shoulder Pain and Disability Index (SPADI) was used to assess shoulder-
related pain and disability; the instrument contains 13 items divided into pain and disability domains
[25,26]. Shoulder range of motion was measured using a goniometer. Flexion, abduction, internal rotation,
and external rotation were recorded before and after the intervention. Goniometric assessment is widely
used for the clinical measurement of shoulder range of motion [27].

Materials used during assessment and intervention included a couch, pillow, towel, resistance tube,
notepad and pen, stopwatch, goniometer, and dumbbell. The principal materials are shown in Figure 2.

.! D. Pillow

B. Couch ) ’
A. Towel C. Resistance tube
—
/
E. Notepad and pen F. Stopwatch H. Goniometer

G. Dumbbell
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Fig 2: Materials used in the study: (A) towel, (B) couch, (C) resistance tube, (D) pillow, (E) notepad and
pen, (F) stopwatch, (G) dumbbell, and (H) goniometer.

2.4 Intervention Protocol

Both groups received treatment for 50 minutes per session, one session per day, five days per week, for six
weeks, giving a total of 30 treatment sessions.

Group A: Scapular Stabilization Exercise with Stretching

Push-up plus. The participant assumed a high-plank position with the hands shoulder-width apart, elbows
extended, and the body aligned from head to heels. After completing the push-up phase, the participant
actively protracted the scapulae at the top of the movement while keeping the elbows extended. Scapular
protraction was held for 2 seconds. Three sets of 15 repetitions were performed with 30 seconds of rest
between sets.

Dynamic hug. In standing, a resistance tube was secured behind the body at shoulder level. With the
shoulders abducted approximately 60°-90° and the elbows slightly flexed, the participant moved both arms
forward in a hugging motion while protracting the scapulae. The end position was held for 2 seconds,
followed by a slow 3-second return. Three sets of 15 repetitions were performed with 30 seconds of rest.

Prone Y. The participant lay prone with the involved arm positioned at approximately 120°-135° of
abduction and the thumb pointing upward. After gently retracting and depressing the scapula, the arm was
raised until level with the trunk. The position was held for 2 seconds and the arm was lowered slowly over
approximately 3 seconds. Three sets of 15 repetitions were completed with 30 seconds of rest.

Prone T. The participant lay prone with the shoulder abducted to 90°, the elbow extended, and the thumb
pointing upward. The scapula was gently retracted and depressed before the arm was raised to trunk level.
A 2-second hold was followed by a controlled 3-second lowering phase. Three sets of 15 repetitions were
performed with 30 seconds of rest.

Group B: Eccentric Rotator Cuff Exercise with Stretching

Eccentric external rotation. The participant lay on the uninvolved side with the involved shoulder
adducted and the elbow flexed to 90°. The shoulder was moved to the maximum comfortable external
rotation with assistance from the uninvolved hand. The participant then slowly lowered the forearm toward
internal rotation over 3—5 seconds against the resistance of a dumbbell or resistance band. A 2-second hold
was used at the end range before the eccentric return. Three sets of 15 repetitions were performed with 30
seconds of rest.

Eccentric scaption. In standing, the shoulder was elevated in the scapular plane, approximately 30°
anterior to the frontal plane, with the thumb pointing upward. The involved arm was assisted to
approximately 90° of elevation and then slowly lowered over 3—5 seconds against resistance. A 2-second
hold was maintained at 90° before lowering. Three sets of 15 repetitions were performed with 30 seconds
of rest.

Full-can eccentric lowering. The participant stood holding a dumbbell in the involved hand, with the
shoulder positioned in the scapular plane and the thumb pointing upward. The arm was assisted to
approximately 90° of shoulder elevation and then lowered slowly to the starting position over 3—5 seconds.
A 2-second hold was maintained at 90° before lowering. Three sets of 15 repetitions were performed with
30 seconds of rest.

Common Shoulder Girdle Stretching Protocol

Posterior capsule stretch. In standing, the involved shoulder was flexed to 90° with the elbow extended.
Using the opposite hand, the participant gently pulled the involved arm across the chest into horizontal
adduction until a comfortable posterior shoulder stretch was felt. The scapula was stabilized to limit
compensatory movement. The stretch was held for 30 seconds for three repetitions, with 15 seconds of rest
between repetitions.

Pectoralis minor stretch. The participant stood at the corner of a wall with the forearms supported on the
adjacent walls, the shoulders abducted to approximately 90°, and the elbows flexed to 90°. The trunk was
slowly moved forward until a gentle anterior shoulder and chest stretch was felt. The stretch was held for
30 seconds for three repetitions, with 15 seconds of rest.
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Levator scapulae stretch. The participant sat upright with the involved arm placed behind the back to
stabilize the scapula. The head was rotated approximately 45° away from the involved side and the cervical
spine was gently flexed so that the chin moved toward the opposite armpit. Gentle overpressure was
applied with the uninvolved hand. The stretch was held for 30 seconds for three repetitions, with 15
seconds of rest.

2.5 Statistical Analysis

Pre-treatment and post-treatment mean values were compared for NPRS, SPADI, and shoulder range of
motion, and mean differences were compared between the two intervention groups. The study report
described the changes as statistically significant but did not provide the specific inferential test, test
statistic, exact p values, standard deviations, or confidence intervals. Accordingly, only the reported means
and mean differences are presented.

3. Results

Sixty participants completed the study, with 30 participants in each group. Both treatment groups showed
improvement in pain, shoulder disability, and shoulder range of motion after six weeks.

Table 1. Pre- and post-treatment outcomes in Group A (scapular stabilization exercise with

stretching).
Outcome Pre-treatment mean Post-treatment mean Mean difference
NPRS 7.90 2.07 5.83
SPADI 71.40 47.67 23.73
Shoulder flexion (°) 138.87 173.53 34.67
Shoulder abduction (°) 130.87 171.53 40.67
Shoulder internal rotation (°) 50.53 68.13 17.60
Shoulder external rotation (°) 58.53 86.13 27.60

In Group A, NPRS decreased from 7.90 before treatment to 2.07 after treatment, corresponding to a mean
reduction of 5.83 points. SPADI decreased from 71.40 to 47.67, with a mean difference of 23.73 points.
Shoulder flexion increased by 34.67°, abduction by 40.67°, internal rotation by 17.60°, and external
rotation by 27.60°.

Table 2. Pre- and post-treatment outcomes in Group B (eccentric rotator cuff exercise with
stretching).

Outcome Pre-treatment mean Post-treatment mean Mean difference
NPRS 8.00 3.23 4.77

SPADI 72.23 58.36 13.87

Shoulder flexion (°) 138.60 167.87 29.27

Shoulder abduction (°) 130.60 165.87 35.27

Shoulder internal rotation (°)  50.40 64.93 14.53

Shoulder external rotation (°) 58.40 80.93 22.53

In Group B, NPRS decreased from 8.00 to 3.23, corresponding to a mean reduction of 4.77 points. SPADI
decreased from 72.23 to 58.36, with a mean difference of 13.87 points. Shoulder flexion increased by
29.27°, abduction by 35.27°, internal rotation by 14.53°, and external rotation by 22.53°.

Table 3. Comparison of mean changes between Group A and Group B.

QOutcome Group A mean difference Group B mean difference
NPRS 5.83 4.77
SPADI 23.73 13.87
Shoulder flexion (°) 34.67 29.27
Shoulder abduction (°) 40.67 35.27
Shoulder internal rotation (°) 17.60 14.53
Shoulder external rotation (°) 27.60 22.53

Comparison of the mean changes showed consistently greater improvement in Group A. The reduction in
NPRS was 5.83 points in Group A compared with 4.77 points in Group B, while the reduction in SPADI
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was 23.73 points compared with 13.87 points. Gains in shoulder flexion, abduction, internal rotation, and
external rotation were also greater in Group A. These between-group differences were reported as
statistically significant.

4. Discussion

The present study compared two exercise-based rehabilitation approaches for competitive swimmers with
subacromial impingement syndrome. Both interventions were associated with improvements in pain,
shoulder disability, and range of motion after six weeks, but the magnitude of improvement was
consistently greater in the group that received scapular stabilization exercises with stretching.

The greater improvement observed with scapular stabilization is clinically plausible because
swimming requires coordinated control of the scapula throughout repeated overhead movement. The
scapula provides a stable base for humeral motion and contributes to maintenance of the subacromial
space during elevation. When scapular control is altered, abnormal movement patterns may increase
mechanical stress on the rotator cuff and other subacromial structures. Scapular-focused exercise
therefore addresses not only local shoulder strength but also the dynamic control required during
swimming [7,16-20].

The reduction in NPRS from 7.90 to 2.07 in Group A was larger than the reduction from 8.00 to
3.23 in Group B. This finding is consistent with the systematic review by Ravichandran et al., which
concluded that scapular stabilization exercise programmes can reduce pain and disability in patients with
subacromial impingement syndrome [28]. The findings also agree with controlled studies showing that
scapular stabilization can improve pain, functional status, scapular kinematics, and shoulder mobility
[11,17-20].

Both groups also demonstrated improvement in SPADI scores. The larger reduction in Group A
suggests that restoring scapular control may have translated into better tolerance of functional shoulder
activities. This interpretation is compatible with the role of the scapula in positioning the glenoid and
supporting efficient transfer of force during upper-limb movement. Previous work has shown that strength
and control of the serratus anterior and trapezius are relevant to shoulder disability and scapular movement
in patients with subacromial pain [20].

Range of motion improved in both groups, with Group A showing greater mean gains in
flexion, abduction, internal rotation, and external rotation. The common stretching programme used in
both groups may have contributed to these improvements. Stretching of the posterior shoulder and
pectoral region can reduce soft-tissue tightness and may improve glenohumeral and scapulothoracic
movement [12,13,23]. Salamh et al. reported beneficial acute effects of stretching on posterior
shoulder tightness, while McClure et al. found improvement in internal rotation following posterior
shoulder stretching [29,30].

The eccentric rotator cuff programme was also effective, as reflected by the reduction in pain and
disability and the increase in shoulder motion in Group B. Eccentric loading has been proposed to improve
tendon load tolerance and neuromuscular performance, and previous clinical studies have reported
improvements in pain, strength, and function following eccentric shoulder training [14,15,21,22].
Chaconas et al. found that an eccentric external rotator programme produced favourable outcomes in
patients with subacromial pain syndrome, supporting the use of eccentric strengthening as a component of
rehabilitation [21].

The present findings therefore do not suggest that eccentric rotator cuff exercise is ineffective.
Rather, when both programmes were combined with the same stretching regimen, scapular stabilization
produced a larger mean improvement across the measured outcomes. This may be particularly relevant in
competitive swimmers, in whom repetitive overhead activity places substantial demands on scapular
control and scapulohumeral coordination.

The use of NPRS, SPADI, and goniometric range of motion provided complementary information
on pain, self-reported disability, and physical movement. Previous work has supported the clinical utility of
NPRS and SPADI in shoulder pain populations [24-26], while goniometric assessment remains a common
method for measuring change in shoulder motion [27,33]. The improvement across all three types of
outcome supports a consistent pattern of clinical recovery in both groups.

Some findings from the wider literature also emphasize that shoulder symptoms are influenced by
multiple factors. Thoracic and scapular mechanics, pain intensity, functional status, and shoulder motion
can all contribute to the clinical presentation of subacromial pain [31,32]. This reinforces the value of a
rehabilitation programme that addresses movement control and flexibility in addition to isolated muscle
strengthening.
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5. Limitations and Recommendations

The study included a relatively small sample and was conducted over a six-week treatment period. It was
limited to competitive swimmers with subacromial impingement syndrome, and the findings therefore
cannot automatically be generalized to other shoulder disorders or non-swimming populations. The
statistical summary did not include the exact inferential procedures, p values, standard deviations, or
confidence intervals, which limits detailed interpretation of the statistical strength and precision of the
observed differences.

Future studies may include larger samples, longer treatment and follow-up periods, and separate
analyses for male and female swimmers. Reporting complete statistical information would also strengthen
interpretation and facilitate comparison with other clinical trials.

6. Conclusion

Both scapular stabilization exercise with shoulder girdle stretching and eccentric rotator cuff exercise with
shoulder girdle stretching improved pain, shoulder disability, and shoulder range of motion in competitive
swimmers with subacromial impingement syndrome. However, the scapular stabilization group
demonstrated greater mean improvement in NPRS, SPADI, shoulder flexion, abduction, internal rotation,
and external rotation. Within the limitations of the available data, scapular stabilization exercise combined
with stretching was the more effective of the two rehabilitation approaches evaluated.

References

1. Kulkarni R, Gibson J, Brownson P, Thomas M, Rangan A, Carr AJ, et al. Subacromial shoulder pain.
Shoulder Elb. 2015 Apr; 7(2):135-43. doi:10.1177/1758573215576456

2. Ks D. Subacromial Impingement Syndrome of the Shoulder: A Musculoskeletal Disorder or a
Medical Myth? Malays Orthop J. 2019 Nov 1; 13(3):1-7. d0i:10.5704/M0OJ.1911.001

3. Pink MM, Tibone JE. THE PAINFUL SHOULDER IN THE SWIMMING ATHLETE. Orthop Clin
North Am. 2000 Apr; 31(2):247-61. doi:10.1016/S0030-5898(05)70145-0

4. Richardson AB, Jobe FW, Collins HR. The shoulder in competitive swimming. Am J Sports Med.
1980 May; 8(3):159—63. doi:10.1177/036354658000800303

5. Nadim MG, El-Sayyad MM, Lasheen YR. Prevalence of Subacromial Impingement Among Egyptian
Swimmers: A Cross Sectional Survey Study. Egypt J Hosp Med. 2023 Apr 1;91(1):4939-44.
doi:10.21608/ejhm.2023.301769

6. Hawkins RJ, Kennedy JC. Impingement syndrome in athletes. Am J Sports Med. 1980 May;8(3):151—
8. do0i:10.1177/036354658000800302

7. Cools AMIJ, Struyf F, De Mey K, Maenhout A, Castelein B, Cagnie B. Rehabilitation of scapular
dyskinesis: from the office worker to the elite overhead athlete. Br J Sports Med. 2014 Apr;
48(8):692—7. doi:10.1136/bjsports-2013-092148

8. Seitz AL, McClure PW, Lynch SS, Ketchum JM, Michener LA. Effects of scapular dyskinesis and
scapular assistance test on subacromial space during static arm elevation. J Shoulder Elbow Surg.
2012 May; 21(5):631-40. doi:10.1016/j.js¢.2011.01.008

9. De Yang Tien J, Tan AHC. Shoulder Impingement Syndrome, a Common Affliction of the Shoulder:
A Comprehensive  Review. Proc  Singap  Healthc. 2014  Dec;  23(4):297-305.
doi:10.1177/201010581402300406

10. Saltychev M, Aérimaa V, Virolainen P, Laimi K. Conservative treatment or surgery for shoulder
impingement: systematic review and meta-analysis. Disabil Rehabil. 2015 Jan 2; 37(1):1-8.
doi:10.3109/09638288.2014.907364

11. Moezy A, Sepehrifar S, Solaymani Dodaran M. The effects of scapular stabilization based exercise
therapy on pain, posture, flexibility and shoulder mobility in patients with shoulder impingement
syndrome: a controlled randomized clinical trial. Med J Islam Repub Iran. 2014 Aug 27; 28:87.

12. Kluemper M, Uhl T, Hazelrigg H. Effect of Stretching and Strengthening Shoulder Muscles on
Forward Shoulder Posture in Competitive Swimmers. J Sport Rehabil. 2006 Feb; 15(1):58-70.
doi:10.1123/jsr.15.1.58

1514



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

Shyamala Gandhi et al.,/ Int. J. of Allied Med. Sci. and Clin. Research 14(3) 2026 [1508-1516]

Turgut E, Duzgun I, Baltaci G. Stretching Exercises for Subacromial Impingement Syndrome: Effects
of 6-Week Program on Shoulder Tightness, Pain, and Disability Status. J Sport Rehabil. 2018 Mar 1;
27(2):132—7. doi:10.1123/jsr.2016-0182

Maenhout AG, Mahieu NN, De Muynck M, De Wilde LF, Cools AM. Does adding heavy load
eccentric training to rehabilitation of patients with unilateral subacromial impingement result in better
outcome? A randomized, clinical trial. Knee Surg Sports Traumatol Arthrosc. 2013 May; 21(5):1158-
67. doi:10.1007/s00167-012-2012-8

Holmgren T, Bjornsson Hallgren H, Oberg B, Adolfsson L, Johansson K. Effect of specific exercise
strategy on need for surgery in patients with subacromial impingement syndrome: randomised
controlled study. BMJ. 2012 Feb 20; 344(feb20 1):¢787—e787. doi:10.1136/bm;j.e787

Ben Kibler W. The Role of the Scapula in Athletic Shoulder Function. Am J Sports Med. 1998 Mar;
26(2):325-37. doi:10.1177/03635465980260022801

Baskurt Z, Baskurt F, Gelecek N, Ozkan MH. The effectiveness of scapular stabilization exercise in
the patients with subacromial impingement syndrome. J Back Musculoskelet Rehabil. 2011 Aug 15;
24(3):173-9. doi:10.3233/BMR-2011-0291

Turgut E, Duzgun I, Baltaci G. Effects of Scapular Stabilization Exercise Training on Scapular
Kinematics, Disability, and Pain in Subacromial Impingement: A Randomized Controlled Trial. Arch
Phys Med Rehabil. 2017 Oct; 98(10):1915-1923.e3. doi:10.1016/j.apmr.2017.05.023

Karakuzu Giingdr Z, Tan MS. Effect of scapular stabilization and mobilization-based rehabilitation on
pain and shoulder function in subacromial impingement syndrome: a randomized controlled trial.
BMC Musculoskelet Disord. 2026 Apr 13; 27(1):330. doi:10.1186/s12891-026-09760-7

Hotta GH, Alaiti RK, Ribeiro DC, McQuade KJ, De Oliveira AS. Causal mechanisms of a scapular
stabilization intervention for patients with subacromial pain syndrome: a secondary analysis of a
randomized controlled trial. Arch Physiother. 2022 Dec; 12(1):13. doi:10.1186/s40945-022-00138-1

Chaconas EJ, Kolber MJ, Hanney WIJ, Daugherty ML, Wilson SH, Sheets C. SHOULDER
EXTERNAL ROTATOR ECCENTRIC TRAINING VERSUS GENERAL SHOULDER EXERCISE
FOR SUBACROMIAL PAIN SYNDROME: A RANDOMIZED CONTROLLED TRIAL. Int J
Sports Phys Ther. 2017 Dec; 12(7):1121-33. doi:10.26603/ijspt20171121

Dejaco B, Habets B, Van Loon C, Van Grinsven S, Van Cingel R. Eccentric versus conventional
exercise therapy in patients with rotator cuff tendinopathy: a randomized, single blinded, clinical trial.
Knee Surg Sports Traumatol Arthrosc. 2017 Jul; 25(7):2051-9. doi:10.1007/s00167-016-4223-x

Tahran O, Yesilyaprak SS. Effects of Modified Posterior Shoulder Stretching Exercises on Shoulder
Mobility, Pain, and Dysfunction in Patients With Subacromial Impingement Syndrome. Sports Health
Multidiscip Approach. 2020 Mar; 12(2):139-48. doi:10.1177/1941738119900532

Jensen MP, Karoly P, Braver S. The measurement of clinical pain intensity: a comparison of six
methods: Pain. 1986 Oct; 27(1):117-26. doi:10.1016/0304-3959(86)90228-9

Young I, Dunning J, Escaloni J, Maselli F, Prall J, Mourad F, et al. Reliability, construct validity,
responsiveness and minimum clinically important difference of the numeric pain rating scale and
shoulder pain and disability index in patients with subacromial pain syndrome. Musculoskelet Sci
Pract. 2025 Oct; 79: 103372. d0i:10.1016/j.msksp.2025.103372

Breckenridge JD, McAuley JH. Shoulder Pain and Disability Index (SPADI). J Physiother. 2011;
57(3):197. doi:10.1016/S1836-9553(11)70045-5

Hayes K, Walton JR, Szomor ZL, Murrell GA. Reliability of five methods for assessing shoulder
range of motion. Aust J Physiother. 2001; 47(4):289-94. doi:10.1016/S0004-9514(14)60274-9

Ravichandran H, Janakiraman B, Gelaw AY, Fisseha B, Sundaram S, Sharma HR. Effect of scapular
stabilization exercise program in patients with subacromial impingement syndrome: a systematic
review. J Exerc Rehabil. 2020 Jun 25; 16(3):216-26. doi:10.12965/jer.2040256.128

Salamh PA, Kolber MJ, Hegedus EJ, Cook CE. The efficacy of stretching exercises to reduce
posterior shoulder tightness acutely in the postoperative population: a single blinded randomized

1515



30.

31.

32.

33.

Shyamala Gandhi et al.,/ Int. J. of Allied Med. Sci. and Clin. Research 14(3) 2026 [1508-1516]

controlled trial. Physiother Theory Pract. 2018 Feb; 34(2):111-20.
doi:10.1080/09593985.2017.1376020

McClure P, Balaicuis J, Heiland D, Broersma ME, Thorndike CK, Wood A. A Randomized Controlled
Comparison of Stretching Procedures for Posterior Shoulder Tightness. J Orthop Sports Phys Ther.
2007 Mar; 37(3):108-14. doi:10.2519/jospt.2007.2337

Boyles RE, Ritland BM, Miracle BM, Barclay DM, Faul MS, Moore JH, et al. The short-term effects
of thoracic spine thrust manipulation on patients with shoulder impingement syndrome. Man Ther.
2009 Aug; 14(4):375-80. doi:10.1016/j.math.2008.05.005

Engebretsen K, Grotle M, Bautz-Holter E, Ekeberg O, Brox J. Determinants of the shoulder pain and
disability index in patients with subacromial shoulder pain. J Rehabil Med. 2010; 42(5):499-505.
doi:10.2340/16501977-0548

Muir SW, Corea CL, Beaupre L. Evaluating change in clinical status: reliability and measures of
agreement for the assessment of glenohumeral range of motion. N Am J Sports Phys Ther. 2010 Sep;
5(3):98-110.

1516



