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Effects of Modified Posterior Shoulder
Stretching Exercises on Shoulder Mobility,
Pain, and Dysfunction in Patients VWith
Subacromial Impingement Syndrome

Ozge Tahran, PT, MSc,™ and Sevgi Sevi Yesilyaprak, PT, PhD*$

Background: Posterior shoulder stretching exercises (PSSEs) aim to reduce posterior shoulder tightness (PST). Position
modification of traditional PSSEs has been suggested to minimize inadequate control of scapular and glenohumeral rotation,

possibly leading to increased subacromial impingement.

Hypothesis: Modified PSSEs will have positive effects on shoulder mobility, pain, and dysfunction.

Study Design: Randomized controlled trial.

Level of Evidence: Level 1.

Methods: A total of 67 symptomatic patients with subacromial impingement syndrome (SIS) and shoulder internal
rotation asymmetry were randomly assigned to 3 groups: modified cross-body stretch (MCS) (n = 22; treatment program +
MCS), modified sleeper stretch (MSS) (n = 22; treatment program + MSS), and a control group (n = 23; treatment program
consisting of only modalities, range of motion [ROM], and strength training but no PSSEs) for 4 weeks. Pain, PST, shoulder

rotation ROM, and dysfunction were evaluated.

Results: Pain, PST, shoulder rotation ROM, function, and disability improved in all groups (P < 0.05). The MCS and MSS
groups had better results compared with the control group with regard to pain with activity, internal rotation ROM, function,
and disability (P < 0.05). There was no significant difference between the stretching groups (P > 0.05).

Conclusion: All treatments improved pain, shoulder mobility, function, and disability in patients with SIS. However,
modified PSSEs in addition to a treatment program was superior to the treatment program alone (without PSSEs) in improving
pain with activity, internal rotation ROM, and dysfunction. Moreover, stretching provided clinically significant improvements.

Clinical Relevance: Modified PSSEs, in addition to a treatment program, are beneficial for patients with SIS. Both modified
cross-body and sleeper stretches are safe and efficacious for improving shoulder mobility, pain, and dysfunction.

Keywords: physical therapy; rehabilitation; shoulder; exercise; stretching

ubacromial impingement syndrome (SIS) is the most

common cause of shoulder pain and dysfunction."

Research has focused on the effects of posterior shoulder
tightness (PST) on shoulder pain and SIS symptoms in recent
years.” PST causes anterior-superior translation of the humeral
head over the glenoid fossa™ and may lead to SIS, reducing the
subacromial space during upper extremity elevation."'* PST has
been associated with a decrease in glenohumeral internal

rotation (IR) range of motion (ROM), and decreased
glenohumeral IR ROM has been detected in individuals with
SIS." Posterior shoulder stretching exercises (PSSEs) have been
suggested for IR deficits."

Physical therapy with exercises is effective in reducing pain
and disability in patients with SIS.*" Attention should be given to
ensuring adequate posterior shoulder flexibility before
strengthening exercises are initiated."* Shoulder mobility can be
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of study population. CG, control group; IR, internal
rotation; MCS, modified cross-body stretching group; MSS, modified sleeper stretching group; ROM, range of motion.

increased by reducing the anterior-superior migration of the
humeral head. Cross-body or sleeper stretch outcomes are
equivocal.l4'l(’

In previous studies, PSSEs have been applied in traditional
positions."*** However, Wilk et al” reported that modification of
these positions was necessary because of the inadequate control
of both scapular and glenohumeral rotations, possibly leading
to increased subacromial impingement. Therefore, the purpose
of this study was to investigate the effects of 2 different
modified PSSEs” on shoulder mobility, pain, and dysfunction in
patients with SIS having glenohumeral internal rotation deficit
(GIRD). We hypothesized that both modified PSSEs would have
positive effects on shoulder mobility, pain, and dysfunction.

METHODS

A total of 67 patients (mean age, 52.94 + 11.05 years) with SIS
and GIRD (IR ROM of the SIS side <15° compared with the other
shoulder)* were randomly assigned (Random.org; Randomness
and Integrity Services) to 3 groups. The modified cross-body
stretch (MCS) group (n = 22) received a treatment program plus

MCS exercise, the modified sleeper stretch (MSS) group (n = 22)
received a treatment program plus MSS exercise, and the control
group received a treatment program consisting of modalities,
ROM, and strength training but no PSSE (n = 23) (Figure 1).

Written informed consent was obtained from participants before
taking part in the study. The study was approved by the ethics
committee of Dokuz Eyliil University (No. 1542-GOA-2014/21-11).
Inclusion criteria were the following: >18 years of age, SIS
diagnosis, no history of shoulder injuries/symptoms requiring
treatment other than SIS, diagnosis of GIRD,” shoulder pain less
than 7 out of 10 on the visual analog scale (VAS) for pain, and >3
of 5 impingement tests positive." Participants were excluded if
they had >50% limitation of passive shoulder ROM in >2 planes of
motion, history of fracture involving the upper extremity, shoulder
surgery, full-thickness rotator cuff tear, shoulder instability,
systemic musculoskeletal disease, or shoulder pain with cervical
spine motion or if they were regularly performing PSSEs.

Pain at rest and activity was measured on a 10-cm VAS ranging
from 0 (no pain) to 10 (worst pain imaginable).” Shoulder
function was assessed with the Turkish version of the Constant-
Murley Score (CcMS),” with a possible total score of 100 points,
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Figure 2. PST measurement.

indicating excellent function. Disability level was assessed with
the Turkish version of the QuickDASH (short version of the
Disabilities of the Arm, Shoulder and Hand Score)
questionnaire,” with a total score ranging from 0 (no disability)
to 100 (severe disability). Shoulder mobility was measured using
a bubble inclinometer (baseline).

To avoid bias, the investigator performing the measurements
was not allowed to read the results on the inclinometer
throughout the testing period. A trained assistant, blinded to
group assignment, read and recorded the results. Results of
3 repetitions of each measurement were averaged (intrarater
reliability, intraclass correlation coefficient [ICC 3, k] = 0.96-
0.99" In our study, based on test-retest in 10 patients, test-
retest reliability (ICC 3, k) was determined to be 0.99, 0.99,
and 0.98 for PST, IR ROM, and external (ER) ROM, respectively.

PST was measured in a side-lying position. The physical
therapist passively abducted the humerus to 90° while
maintaining no humeral rotation and 90° of elbow flexion.
Meanwhile, the lateral border of the scapula was maintained in
a fully adducted position throughout the test. The movement
was ended if the scapula could not be further stabilized and/or
movement of the humerus stopped" (Figure 2).

IR ROM was assessed in a prone position, and ER ROM in a
supine position. The arm was supported on the table in 90° of
shoulder abduction and elbow flexion. At the end of the active
movements, the inclinometer was placed on the distal forearm
proximal to the radiocarpal joint and the measurement was
recorded"" (Figure 3, a and b). Total rotation ROM (TR ROM)
was calculated by summing shoulder IR and ER ROM values.

Measurements were taken at the first day of treatment and the
day after 20 sessions were completed.

The treatment program®' consisted of 20 minutes of hot
application; 20 minutes of high-frequency (50-100 Hz),
low-intensity (not painful), small pulse width (50-200 ps)
conventional transcutaneous electrical nerve stimulation; and
5 minutes of 1-MHz, 1.5-W/cm? continuous ultrasound to the
shoulder area on weekdays. Wand exercises, posture exercises,
and Codman exercises (10 repetitions of each) and upper
trapezius stretching (5 repetitions) were performed as 1 set.
Strength training was performed for the scapular stabilizers,
rotator cuff, and deltoid muscles when appropriate using an
elastic band (3 sets of 10 repetitions with 1-minute rest between
sets). When 3 sets were performed easily, resistance was
increased by changing the band color.

MCS was performed in a side-lying position to limit scapular
abduction. The forearms were aligned, with the opposite arm
on top to limit the ER of the humerus, and the humerus was
moved into horizontal adduction using the opposite arm”
(Figure 4). MSS was performed in a side-lying position; the
body was rolled 20° to 30° posteriorly to reduce symptoms of
pain, and the humerus was moved into IR using the opposite
arm® (Figure 5). One set of 5 repetitions of a 30-second stretch
was performed.”

Exercises were performed once a day, every day, for 4 weeks (5
days under physical therapist supervision and 2 days at home).

Statistical Analysis

An a priori sample size calculation was performed (GPower,
Version 3.0.10).” The difference between the 2 measurements
for shoulder IR ROM was expected to be 9.6°, with 11° SD,"
and 63 participants were required to determine the significant
difference with 80% power (5% type I error) (21 participants per
group). The normal distribution of the continuous data was
determined using Kolmogorov-Smirnov analysis. Age, height,
body weight, and body mass index among groups were
compared with 1-way analysis of variance (ANOVA), and sex
was compared using the y* test. Two-way ANOVA (mixed-
model, 2(time) x 3(group), repeated measures) was used to
determine changes in dependent variables from baseline to
posttreatment measurements. F values were used based on
sphericity assumed. Then, 1-way ANOVA was used to determine
the effect of group on changes in outcome measures. Post hoc
analysis using the Bonferroni method was performed, with an
adjusted a level of 0.0167. All statistics were calculated using
SPSS software (Version 20.0; IBM Corp). Significance level was
determined as P < 0.05. Effect sizes were calculated and
interpreted according to the Cohen guidelines (small, 0.01;
medium, 0.06; large, 0.14). In post hoc power analyses, >0.80
was accepted as sufficient to show significant differences.*

RESULTS

All groups had similar demographic and anthropometric
characteristics (P > 0.05) (Table 1) and baseline outcome
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Figure 4. (a) MCS with the help of physical therapist. (b) Self-MCS.
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Figure 5. (a) MSS with the help of physical therapist. (b) Self-MSS.

Table 1. Demographic and anthropometric characteristics of the participants?

Participant Characteristics MCS (n =22) MSS (n = 22) CG (n=23)

Age, y 51.64 £13.15 52.09+£10.23 55+£9.7 0.54°
Height, cm 162.68 + 7.23 166.27 + 8.08 163.48 + 6.06 0.22°
Weight, kg 77.98 +12.21 72.64 +11.81 77.67 £15.13 0.32°
Body mass index, kg/m? 29.69 + 4.83 26.31+4.23 28.94 + 4.81 0.56"
Sex, n (male/female) 14/8 13/9 18/5 0.35°

CG, control group; MCS, modified cross-body stretch group; MSS, modified sleeper stretch group.
#alues are presented as mean + SD unless otherwise indicated.

%0ne-way analysis of variance.

“Chi-square test.

measurements (P> 0.05) except pain at rest (P =0.01). Table 2 | significant difference between groups when groups were

shows mean values for outcome measurements, and Table 3 compared across various time points. However, 1-way ANOVA
presents the F values, effect sizes, and post hoc power results of | revealed no significant effect of group on change in pain at rest
the 2-way ANOVA analysis. (F=7.712; P> 0.05). For pain during activity, there was a

Pain

significant time-group interaction and there was a significant
difference between groups when groups were compared across

For pain intensity at rest and activity, there was a significant effect | various time points. One-way ANOVA revealed a significant effect
of time, with all groups showing a decrease. For pain at rest, there | of group on changes in pain during activity (7= 23.19; P < 0.001).
was no significant time-group interaction but there was a Post hoc analyses revealed a significant difference in change for
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Table 2. Outcome measurements among groups®

QOutcome Before
Measure Treatment After Treatment A (% Change)
Pain, cm Pain at rest MCS 1.45+1.96 0.13+£0.35 -1.31+£1.75
(-93.00 + 12.01)
MSS 2.23+2.36 0.40 +0.95 -1.81+1.89
(-87.17 + 20.58)
CG 3.43+2.21 2.78 +2.21 —0.65+1.43
(-19.44 + 38.98)
Pain during activity MCS 495+1.25 1.59+1.05 -3.36 £1.21
(-68.93 +20.32)
MSS 5.45+0.96 245+ 1.14 -3+1.48
(-53.03 + 23.70)
CG 513+1.48 4.35+1.82 -0.78+1.24
(-15.83 +23.92)
Shoulder rotation | IR ROM MCS 47.82+10.13 69.41 +9.43 21.59 +9.46
ROM, deg (50.52 + 32.37)
MSS 39.55 + 14.65 61.64+12.35 22.09 + 8.97
(70.66 + 52.28)
CG 45.39+£12.90 54.22 +13.54 8.83 +8.58
(22.47 + 24.85)
ER ROM MCS 64.18 + 26.20 76.32 +20.30 12.14+15.15
(46.36 + 106.82)
MSS 60.23 + 26.10 70.64 +22.28 10.41 +13.81
(30.05 + 45.67)
CG 59.19+25.74 71.26 +18.44 12.07 £ 14.67
(29.46 + 46.78)
TR ROM MCS 144.95 + 27.38 111.55 + 30.84 33.41+£15.34
(35.36 + 26.22)
MSS 137.68 +27.20 106.05 + 37.58 31.64+16.75
(40.80 + 36.28)
CG 123.09 + 27.71 104.88 + 35.65 18.20 +18.24
(27.19 +£ 40.31)
PST, deg MCS 49.68 + 8.21 71.59+9.19 21.90 £ 9.09
(46.66 + 23.48)
MSS 47.95 + 15.83 7014 £12.95 22.18+9.24
(56.39 + 41.05)
CG 49.35+13.80 58.78 +9.99 9.43+9.78
(26 + 33.57)

(continueq)
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Table 2. (continued)

Outcome Before
Measure Group Treatment After Treatment A (% Change)
Shoulder function | CMS score MCS 60.16 + 14.21 76.30 = 14.68 16.14 +£10.96
and disability (30.17 + 27.84)
MSS 51.66 + 12.68 70.07 £10.49 18.41+8.18
(41.39 + 32.57)
CG 53.48 £11.35 60.85 + 12.01 7.37 £9.62
(16.10 + 22.79)
QuickDASH score MCS 45.52 +£19.42 19.40 +14.79 —26.12 + 20.09
(-54.45 + 31.38)
MSS 51.76 £ 15.44 24.69 + 15.67 —27.07 +13.36
(-53.65 + 23.51)
CG 51.19+18.89 39.12 + 20.31 -12.08 + 14.66
(—22.93 + 25.97)

#Values are presented as mean + SD unless otherwise indicated.

A, change between 2 measurements; CG, control group; CMS, Constant-Murley score; ER, external rotation; IR, internal rotation; MCS, modified cross-body
stretch group; MSS, modified sleeper stretch group; PST, posterior shoulder tightness; QuickDASH, shortened version of the Disabilities of the Arm, Shoulder

and Hand questionnaire; ROM, range of motion; TR, total rotation.

pain during activity between the MCS and control group (P <
0.001) and MSS and control group (P < 0.001). There was no
significant difference between stretching groups (P > 0.05).

Shoulder Rotation ROM
Internal Rotation ROM

For IR ROM, there was a significant effect of time, with all
groups showing an increase. There was also a significant time-
group interaction. There was a significant difference between

groups when groups were compared across various time points.

One-way ANOVA revealed a significant effect of group on
changes in IR ROM (F = 15.78; P < 0.001). Post hoc analyses
revealed a significant difference in changes in TR ROM between
the MCS and control group (P < 0.001) and MSS and control
group (P < 0.001). There was no significant difference between
stretching groups (P > 0.05).

External Rotation ROM

For ER ROM, there was a significant effect of time, with all
groups showing an increase. There was no significant time-group
interaction. There was no significant difference between groups
when the groups were compared across various time points.

Total Rotation

For TR ROM, there was a significant effect of time, with all
groups showing an increase. There was also a significant time-
group interaction. There was no significant difference between

groups when the groups were compared across various time
points.

Posterior Shoulder Tightness

For PST, there was a significant effect of time, with all groups
showing a decrease (higher values indicate improvement).
There was also a significant time-group interaction. There was
no significant difference between groups when the groups were
compared across various time points.

Shoulder Function and Disability

For CMS and QuickDASH scores, there was a significant effect
of time, with all groups showing an increase. There was also a
significant time-group interaction. There was a significant
difference between groups when the groups were compared
across various time points. For CMS, 1-way ANOVA revealed a
significant effect of group on change in CMS score (F = 8.25;

P =10.001). Post hoc analyses revealed a significant difference for
change in CMS score between the MCS and control groups (P =
0.01) and the MSS and control groups (P = 0.001). No significant
difference was found between stretching groups (P > 0.05).

For the QuickDASH, 1-way ANOVA revealed a significant effect
of group on change in score (F = 6.03; P = 0.004). Post hoc
analyses revealed a significant difference for change in
QuickDASH score between the MCS and control groups (P =
0.016) and the MSS and control groups (P = 0.01). No significant
difference was found between stretching groups (P > 0.05).
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Table 3. Results of the 2-way ANOVA (mixed-model, repeated-measures) analysis

Outcome Post Hoc
Measure F P Partialn>  Power
Pain, cm Pain atrest | Within-participant | Time effect? 36.90 <0.001 0.37 1.00
effects
Time-group 2.66 0.08 0.08 0.99
interaction
Between-participant effects? 12.38 <0.001 0.28 1.00
Pain during | Within-participant | Time effect? 219.10 <0.001 0.77 1.00
activity effects
Time-group 25.48 <0.001 0.44 1.00
interaction?
Between-participant effects? 9.15 <0.001 0.22 0.99
Shoulder rotation | IR ROM Within-participant | Time effect? 252.87 <0.001 0.80 1.00
ROM, deg effects
Time-group 15.78 <0.001 0.33 1.00
interaction?
Between-participant effects® 4.01 0.02 0.11 0.84
ER ROM Within-participant | Time effect? 42.09 <0.001 0.40 1.00
effects
Time-group 0.10 0.91 0.01 0.28
interaction
Between-participant effects 0.36 0.70 0.01 0.12
TR ROM Within-participant | Time effect? 181.80 <0.001 0.74 1.00
effects
Time-group 5.52 0.01 0.15 1.00
interaction?
Between-participant effects 1.26 0.29 0.04 0.37
PST, deg Within-participant | Time effect? 206.52 <0.001 0.76 1.00
effects
Time-group 5.52 0.01 0.15 1.00
interaction?
Between-participant effects 1.89 0.16 0.06 0.54
Shoulder function | CMS score Within-participant | Time effect? 140.29 <0.001 0.69 1.00
and disability effects
Time-group 8.25 0.001 0.20 1.00
interaction?
Between-participant effects? 5.20 0.01 0.14 0.93
QuickDASH | Within-participant | Time effect’ 119.65 <0.001 0.65 1.00
score effects
Time-group 6.03 0.004 0.29 1.00
interaction?
Between-participant effects? 3.74 0.03 0.10 0.79

ANOVA, analysis of variance; CMS, Constant-Murley score; ER, external rotation; IR, internal rotation; PST, posterior shoulder tightness; QuickDASH, short-
ened version of the Disabilities of the Arm, Shoulder and Hand questionnaire; ROM, range of motion; TR, total rotation.
“ndicates a statically significant effect.
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DISCUSSION

Pain at rest decreased in all groups, probably because of the
treatment program.”’ Conversely, pain with activity decreased
more in the stretching groups. Moreover, a clinically significant
improvement for pain at rest was only seen in the MSS group and
for pain with activity in the stretching groups (minimal clinically
important difference [MCID], 1.4 cm).? As dynamic conditions
can have more potential to narrow the subacromial space
compared with resting conditions, leading to more pain,” correct
biomechanics with appropriate PSSE may be effective, especially
for pain during activity. The findings of Cools et al’ support our
results. They found a decrease in pain with activity after 3 weeks
of traditional PSSEs in athletes with SIS. In the only study
investigating the effects of modified PSSEs on pain, modified
PSSEs decreased pain in throwers. However, clinical conditions of
the throwers were not clear, stretching repetitions were not
standard, and only posttreatment values were presented."”

IR ROM increased more in the stretching groups compared
with the control group. The inflexibility of the posterior shoulder
structures causes anterior-superior migration of the humeral
head as well as scapular protraction and anterior tilt.""'* Possible
subacromial compression related to this migration has been
associated with limited IR ROM."* By increasing the flexibility
of the posterior shoulder structures with modified PSSE, these
negative biomechanical changes can be avoided. However, our
proposition should be interpreted with caution since we did not
perform a biomechanical analysis. Four weeks of cross-body
stretching improved IR ROM in athletically active patients with
GIRD compared with healthy controls, but sleeper stretching did
not."* With the same exercise prescription, we found that both
stretches improved IR ROM similarly, and the gains were
significant compared with no stretching. Appropriate exercise
prescription and stabilization of the scapula during both
modified PSSEs could enhance the effectiveness of stretching."
Another reason for the discrepancy in these results could be the
study populations. Our population was composed of SIS patients
with GIRD, which can be considered a study strength.* MCS
increased IR ROM compared with MSS in throwers with PST.
Acute reduction in the viscosity of the muscle-tendon unit may
be the reason of this improvement."” Mine'® found that acute
modified sleeper stretching and traditional cross-body stretching
were equally effective in GIRD and PST in asymptomatic
participants.”® Future studies comparing the effects of traditional
and modified stretches in SIS patients are needed.

We found similar clinically significant improvement for PST in
all groups (minimal detectable change [MDC], 8°)."" This result,
which contradicts the greater improvement in IR ROM found in
the stretching groups, can be attributed to the fact that different
test positions stretch different structures.” The capsule and
glenohumeral ligament are primarily stretched by IR, but the
capsule and posterior portion of the deltoid muscle are
stretched by horizontal adduction movement."” The lack of a
study using our PST test to evaluate the effects of modified
PSSEs makes it difficult to compare our results directly.

ER ROM and TR ROM increased in all groups similarly. We did
not expect any additional effect of stretching on ER ROM"
because stretching aimed to improve posterior shoulder
flexibility. Our treatment program may have provided ER ROM
improvement. However, TR ROM improvement could be
expected in stretching groups due to increased IR ROM. While
the improvement in TR ROM in the stretching groups was
greater than that in the control group, the lack of a significant
difference between groups may be attributable to insufficient
power (0.36). Further studies with larger sample sizes may
demonstrate potential benefits of stretching on TR ROM.

In terms of the QuickDASH score, there was a clinically
significant change in stretching groups (MCID, 15.91 points).” In
terms of CMS scores, true change occurred only in the MSS
group (MDC, 16.4 points).6 Stretching can affect glenohumeral
and scapular kinematics and therefore change the size of the
subacromial space."” Thus, soft tissue compression in the
subacromial space can be removed, reducing the level of pain,
and the upper extremity can be used more in functional
activities. An increase in the acromiohumeral distance was found
after 6 weeks of sleeper stretching in overhead athletes."* Based
on the aforementioned mechanisms, both modified PSSEs may
have the potential to reduce subacromial pressure, which could
lead to decreased pain and increased function. However, further
studies to prove these proposed mechanisms are needed.

Acute PSSEs did not change shoulder function after shoulder
surgery.”’ A 3-week PSSE program was effective in increasing
shoulder function in overhead athletes with SIS.” Although the
results of 4 weeks of stretching may be considered preliminary,
our results support the need for a longer stretching period to
ensure significant gains. In contrast, 4 weeks of sleeper stretch
did not improve shoulder function in overhead athletes with
PST.* However, they evaluated shoulder function using a VAS
instead of a composite functional score. To clarify the subject,
future studies should compare the effects of different stretching
periods on shoulder function.

Limitations

A major limitation of this study is the lack of blinding of the
therapist; however, it was not possible because it was a thesis
study. However, we took precautions to avoid bias. The
investigator who performed the measurements was blinded to
the device measurements throughout the study. A trained
assistant read and recorded them. The participants did not
know there were 3 treatment groups or which group they were
in. The relatively short period of stretching and the lack of long-
term follow-up after the stretching intervention are other
significant limitations. Last, a nontreatment control group was
not included because of ethical reasons.

CONCLUSION

The modified posterior shoulder stretches added to the
treatment program consisting of modalities, ROM, and strength
training are beneficial for patients with SIS having GIRD. All
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treatments improved pain, shoulder mobility, function, and
disability. The modified stretches in addition to the treatment
program were superior to the treatment program without PSSE

in improving pain with activity, IR ROM, function, and disability.
Stretches were equally effective, and stretching exercises
provided clinically significant improvements.

Clinical Recommendations

SORT: Strength of Recommendation Taxonomy
A: consistent, good-quality patient-oriented evidence
B: inconsistent or limited-quality patient-oriented evidence
C: consensus, disease-oriented evidence, usual practice, expert opinion, or case series

SORT Evidence
Clinical Recommendation Rating
According to the results of this randomized controlled trial, modified cross-body and modified sleeper stretches added to the treatment
program are beneficial for patients with SIS having GIRD in terms of improvement in shoulder mobility, pain, and dysfunction. We would A

recommend both stretches as safe and efficacious methods.
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