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INTRODUCTION
Shoulder pain has been reported to rank as the third most 
common complaint. Its lifetime prevalence is as high as 67%. 
In Northern India, its prevalence was noted to be 22.9%.[1] 
Despite such a high prevalence, its treatment outcome is quite 
unfavorable.[2] This leads to substantial impairment in work 
performance, causing absence from work, early retirement, 
or job loss.[3] Sleep disturbances due to Shoulder pain also 
lead to poor quality of life.[4]

Shoulder impingement syndrome (SIS) is the most frequently 
reported cause of shoulder pain, the most common type of 
SIS being subacromial impingement syndrome (SAIS).[5] 
SAIS is commonly seen in sportspersons engaged in repeated 
overhead activities such as handball, volleyball, swimming, 
and badminton. In a survey conducted during the Badminton 
Sudirman Cup in 2003 (Netherlands), it was found that 
shoulder pain was a common troublesome problem even for 
world-class badminton players. Swimmers who do freestyle 
are reported to have more risk of SAIS due to overuse of 
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their shoulders, which causes microtrauma during the cyclic-
overhead motion.[6]

Subacromial impingement of the shoulder is a syndrome 
in which the soft tissues in the subacromial space become 
entrapped and cause pain. The patients then present with 
the chief complaint of pain on raising the arm overhead or 
sleeping on the affected side.[7] In recent years, the definition 
of impingement syndrome has changed, and now, it is more 
accurately considered as a clinical sign[8] which points us 
toward an entire spectrum of pathology of the subacromial 
space, including rotator cuff pathologies and subacromial 
bursitis.[9]

The initial management of choice for SIS without any major 
structural damage is conservative multimodal treatment, 
which is for a duration of 3-6  months. The initial goals of 
rehabilitation are (1) pain relief (including intervention – 
injection steroid), (2) regaining range of motion (ROM), 
and (3) promoting scapulothoracic and rotator cuff 
neuromuscular control.[10] The Jacksin Program for shoulder 
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impingement is a five-step exercise program which is a set of 
simple exercises given to the patient to perform throughout 
the day.[7]

Treatment of shoulder pain and subsequent return to sports 
(RTS) has undergone a paradigm shift with the recent 
introduction of the following therapies. One of them is 
Capacitive and Resistive Electric Transfer Therapy.[11] It is a 
diathermy device using a frequency of 448  kHz imparting 
effective deep heat for amelioration of shoulder pain.[12] 
The other one is a modification to the traditional posterior 
shoulder stretching exercises. These new exercises are (1) 
modified cross-body stretch and (2) modified sleeper’s 
stretch. Recent studies have shown that including modified 
posterior shoulder stretching exercises (MPSSEs) in 
this rehabilitation program produces significantly better 
results.[13] In a meta-analysis, it was concluded that in 
SAIS, there was significant improvement in the shoulder 
function and pain on doing MPSSEs.[14] In another study, it 
was observed that there was significant improvement in the 
shoulder internal rotation and horizontal adduction after 
four weeks of intervention with MPSSEs.[15]

Eccentric strengthening of the external rotators is also 
recommended during rehabilitation and injury prevention in 
overhead athletes.[16]

MATERIALS AND METHODS
The study was a randomized controlled trial approved by the 
institutional ethics review board in 2020 [Figure 1]. After a 

detailed scrutinization, discussion, and assessment of the 
research project/thesis, the members of the Institutional 
Protocol Review Committee (IPRC) arrived at a unanimous 
resolution approving this thesis. Patients with shoulder 
pain attending the outpatient department were screened 
by a Sports Medicine resident. Consenting adults within 
the age group 20 and 55 years, having symptoms consistent 
with a diagnosis of SIS (more than 3 out of 5 tests positive, 
that is Neers, Hawkins Kennedy, Jobe’s empty can, painful 
arc, and external rotation resistance test)[17] and a pain 
score on the numerical pain rating score (NPRS) of <6 out 
of 10 were included in the study. Patients with a history of 
trauma or surgery to the upper limb, full rotator cuff tears, 
limitation of passive ROM >50% of contra-lateral side in 
more than 2 planes (suggestive of adhesive capsulitis), other 
musculoskeletal, or systemic inflammatory diseases affecting 
uncontrolled diabetes mellitus were excluded from the study.
The sample size was estimated based on the work of Tahran 
and Yeşilyaprak.[13] to find a difference of 15 units and pooled 
standard deviation (SD) of 13.4, alpha of 95%, and power 
of 85%. It was estimated to be 14 in each group. Expecting 
loss to follow-up, 30  patients were included in each group. 
The randomization was done with a simple randomization 
method by a nurse not part of the study. As the patients were 
recruited, she allotted a random number to each patient from 
1 to 60. Numbers 1-30 were allocated to Group A (control), 
and 31-60 (MPSSEs) were allocated to Group  B. Both 
groups received medical (non-steroidal anti-inflammatory 

Assessed for eligibility (n = 78)

Excluded (n=18)
Not stopped participating in training (n = 8)

History of shoulder dislocation (n = 2)
Diagnosed rotator cuff tear (n = 5)

Did not give consent (n = 3)

Randomized (n = 60)

Allocation

Group A (n = 30)
Standard rehabilitation

Follow-up and analysis

Group B (n = 30)
Standard rehabilitation + Modified posterior

shoulder stretching exercises

Figure 1: Methodology.
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drugs) and conventional physical therapy management.[18-20] 
However, the intervention group was taught a modified 
version of the traditional posterior capsule stretch, which has 
been explained in Table 1 (Groups A - Standard Rehabilitation 
and B - Standard Rehabilitation + Modified Posterior Capsule 
Stretching Exercises). The session was 30  min long, twice 
a day. The exercises were instructed by a blinded physical 
therapist initially. It included exercises as described in Table 2. 
Outcome measure for objective evaluation of the functioning 
of the shoulder was done using patient-reported outcome 
measure questionnaire forms for constant Murley score 
(CMS) and quick disabilities of the arm, shoulder, and hand 
(QuickDASH) score on the first and twelfth weeks. Subjective 
evaluation of pain was done using the Visual Analog 
Scale (VAS) on the first and twelfth weeks. Radiological 
evaluation was done using an X-ray (True AP view). In this, 
the acromiohumeral distance (AHD) was defined as the 

distance between the undersurface of the acromion and the 
humeral head. All patients underwent baseline and follow-up 
measurements of pain using NPRS, function using the CMS, 
and QuickDASH questionnaire score by a sports medicine 
physician blinded to group allocation.
The resistive exercises were calibrated according to subject 
capability and tolerance. All patients performed exercises 
for 12 weeks and maintained exercise logs. Once the athletes 
had returned to participation, they were asked to complete 
the thrower’s 10 program[21] and pain-free Derby’s shoulder 
instability program.[22] Return to participation was defined as 
“The athlete may be participating in rehabilitation, training 
(modified or unrestricted), or in sport, but at a level lower 
than his or her RTS goal.”[23] The athletes continued to perform 
static stretching for the posterior capsule as part of injury 
prevention, even after complete resolution of glenohumeral 
internal rotation deficit (GIRD) as part of injury prevention 

Table 1: Difference between traditional and modified posterior shoulder stretches.

Traditional posterior shoulder 
stretching exercises

Modified posterior shoulder stretching exercises Problem faced by patients

Sleeper stretch ‑ Position
Patient ‑ Side‑lying on the throwing 
side
Shoulder ‑ 90° abduction, elbow ‑ 90° 
flexed
In this position, passive IR is applied 
to the dominant arm by using the 
opposite hand.

MSS ‑ Position
Patient ‑ Side‑lying position, trunk rolled posteriorly 
20°‑30°
Shoulder ‑ 90° abduction
Elbow ‑ 90° flexion
In this position, passive internal rotation is applied 
at the affected arm using the opposite arm.
A towel roll can be placed under the arm (humerus) 
to better isolate the stretch.

Traditional stretches ‑ Pain when the 
shoulder is at 90° due to which patients 
avoid doing the stretch. It works best with 
NSAIDs.
However, with the modification, the 
patients were more compliant with the 
stretch and they avoided taking NSAIDs

Cross‑body stretch ‑ Position
Patient ‑ Standing
Using the opposite hand to 
horizontally adduct the targeted 
shoulder.

MCS ‑ Position
Patient ‑ Side‑lying position, trunk rolled posteriorly 
20°‑30°
Shoulder ‑ 90° abduction
Elbow ‑ 90° flexion
Passively adduct shoulder using the opposite arm.

Traditional method does not provide 
scapula stabilization, hence accessory 
abduction occurs at the scapula which 
prevents the intended stretch to the 
posterior capsule.

IR: Internal rotation, NSAIDs: Non‑steroidal anti‑inflammatory drugs, MSS: Modified sleeper stretch, MCS: Modified cross‑body stretch

Table 2: Exercise regimen.

Exercise Dose Note/Comment
Warm up ‑ Cycling 5‑10 min Depending on the environment, humidity, etc.
Dynamic stretching ‑ Neck, shoulder, and 
back mobility exercises

5‑10 slow repetitions per side It helps in increasing blood flow and prevents injury 
by giving time to muscles to be well activated

Strengthening ‑ Rhomboids, mid and lower 
trapezius, serratus anterior, rotator cuff, 
deltoid

Resistance band based or machine 
weight‑based workout (tailored as 
per patient)

Patients were taught isometrics. After they became pain 
free, concentric strengthening exercises followed by 
eccentric strengthening exercises were added.
Machine‑based workouts were done only 2‑3 days/week.

Static stretching (SS) ‑ Pectoralis minor, 
latissimus dorsi, upper trapezius, sleeper 
stretch, cross body stretch (CBS), biceps and 
triceps stretch 

30 s hold, 3‑5 reps
SS, CBS, and their modifications ‑ 
30‑60 s hold (as tolerable),  
5‑10 repetitions (as tolerable)

Group A did traditional posterior capsular stretches
Group B did modified posterior shoulder stretching 
exercises

Cool down ‑ Cycling 5‑10 min
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in their training. The dose of the exercises (volume, intensity, 
frequency) for a patient was tailored after monitoring for 
morning stiffness post-exercise and pain of more than 2 out of 
10 in an NPRS while exercising. The modifications were done 
in the exercise regimen explained in Table 2. Hence, optimal 
loading was done in all cases and controls. Exercises were 
changed based on the improvement of the patient.
The dependent variables were reassessed at the end of the 
first and twelfth week by the blinded assessor. The pain and 
function scores were checked for normality. Descriptive data 
were presented in number, percentage, mean, median, range 
(min-max) and mean ± SD, variance. The independent t-test 
was used to compare the means between the two groups. The 
Chi-square test was used to assess the relationship between 
two categorical variables. The confidence interval (CI) was 
considered to be 95%. A P < 0.05 was considered statistically 
significant. A P < 0.05 was considered significant for all tests.

RESULTS
The demographic details of the included patients are 
described in Table  3. There were 60  patients out of the 78 

who were assessed in the study. Most patients were overhead 
athletes who had difficulty adhering to their training regimen 
in view of shoulder pain or those engaged in contact sports. 
A  total of 35  patients were engaged in active sports, and 
all of them had a GIRD of more than 20° in their affected 
shoulder during enrollment. Two overhead athletes also had 
GIRD in both shoulders, while seven had GIRD in their non-
dominant/left shoulder.
The results of the study are described in Table 4. The groups 
were not different at baseline for any outcome variable. 
Group  B had a significantly lower score at 12  weeks post-
intervention as compared to Group  A (mean difference 
[MD] - 1.8; 95% CI- 1.5, 2.1). Group B also had a significantly 
improved QuickDASH score (MD- 10.3; 95% CI - 6.1, 14.4) 
and CMS (MD-  10.3; 95% CI  -  6.7, 13.8), as mentioned in 
Table 4.
In 35 patients who were engaged in active sports, 27 players 
returned to sports at their respective pre-treatment levels of 
sports after treatment. Out of the 8 remaining players, 7 were 
in group A and only 1 in group B.

Table 3: Demographic details of patients.

S No Variable Group A
Rehabilitation exercises 
(n=30)

Group B
Rehabilitation exercises+Modified 
posterior capsule stretching exercises 
(n=30)

1 Mean age 38 37.36
2 Gender 19 males, 11females 23 males, 7 females
3 Side involved 3 both, 19 right, 8 left 19 right, 11 left
4 Mean duration of symptoms (months) 6.76 6.75
5 Overhead athletes 15 patients 12 patients
6 Contact sports athletes 4 patients 4 patients

Table 4: Outcome variables before and after the first and twelfth week of intervention in both groups.

S. 
No.

Outcome variable Group A 
Standard rehabilitation (n=30) 

 

Group B 
Standard rehabilitation+Modified 

posterior capsule stretching exercises 
(n=30)

P‑value (1st week) 
(12th week)

Baseline Post‑ 
intervention 

(1st week)

Post‑ 
intervention 
(12th week)

Baseline Post‑ 
intervention 

(1st week)

Post‑ 
intervention 
(12th week)

1 Visual Analog 
Scale

4.6±0.7 4.1±0.5 3.3±0.6* 4.7±0.6 3.7±0.5 1.4±0.7* 0.004; 0.000*

2 Constant‑Murley 
score

51.7±7.4 56.9±7.7 61.4±7.5* 51.4±7.3 60.93±6.9 71.6±6.1* 0.039; 0.000*

3 QuickDASH 49.7±8.1 43.6±8.1 36.3±7.4* 49.5±10.8 39.5±9.3 26.1±8.7* 0.073; 0.000*
4 Acromio‑humeral 

distance (mm)
6.67±0.959 ‑ 6.63±0.890 6.80±0.887 ‑ 6.83±0.874 0.889 (baseline);

0.884 (12th week)
*12 weeks post-rehabilitation, QuickDASH: Quick disabilities of the arm, shoulder, and hand
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Table 5: Return to sports after treatment in Group A and Group B.

Return to 
Sports

International level (number 
of sports patients)

National level (number of 
sports patients)

State/district level (number of 
sports patients)

Total (number of 
sports patients)

Before After Before After Before After Before After
Group A 0 0 1 0 18 12 19 12
Group B 1 1 3 3 12 11 16 15

DISCUSSION
SIS is a common cause of shoulder pain for which specific 
exercise therapy with emphasis on making posterior soft 
tissue more flexible and treating GIRD is chosen as the first 
line of management.
In our study, 45% of patients were overhead athletes. Some 
boxers also had GIRD in both the shoulders, while some had 
GIRD in their non-dominant/left shoulder. It was found that 
the boxers had pain in the dominant shoulder earlier, and to 
prevent further injury in that shoulder, they changed their 
dominant arm for punching and now presented with GIRD 
in their previously non-dominant shoulder as well.
VAS for pain showed a significant difference in the 
1st  and 12th  weeks with the MPSSEs group showing better 
improvement. This reduction in VAS could be due to the 
stabilization of the scapula in the modified stretches, which 
further led to improved compliance in our study.
There was a falling trend in the QuickDASH score in our 
study; the scores were 36.33 ± 7.392 in the control group 
(CG) and 26.07 ± 8.686 in the MPSSEs group. There was a 
significant increase in the CMS score in our MPSSEs group. 
The mean CMS score in the twelfth week was 61.37 ± 7.453 
and 71.60 ± 6.179 for CG and MPSSEs groups, respectively. 
The MPSSEs reduced the inflexibility of the posterior capsule 
and decreased the negative biomechanical changes that were 
causing the symptoms of impingement, thereby improving 
the symptoms. Further, the MPSSEs can possibly be used 
for a longer duration to prevent posterior shoulder tightness 
(PST), GIRD, and impingement. GIRD was corrected in all 
the athletes in group B in a span of a maximum of 2-3 weeks; 
however, such was not the case in the control group.
In contrast, the traditional posterior shoulder stretching 
exercises (PSSEs) required assistance and, therefore were 
difficult to perform at home individually. We found that 
modifications by Wilk et al.[24] that were used in our study 
had an added additional advantage of stabilizing the 
scapula thereby excluding the need for assistance. These 
MPSSEs not only provide accelerated relief of pain but also 
functional improvement and are an indispensable tool for the 
rehabilitation of SAIS.
AHD, which is normally reduced in patients of SAIS, was 
found to be 6.67 ± 0.959 and 6.63 ± 0.890 for the CG and 
MPSSEs group, respectively, at baseline. The normal ADH 
is between 7 and 14  mm. Post-treatment, the mean AHD 
after 12  weeks was 6.80 ± 0.887 and 6.83 ± 0.874 for CG 

and MPSSEs groups, respectively. We found that there was 
no significant difference between or within the groups. Park 
et al.[25] demonstrated that there was no relationship or, 
rather, no linear correlation between AHD and the outcome 
measures of patients with respect to pain and function. 
They did not find any improvement in symptoms with an 
increase in AHD over time. However, dynamic ultrasound 
could have been a better way to assess this change in AHD 
instead of plain radiographs, as shown by Maenhout et al.[26] 
and Yamauchi et al.[27]

We had only one patient in group  B who did not improve 
as he was not compliant with exercises. He was taken up for 
arthroscopic evaluation/decompression, but per-operatively, 
there was adequate subacromial space, superior labrum 
anterior-posterior type I, so a simple washout, debridement 
of frayed labral end was done, and intra-articular steroid was 
injected only. Patients returning to sports were significantly 
more in group B as calculated using the Chi-square test, and 
the P-value was 0.031785, which is significant (P < 0.05) 
[Tables 5 and 6]. This shows the effectiveness of MPSSEs 
in reducing the additional intervention need while not 
compromising the return to pre-exercise sport level. All 
patients returned to pre-exercise level sports, and six even 
returned to competitive sports in the MPSSE group. MPSSEs 
are associated with an earlier return to performance in sports 
as compared to the traditional stretches.
The MPSSEs should be included in the cool-down routine of 
the athletes for injury prevention. The cool-down program 
should be performed after every upper body strengthening 
or plyometric session, and they should be incorporated 
into the cool-down post-training and competition as well. 
They should be instructed that the stretches should be done 
in pain-free range; however, the aim should be to achieve 
adequate stretch and to hold the stretch for 30-60 s and 
perform 3-5 repetitions with 1-2  min rest in between each 
repetition.
The strength of this study is that the exercises were home-
based, easy to perform, and did not need assistance. The 
modifications possibly helped in stabilizing the scapula and, 
therefore in reducing pain and impingement even in a short 
duration.
The limitations of this study include a lack of long-term 
follow-up and a lack of dynamic shoulder ultrasound 
imaging for the measurement of AHD. The stretches were 
given as part of treatment; hence, their efficacy as part of 
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the injury prevention program was not assessed. For better 
quantitative comparison, more studies need to be done with 
biomechanical and radiological outcomes. A  standardized 
return to performance criteria needs to be devised to better 
assess the outcomes more objectively.
Further research should be conducted focusing on 
biomechanical analysis and dynamic radiological 
measurement of subacromial space while comparing the 
effectiveness of traditional versus modified PSSEs in patients 
with SAIS. This is the first study on the effectiveness of 
MPSSEs as an additional treatment modality for SAIS in 
India, to the best of our knowledge.

CONCLUSION
The addition of MPSSEs resulted in better clinical outcomes 
than the standard rehabilitation exercises alone, leading to 
a decreasing trend of VAS and QuickDASH along with a 
significantly increasing trend of CMS scores in the MPSSEs 
group. Patients returning to sports were significantly more in 
the MPSSEs group. The modified stretches reduce the need 
for surgery and increase the chances of patients returning to 
pre-exercise levels of sports, even competitive sports. Hence, 
these modified stretches should be made an indispensable 
part of rehabilitation for SAIS.
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