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Abstract
Objective: To investigate the effects of 2 different exercise programs on 3-dimensional scapular kinematics, disability, and pain in participants
with subacromial impingement syndrome (SIS).
Design: Randomized controlled trial.
Setting: Outpatient clinic and research laboratory.
Participants: Participants who were diagnosed with SIS and who also exhibited scapular dyskinesis (NZ30).
Interventions: The participants were randomized in 2 different exercise groups: (1) shoulder girdle stretching and strengthening with additional
scapular stabilization exercises based on a kinetic chain approach (intervention group), and (2) shoulder girdle stretching and strengthening
exercises only (control group).
Main Outcome Measures: Three-dimensional scapular kinematics, self-reported shoulder pain, and disability were evaluated at baseline, after 6
weeks of training, and after 12 weeks of training.
Results: Significant differences were observed between the control and intervention groups in external rotation and posterior tilt after 6 weeks of
training and in external rotation, posterior tilt, and upward rotation after 12 weeks of training. All groups showed improvement in self-reported
pain and disability scores; however, there were no significant differences between the groups.
Conclusions: Progressive exercise training independent from specific scapular stabilization exercises provides decreased disability and pain
severity in impingement syndrome.
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Shoulder pain may be a significant symptom of subacromial
impingement syndrome (SIS).1 SIS is a commonly diagnosed
cause of shoulder pain whose complex etiology is not completely
understood. It has been suggested that it involves mechanical
compression of the subacromial structures under the coracoacromial arch.2 This mechanical compression is often associated with multiple causative factors, including poor scapular
kinematics or scapular dyskinesis.3,4 Common causes (eg, postural
problems, dysfunction of the force couples, flexibility deficits of
the pectoralis minor and posterior capsule) may particularly affect
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scapulohumeral rhythm.5 As a result, because of the impaired
length-tension relation of the rotator cuff muscles, a deficit in the
centralization of the humeral head into the glenoid cavity may
occur.4 Although no clear relation is directly established between
scapular dyskinesis and specific pathology, addressing scapular
control is widely accepted as an important component of shoulder
rehabilitation.6
Exercise therapy that includes stretching and strengthening is
an effective tool for controlling pain and disability in patients with
SIS.7 Although scapular stabilization exercises are commonly
used as part of shoulder rehabilitation programs, the scientific
rationale for the training effect of scapular stabilization exercises
is less clear. McClure et al8 reported that a 6-week course of
traditional exercises had no effect on scapular kinematics.
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Similarly, Struyf et al9 reported that a scapular-focused stretching
and muscular control training program had no effect on scapular
upward rotation in participants with SIS. However, Worsley et al10
reported increased upward rotation and posterior tilt after a
10-week scapular repositioning training program in a single-group
study design. Therefore, the aim of this study was to investigate
the effects of 2 different exercise programs on 3-dimensional
scapular kinematics, disability, and pain in participants with SIS.
The hypothesis of this study was that a shoulder girdle stretching
and strengthening program with additional scapular stabilization
exercises would improve scapular kinematics and reduce
disability and pain compared with a shoulder girdle stretching and
strengthening program without additional exercises in participants
with SIS.

Methods
A randomized trial with parallel allocation using a 1:1 ratio was
carried out in the Department of Physiotherapy and Rehabilitation,
Hacettepe University, Ankara, Turkey, between November 2014
and April 2015. The Hacettepe University Institutional Review
Board approved the protocol for this study, and all participants
were informed of the nature of the study and signed a consent
form (GO14/189-35).

Participants
Patients with unilateral shoulder pain lasting >6 weeks were
included in the study. A consulting orthopedic surgeon diagnosed
the patients with SIS if they exhibited at least 2 of the following:
(1) painful arc during flexion or abduction; (2) a positive Neer11 or
Hawkins-Kennedy1 test; and (3) painful resisted external rotation,
abduction, or Jobe test.12 Patients were eligible for this study if
they had type 1 (characterized by prominence of the inferior
medial scapular angle) or type 2 (characterized by prominence of
the entire medial border) scapular dyskinesis based on observational examination13 and a positive scapular assistance test14 or
reposition test,15 to ensure the SIS symptoms were related to
scapular dyskinesis. Patients were excluded from this study if they
had a history of surgery, fracture, or dislocation and traumatic
onset of shoulder pain; existence of type 3 acromion; massive
rotator cuff tear; a long head of bicep tendon tear; or degenerative
joint disorder at the shoulder complex. Patients were also
excluded if they had any rheumatologic, systemic, or neurologic
disorders; any neuromusculoskeletal disorder (including cervical
radiculopathy); a body mass index >30kg/m2; or were pregnant.
Those who had received steroid injections and physical therapy
during the previous 6 months were also excluded.
Sample size calculations using G*Power softwarea were
informed by previous studies8-10,13 that were carried out with
similar outcome measure comparisons and suggested 8 differences for asymmetric motion threshold. Therefore, assuming a 5%
type 1 error with statistical power of 80%, factoring in a 15% to
20% dropout rate, a sample size of approximately 36 participants
were required as a study population.

List of abbreviations:
MDC minimal detectable change
SIS subacromial impingement syndrome
SPADI Shoulder Pain and Disability Index
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The participants were randomly separated into one of the
following study groups: intervention group or control group. An
independent researcher applied randomization by using computergenerated numbers, which were stratified based on observed
scapular dyskinesis type to avoid clustering across study groups. A
block size of 4 was used within the 2 strata.

Interventions
All exercises are listed and described in supplemental appendix S1
(available online only at http://www.archives-pmr.org/). Participants in the intervention group followed a supervised 12-week
exercise program consisting of a combination of closed and open
kinetic chain scapular stabilization exercises followed by shoulder
girdle strengthening exercises (ie, rotator cuff strengthening) and
stretching exercises (ie, posterior shoulder, pectoralis minor, levator
scapula, latissimus dorsi self-stretching exercises). Scapular stabilization exercises based on the kinetic chain approach were chosen
from previously published research and included wall slides with
squat, wall push-ups plus ipsilateral leg extension, lawnmower with
diagonal squat, resisted scapular retraction with contralateral 1-leg
squat, and robbery with squat.16-20 Rotator cuff strengthening
exercises incorporated with kinetic chain included resisted shoulder
internal rotation at 0 abduction with ipsilateral inward step,
shoulder external rotation at 0 abduction with ipsilateral sidestep,
and full can with step-up.17,21
Participants in the control group followed a supervised 12week exercise program consisting of strengthening (ie, rotator cuff
strengthening) and stretching (ie, posterior shoulder, pectoralis
minor, levator scapula, latissimus dorsi self-stretching exercises).
Rotator cuff strengthening exercises included resisted shoulder
internal rotation at 0 abduction, shoulder external rotation at
0 abduction, and full can. All resisted exercises were performed
with elastic bandsb with red color-coded resistance levels, and
progressed through green and blue bands. The exercise program
was focused on low range (<90 ), closed kinetic chain and
scapular stabilization exercises, and progressed to higher range
(>90 ) open kinetic chain rotator cuff exercises when the patient
could perform 10 pain-free repetitions within a given resistance.
The physiotherapist monitored exercise progression with weekly
visits. To enhance compliance in both groups, participants
received a brochure and exercise diary.

Outcome measures
Scapular kinematics, disability status, and pain severity were
recorded at baseline, 6 weeks (midpoint), and 12 weeks
(postintervention).
Three-dimensional kinematics for the scapula and humerus
were assessed using an electromagnetic tracking devicec interfaced with the Motion Monitor software program.d Data collected
with this electromagnetic tracking system have been found to be
reliable, and this method has been validated when humerothoracic
elevation is <120 .22 Previously reported between-day correlation
coefficient values range between .54 and .88, standard error of
measurement values range from 3.37 to 7.44 , and minimal
detectable change (MDC) values range from 7.81 to 17.27 .23
Our study found between-day reliability values that ranged from
.73 to .95, standard error of measurement values that ranged from
1.75 to 7.06 , and MDC values that ranged from 4.85 to 19.5 .
To collect data, 5 sensors were applied with double-sided
adhesive tape and further secured with rigid tape. The thoracic
www.archives-pmr.org
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Differences between the intervention and control groups were
analyzed on a per protocol basis. Between-group comparisons to
show differences in continuous outcomes (eg, scapular rotations,
disability and pain scores) were analyzed with a 23 repeatedmeasures analysis of variance test, using the factors group
(intervention or control) and time (baseline, 6wk, or 12wk). The
Greenhouse-Geisser correction was used to adjust the degrees of
freedom when the sphericity assumption was violated. When an
interaction term was significant, pairwise analyses were
performed. When an interaction term was not significant, the main
effect for time and group was evaluated. Within-group comparisons were performed using 1-way repeated-measures analysis of
variance, and Bonferroni correction was used to adjust the
significance levels.

because of history of surgery (nZ6), fracture (nZ4) or dislocation (nZ3), or traumatic onset (nZ4), existence of type 3
acromion (nZ4), massive rotator cuff tear or long head of biceps
tendon tear (nZ4), degenerative joint disorder at shoulder
complex (nZ6); rheumotologic, systemic, or neurologic disorders (nZ17); a neuromusculoskeletal disorder in the kinetic
chain including cervical radiculopathy (nZ15); body mass index
>30kg/m2 (nZ2); applied steroid injections and physical therapy
during the prior 6 months (nZ13); or unwillingness to participate (nZ5). A total of 36 participants enrolled, and 6 participants withdrew after randomization (fig 1). The intervention
group (nZ15) and control group (nZ15) shared similar baseline
characteristics (table 1). Tables 2-5 show the scapular rotations
and disability and pain scores at baseline, 6-week follow-up, and
12-week follow-up. All participants completed the exercise
program with a compliance rate of 91% (88.8%e93.1%) for the
intervention group and 93.5% (91.7%e95.2%) for the control
group (P>.05).
There was a statistically significant group by time interaction
at all tested humerothoracic elevation levels for scapular internalexternal rotation (fig 2 and table 2). Pairwise comparisons between baseline, 6-week follow-up, and 12-week follow-up at each
angle of shoulder elevation and lowering indicated that the
scapula was more externally rotated in the intervention group over
time, whereas there were no differences found in the control group.
There was a statistically significant group by time interaction
at 30 of elevation and 60 lowering for scapular upwarddownward rotation (fig 3 and table 3). Pairwise comparisons between the baseline, 6-week follow-up, and 12-week follow-up at
30 of elevation, and 60 of lowering, indicated that the scapula
was more upwardly rotated in intervention group at 12 weeks,
whereas there were no difference found in the control group.
However, there was a main effect of time at 60 , 90 , and 120 of
elevation and 90 of lowering for scapular upward-downward
rotation, indicating that, regardless of the exercise program, the
scapula was more upwardly rotated for all participants.
There was statistically significant group by time interaction at
all tested humerothoracic elevation levels except for 120 of
elevation for scapular anterior-posterior tilt (fig 4 and table 4)
Pairwise comparisons between baseline, 6-week follow-up, and
12-week follow-up at each angle of shoulder elevation and
lowering indicated that the scapula was more posteriorly tilted in
the intervention group through time, whereas there were no differences found in the control group. Also, there was no statistically significant main effect of time at 120 of elevation for
scapular anterior-posterior tilt.
There was no statistically significant group by time interaction
for self-reported disability scores (P>.05) (see table 5). However,
there was a main effect of time for self-reported disability scores
indicating that with time there was lower SPADI pain, SPADI
disability, and SPADI total scores for all study groups.
There was also no statistically significant group by time
interaction found for pain severity (see table 5). However, there
was a main effect of time for pain during activity and pain at night
indicating that with time there was less pain for all study groups.

Results

Discussion

Between February 2014 and April 2015, 119 participants with
SIS were recruited. Eighty-three participants were excluded

In patients diagnosed with SIS and accompanying scapular dyskinesis, exercise therapy was found to be an effective approach for

sensor was located over the T1 spinous process. The scapular
sensor was applied to each scapula over the flattest aspect of the
posterolateral aspect of the acromion in an attempt to reduce
artifacts produced by skin movement.4 The humeral sensor for
each arm was applied over the posterior aspect of the humerus
distal to the triceps muscle belly. Participants stood with their
arms relaxed, while bony landmarks (C7, T8, jugular notch,
xiphoid process, trigonum spine scapula, inferior angle, posterior
acromial angle, coracoid process, and lateral and medial epicondyle) were digitized. The method suggested by Meskers et al24
was used to define the rotation center of the glenohumeral joint.
Three-dimensional scapular and humeral kinematic data were
collected for sagittal plane shoulder elevation. Participants performed 3 repetitions of full overhead arm elevation (3s) and
lowering (3s), using a wooden pole as a guide, at a speed matching
the beat of a metronome (60 beats per minute). Participants were
asked to maintain full elbow extension and maintain a thumb-up
position during testing. The International Society of Biomechanics’ standard protocol25 was followed to define the segmental
axes and convert the local coordinate system into angular rotations
using the Euler angle sequence. Scapular rotations were represented using the Y-X0 -Z00 sequence, in which the first rotation
defined the degree of internal/external rotation, the second
upward/downward rotation, and the last anterior/posterior tilt.
Data for scapular orientation at 30 , 60 , 90 , and 120 of
humerothoracic elevation and lowering were obtained for each
repetition. The scapular orientation values at each humerothoracic
elevation angle for each movement were then averaged across the
3 repetitions.
Self-reported disability status was measured using the Turkish
version of the Shoulder Pain and Disability Index (SPADI), a
joint-specific validated disability scale ranging from 0 (fully
functional) to 100 (complete disability).26 The absolute values
(SPADI-Total score) of the combined subscores, which consisted
of 5 pain (SPADI pain score) and 8 disability (SPADI disability
score) items, were scored. Furthermore, pain severity at rest,
during activity, and at night was measured on a 10-cm visual
analog scale that ranged from 0 (no pain) to 10 (unbearable pain).27

Statistical analysis

www.archives-pmr.org

1918

E. Turgut et al

Fig 1

controlling pain and decreasing disability. However, adding
scapular stabilization exercises to the exercise program produced
slightly better results regarding scapular kinematics after 6 and 12

Table 1

Characteristics of cohorts

Characteristic
Age (y)
Sex, n
Body mass index
(kg/m2)
Dominant side
affected
Duration of
symptoms (mo)
Scapular dyskinesis

Control
Group (nZ15)

Intervention
Group (nZ15)

39.58.2
7 Female
8 Male
25.83.66

33.49.3
7 Female
8 Male
23.72.19

9 (60)

11 (81.8)

.07

6.56.7

.83

6.064.01
Type 1: 8 (53.3)
Type 2: 7 (46.6)

Type 1: 6 (40)
Type 2: 9 (60)

P*
.87
>.99
.11

.71

NOTE. Data are given as mean  SD, n (%), or as otherwise indicated.
* P values resulting from Student t test or Fisher exact test.

Flow diagram.

weeks of training. Therefore, the hypothesis of this study was
partly supported.
The findings of this study showed specific exercise
interventions have a minor effect on scapular kinematics; a
combination of scapular stabilization exercises, stretching, and
rotator cuff strengthening exercises were effective in obtaining
increased scapular external rotation, upward rotation, and posterior tilt. In this study, the performed exercises were selected
from exercises consisting of a combination of upper and lower
body movements and both open and closed kinetic chain scapular
retraction-protraction. This kinetic chain approach has recently
gained in popularity and has been recommended for use in the
rehabilitation of overhead throwing athletes.18,21 Maenhout
et al18 reported greater muscular activation levels were obtained
with kinetic chain cooperation in an electromyography study.
Therefore, possible mechanisms for explaining the differences
obtained through time include neural and muscular adaptations to
exercise training, which demand more scapular muscular activation. Increased flexibility of the posterior shoulder and pectoralis minor may also contribute to the observed kinematic
differences.
There is no universal description of altered scapular kinematics, making it difficult to consider which pattern or range
www.archives-pmr.org
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Table 2 Results of scapular internal-external rotation evaluated
before and after 6 and 12 weeks of training
Within-Subjects Effects
HTE Level

Control
Group

Intervention
Group

BetweenSubjects Effects
P



30 elevation
Baseline
6th week
12th week
P
60 elevation
Baseline
6th week
12th week
P
90 elevation
Baseline
6th week
12th week
P
120 elevation
Baseline
6th week
12th week
P
120 lowering
Baseline
6th week
12th week
P
90 lowering
Baseline
6th week
12th week
P
60 lowering
Baseline
6th week
12th week
P
30 lowering
Baseline
6th week
12th week
P

Table 3 Results of scapular upward-downward rotation evaluated before and after 6 and 12 weeks of training
Within-Subjects Effects
HTE Level

Control
Group

Intervention
Group

BetweenSubjects Effects
P



35.696.15
36.136.30
35.815.28
.68

40.614.23
35.863.88*
33.214.81y
<.001

<.001

40.686.35
41.096.39
41.516.76
.31

45.085.62
39.935.08*
37.526.70y
<.001

<.001

42.786.62
43.025.62
43.535.57
.35

47.565.64
40.335.84*
38.697.95y
<.001

<.001

36.898.44
37.027.92
38.627.16
.17

42.737.58
34.806.22*
33.98.63y
<.001

<.001

35.818.72
35.988.88
37.667.25
.20

41.017.14
33.567.32*
33.138.67y
<.001

<.001

39.057.16
39.166.96
39.546.29
.50

46.545.32
39.226.81*
36.437.46y
<.001

<.001

38.516.18
38.356.16
37.866.45
.51

44.895.48
37.855.65*
36.176.32y
<.001

<.001

36.146.04
36.974.79
35.296.05
.25

41.924.46
35.684.98*
32.775.31y
<.001

<.001

NOTE. Data are given as mean  SD or as otherwise indicated. Scapular
kinematics are presented in degrees.
Abbreviation: HTE, humerothoracic elevation level.
* Significant statistical difference based on pairwise comparisons
between baseline and week 6 (P<.001).
y
Significant statistical difference based on pairwise comparisons
between baseline and week 12 (P<.05).

should be considered normative. Increased scapular internal
rotation,4 anterior tilt,3,28,29 and decreased upward rotation4,28
have been shown to be related to impingement symptoms.30 Our
findings showed that there were increased external rotation and
posterior tilt after 6 weeks of training and increased upward
www.archives-pmr.org

30 elevation
Baseline
6th week
12th week
P
60 elevation
Baseline
6th week
12th week
P
90 elevation
Baseline
6th week
12th week
P
120 elevation
Baseline
6th week
12th week
P
120 lowering
Baseline
6th week
12th week
P
90 lowering
Baseline
6th week
12th week
P
60 lowering
Baseline
6th week
12th week
P
30 lowering
Baseline
6th week
12th week
P

1.974.67
2.195.64 .01
1.725.53
.906.21
1.705.05 2.776.58*
.88
.02
10.645.49 4.857.47
10.166.32 7.687.31
11.335.07 9.186.81
NT
NT

.08

17.534.20
18.474.86
18.883.31
NT

12.396.56
15.836.05
17.016.25
NT

.07

20.095.12
21.265.28
21.484.80
NT

18.136.81
21.626.89
20.828.68
NT

.31

19.875.21
20.436.20
20.675.12
NT

17.517.82
20.117.82
19.919.15
NT

.42

17.445.14
17.466.44
18.065.11
NT

11.706.76
14.807.17
15.958.03
NT

.07

12.115.41 5.356.65 .03
10.716.30 8.736.87
12.505.06 11.188.07*
.11
.02
2.585.83
2.335.83
1.867.21
.916.40
2.456.78 1.358.87
NT
NT

.22

NOTE. Data are given as mean  SD or as otherwise indicated. Scapular
kinematics are presented in degrees.
Abbreviations: HTE, humerothoracic elevation level; NT, not tested.
* Significant statistical difference based on pairwise comparisons
between baseline and week 12 (P<.05).

rotation after 12 weeks of training in the intervention group.
However, independent from kinematic changes, pain severity and
self-reported disability lessened to a similar degree from the sixth
week onward, compared with the baseline measurements, for both
study groups. Perceived results in improvement were the same
regardless of which intervention the participant received. This
trend can be explained by the complexity of the pain being studied
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Table 4 Results of scapular anterior-posterior tilt evaluated
before and after 6 and 12 weeks of training

Table 5 Results of self-reported disability and pain severity
evaluated before and after 6 and 12 weeks of training

BetweenSubjects Effects

BetweenSubjects
Effects

Within-Subjects Effects
HTE Level

Control
Group

Intervention
Group

Within-Subjects Effects
P
HTE Level



30 elevation
Baseline
6th week
12th week
P
60 elevation
Baseline
6th week
12th week
P
90 elevation
Baseline
6th week
12th week
P
120 elevation
Baseline
6th week
12th week
P
120 lowering
Baseline
6th week
12th week
P
90 lowering
Baseline
6th week
12th week
P
60 lowering
Baseline
6th week
12th week
P
30 lowering
Baseline
6th week
12th week
P

14.376.07 15.305.46 <.001
13.255.51 11.934.41*
13.425.56 8.815.60y
.20
<.001
16.926.55
17.396.08
16.996.75
.75

17.386.75 <.001
14.665.75*
10.836.16y
<.001

14.627.83
14.628.16
14.267.30
.85

16.437.66 <.001
13.877.94*
10.496.57y
<.001

12.058.81 10.7812.22
11.769.06 9.858.64
12.098.81 6.496.74
-

.25

12.288.50 13.398.35 <.001
11.788.92 9.968.73*
12.317.96 6.617.08y
.70
<.001
15.816.47 18.06.78 <.001
15.456.91 15.428.05*
14.865.64 14.867.59y
.30
<.001
16.806.80
16.466.53
16.516.66
.70

19.736.38 <.001
17.326.69*
13.116.01y
<.001

16.105.93
15.415.98
14.365.78
.05

18.465.86 <.001
14.495.06*
11.716.16y
<.001

NOTE. Data are given as mean  SD or as otherwise indicated. Scapular
kinematics are presented in degrees.
Abbreviation: HTE, humerothoracic elevation level.
* Significant statistical difference based on pairwise comparisons
between baseline and week 6 (P<.05).
y
Significant statistical difference based on pairwise comparisons
between baseline and week 12 (P<.05).

(eg, perception of pain) that is regulated at the spinal and cortical
level and is often influenced by psychosocial conditions.31
Three-dimensional scapular kinematics recording with electromagnetic tracking has recently been used in participants with
and without impingement symptoms, but the measurement was
not found to be highly reliable over time.23 Haik et al23 previously

SPADI pain
Baseline
6th week
12th week
SPADI disability
Baseline
6th week
12th week
SPADI total
Baseline
6th week
12th week
Pain at rest
Baseline
6th week
12th week
Pain during activity
Baseline
6th week
12th week
Pain at night
Baseline
6th week
12th week

Control
Group

Intervention
Group

56.3024.30
33.2016.91
27.8621.32

56.9324.44
26.8322.35
13.3612.95

.05

41.5822.96
24.1217.26
19.4220.16

36.0822.23
16.8219.59
7.0010.34

.50

47.2522.94
27.9516.75
22.1820.16

44.0721.66
20.1820.45
9.2311.21

.24

.871.98
00
.18.72

.621.24
.25.87
00

.54

5.322.99
2.362.54
1.262.78

4.842.30
1.521.58
.381.01

.86

2.283.36
.621.49
.531.80

2.633.74
.521.36
00

.57

P

NOTE. Data are given as mean  SD or as otherwise indicated. SPADI
scores are presented in points, and pain severity are presented in
centimeters.
Abbreviation: HTE, humerothoracic elevation level.

reported MDC values of up to 17.27 . Standard error of measurement for each kinematic variable was calculated, and the results suggested that the kinematic changes for some variables were
greater than the MDC value. Therefore, it can be considered true
changes mostly after 12-week training. Furthermore, kinematic
differences in the magnitude of scapular rotations in the current
study reached the suggested values for symmetric scapular motion
that were described by Uhl et al.13 Our observed differences were
also similar to previously measured results that compared symptomatic and asymptomatic individuals.28
Appropriate scapular posterior tilt is one factor that can elevate
the anterior acromion during humeral elevation and, in turn, increase the subacromial space.32 The findings of this study support
previous reports that exercise training results in increased scapular
posterior tilt and decreased impingement symptoms.10,33 Roy
et al33 reported improved SPADI scores and increased posterior
tilt at 70 of sagittal plane elevation after a 4-week progressive
scapular motor control and strengthening training. Similarly,
Worsley et al10 reported an improved SPADI score of approximately 10 points and increased posterior tilt of approximately 3.7
at 90 of elevation after 10 weeks of motor control retraining
exercises for the shoulder. Our study showed improved SPADI
scores of up to 23.8 and 34.8 points for the intervention group, and
www.archives-pmr.org
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Fig 2 Scapular internal-external rotation during shoulder elevation and lowering among study groups evaluated before and after 6 and 12
weeks of training. *Statistically significant group by time interaction.

an increased posterior tilt at 90 of humeral elevation with a
magnitude of 2.5 and 5.9 after 6 weeks and 12 weeks of training,
respectively.

Study limitations
This study has some limitations. The findings of this study only
apply to young adults diagnosed with stage 1 or 2 subacromial
impingement who had type 1 or 2 scapular dyskinesis; they are

not applicable to participants with chronic symptoms who also
exhibit type 3 acromion or who have secondary impingement
because of rotator cuff weakness. Additionally, the method used
to distinguish between types of scapular dyskinesis has poor
reliability.13 From a methodologic perspective, the active control
group was preferable to a passive or placebo intervention. However, previous reports have revealed that no intervention or placebo application was found to have no relief on impingements
symptoms.34-36

Fig 3 Scapular upward-downward rotation during shoulder elevation and lowering among study groups evaluated before and after 6 and 12
weeks of training. *Statistically significant group by time interaction.

www.archives-pmr.org
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Fig 4 Scapular anterior-posterior tilt during shoulder elevation and lowering among study groups evaluated before and after 6 and 12 weeks of
training. *Statistically significant group by time interaction.

Conclusions
Our findings support the idea that exercise therapy is an effective
and safe tool for controlling pain and improving disability status.
However, adding scapular stabilization exercises to shoulder girdle stretching and strengthening exercises produced slightly better
but arguably not clinically significant results regarding scapular
kinematics after 6 and 12 weeks of training.
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Supplemental Appendix S1

Description of exercises

Exercise

Description

Dosage

Groups

Figure

Pectoralis minor
stretching

Subject is standing, arms positioned at wall with
elbow flexion into 90 ; subject performs
stretching with leaning forward.

5 reps  3

Control,
intervention

Posterior shoulder
stretching

Subject is sitting, arm positioned at flexion and
horizontal adduction; subject stretches posterior
shoulder without producing any anterior shoulder pain.

5 reps  3

Control,
intervention

Levator scapula
stretching

Subject is sitting, hand positioned interscapular
region, and performs cervical lateral flexion.

5 reps  3

Control,
intervention

Latissimus dorsi
stretching

Subject is sitting, hand positioned interscapular
region, other hand supports the elbow and performs
trunk lateral flexion and slight rotation and flexion.

5 reps  3

Control,
intervention

Resisted shoulder
internal rotation

Subject is standing with 0 shoulder abduction; resistance
band is fixed laterally at waist level; subject performs
shoulder internal rotation with fixed elbow.

10 reps  3

Control

Resisted shoulder
external rotation

Subject is standing with 0 shoulder abduction; resistance
band is fixed laterally at waist level; subject performs
shoulder external rotation with fixed elbow.

10 reps  3

Control

Resisted full can

Subject is standing, resistance band is fixed under foot;
subject performs shoulder scapular plane elevation
with elbow in extension.

10 reps  3

Control

(continued on next page)
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Supplemental Appendix S1 (continued )
Exercise

Description

Dosage

Groups

Wall slides with
squat

Subject is in squat position, hand positioned
on wall; while returning erect position subject
performs scapular with elbow into flexion.

10 reps  3

Intervention

Wall pushups with
ipsilateral leg
extension

Subject standing, both hands positioned on wall;
subject performs scapular protraction with ipsilateral
leg extension.

10 reps  3

Intervention

Lawnmower with
diagonal squat

Subject is in squat position, resistance band
is fixed under contralateral foot; subject performs
scapular retraction while returning erect and
rotated position.

10 reps  3

Intervention

Resisted scapular
retraction with
contralateral
1-leg squat

Subject is in 1-leg squat position, resistance band is fixed
at waist level; subject performs scapular retraction.

10 reps  3

Intervention

Robbery with squat

Subject is in squat position; subject performs scapular
retraction and shoulder external rotation while
returning erect position.

10 reps  3

Intervention

Resisted shoulder
internal rotation
with step

Subject is standing with 0 shoulder abduction;
resistance band is fixed laterally at waist level;
subject performs shoulder internal rotation with
ipsilateral inward step.

10 reps  3

Intervention

Resisted shoulder
external rotation
with step

Subject is standing with 0 shoulder abduction;
resistance band is fixed laterally at waist level;
subject performs shoulder external rotation with
ipsilateral sidestep.

10 reps  3

Intervention

Figure

(continued on next page)
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Supplemental Appendix S1 (continued )
Exercise

Description

Dosage

Groups

Resisted full
can with step

Subject is standing, resistance band is fixed under foot;
subject performs shoulder scapular plane elevation with
contralateral step-up.

10 reps  3

Intervention

Figure

NOTE. All resisted exercises were progressed from starting 10 reps  3 sets to 15 reps  3 sets and 20 reps  3 sets weekly, supervising movement
quality, presence of pain, and fatigue. If subject achieves 20 reps  3 successfully, heavier resistance with resistance band color-coded loading
prescribed from 10 reps  3 sets.
Abbreviation: reps, repetitions.
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