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ABSTRACT

ARTICLE HISTORY

The relationship between subacromial pain syndrome (SAPS) and altered scapular movement has
been previously reported. The purpose of this review was to determine the effect of interventions
that focus on addressing scapular components to improve shoulder pain, function, shoulder range
of motion (ROM), and muscle strength in adults with SAPS. Databases searched in September
2016 were: PubMed, the Cochrane Central Register of Controlled Trials [Central], EMBASE [via
Ovid] and PEDro. All studies selected for this review were randomized controlled trials. In total, six
studies met the inclusion criteria and were included in the meta-analyses. In adults with SAPS,
scapular focused interventions significantly improved pain with activities (MD [95% CI] = −0.88
[−1.19 to −0.58], I2 43%) and shoulder function (−11.31 [−17.20 to −5.41] I2 65%) in the short term.
No between-group difference in shoulder pain and function were found at follow up (4 weeks). A
between-group difference in shoulder abduction ROM in the short term only was found (12.71
[7.15 to 18.26]°, I2 36%). No between-group difference in flexion ROM, supraspinatus muscle
strength, pectoralis minor length or forward shoulder posture were found. In conclusion, in adults
with SAPS, scapular focused interventions can improve short-term shoulder pain and function.
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Introduction
Shoulder pain is a symptom experienced by 7%–27% of
the general population (Luime et al., 2004). This issue
substantially contributes to lost working days and disability (Virta, Joranger, Brox, and Eriksson, 2012). In
Sweden, the mean health care cost was €326 per patient
per six months in 2009, and 60% of people with
shoulder pain required physical therapy intervention
(Virta, Joranger, Brox, and Eriksson, 2012). Of the
several shoulder conditions that include shoulder
pain, the most common is subacromial impingement
syndrome, accounting for 44%–65% of all complaints
of shoulder pain (Chard et al., 1991; Van der Windt,
Koes, de Jong, and Bouter, 1995; Vecchio, Kavanagh,
Hazleman, and King, 1995). This syndrome is traditionally characterized by a narrowing of the subacromial space that causes encroachment of the
subacromial tissues such as the rotator cuff and subacromial bursa (Lewis, Green, and Wright, 2005; Neer,
1972). However, “subacromial pain syndrome (SAPS)”
may be considered more accurate terminology, given
the inconsistencies in the traditional model (Diercks
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et al., 2014; Lewis, 2011; Savoie et al., 2015). The traditional term subacromial impingement suggests that the
surrounding bony architecture of the subacromial space
is responsible for the development of the painful syndrome. However, there does not appear to be a consistent relationship between acromial shape or acromiohumeral distance and symptoms (Balke et al., 2013; Gill
et al., 2002; Michener et al., 2015; Moor et al., 2014;
Worland et al., 2003; Yi et al., 2015) and surgical
approaches to remove encroaching bone (i.e., to reduce
“impingement”) are not more effective than conservative approaches to manage symptoms (Dong et al.,
2015; Page et al., 2016), suggesting that “impingement”
is not the defining characteristic of this syndrome.
Therefore, SAPS may include bursitis, biceps tendinitis,
calcific tendinitis, supraspinatus tendinopathy, partial
tear of the rotator cuff, and tendon cuff degeneration
(Diercks et al., 2014; Lewis, 2011).
Altered scapular movement (dyskinesis) may be a
factor associated with SAPS (Kibler et al., 2013). Prior
research has shown that these altered movements
include decreased scapular external rotation, either
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increased or decreased scapular upward rotation,
decreased scapular posterior tilting, with altered
motor control (i.e., decreased activity of serratus anterior, middle and lower trapezius and increased activity
of the upper trapezius or levator scapuli muscle) (Cools
et al., 2004; Lawrence, Braman, Laprade, and Ludewig,
2014). Recently, two prospective studies (Reuther et al.,
2014, 2015) on biomechanical properties of tendons in
rats indicated that scapular motor control contributed
to the alteration of tendon mechanical properties in
rotator cuff muscles, which was consistent with tendon
pathology. Therefore, it is postulated that scapular dyskinesia could be a factor to consider with SAPS.
Physical therapy interventions for people with SAPS
could aim to address pain, loss of range of motion, and
muscle function (Ellenbecker and Cools, 2010).
Techniques can include exercise therapy, manual therapy, massage, electrotherapy, ultrasound treatment,
laser treatment, extracorporeal shockwave therapy,
and acupuncture (Desjardins-Charbonneau et al.,
2015; Diercks et al., 2014; Kromer et al., 2009; Kuhn,
2009). Systematic reviews have found that the evidence
to support the effectiveness of the majority of these
interventions on the symptoms and impairments associated with SAPS is limited (Diercks et al., 2014;
Kromer et al., 2009). It is worthwhile examining the
effect that scapular focused interventions may have in
those with SAPS, to provide information on whether it
could be used as an adjunct to non-scapular focused
interventions. Two systematic reviews on the effectiveness of physical therapy interventions for people with
SAPS have specifically compared whether interventions
that focus on addressing scapular dysfunction are more
effective than interventions that do not focus on
addressing scapular dysfunction to improve shoulder
pain and function (Bury, West, Chamorro-Moriana,
and Littlewood, 2016; Reijneveld et al., 2017).
However, one review did not conduct a meta-analysis
(Reijneveld et al., 2017), the reviews differed in which
clinical trials were included and did not examine shortand long-term time effectiveness, nor did they generate
a pooled estimate of effect for scapular related outcomes (Bury, West, Chamorro-Moriana, and
Littlewood, 2016; Reijneveld et al., 2017). Therefore,
the aim of this systematic review was to investigate
the effectiveness of interventions that focus on addressing scapular components compared to interventions
that do not focus on addressing scapular components
to improve shoulder pain, function, shoulder range of
motion (ROM) muscle strength and scapular outcomes
in adults with SAPS. In particular, this review aims to
conduct a prospectively registered systematic review,
using the recommended databases (Michaleff et al.,

2011), while examining short- and medium-term time
points and scapular outcomes.

Methods
Data sources and searches
Studies were identified by searching four main databases (PubMed, the Cochrane Central Register of
Controlled Trials [Central], EMBASE [via Ovid] and
PEDro). The search was conducted in September 2016,
and databases were searched from their inception to
September 2016. The search terms that were used are
presented in the online Supplement 1. In addition,
hand searching of abstracts from scientific meetings of
the American Shoulder and Elbow Surgeons (ASES),
European Society for Surgery of the Shoulder and the
Elbow (ESSSE), Shoulder and Elbow Society of
Australia (SESA) was performed (from 2013 to 2015).
This systematic review was prospectively registered at
PROSPERO.
Trial
registration
number
was
CRD42015025949.
Study selection
This systematic review included randomized controlled
trials (RCTs) in which participants with shoulder pain
due to SAPS were allocated to receive a physical therapy intervention that focused on addressing scapular
components and either an intervention that did not
focus on addressing scapular components or no intervention (online Supplement 2). Studies published in
languages other than English, Japanese, Portuguese, or
Spanish were excluded.
After removing duplicates, two reviewers (HS and
LM) independently screened the titles, and abstracts of
all studies were identified. After this, disagreements
between the two reviewers (HS and LM) were resolved
by discussion with the other two reviewers (MH and
VC). Two reviewers (HS, LM) then independently
examined the full text of each study to be included.
Authors of potential studies were contacted to clarify
details regarding inclusion criteria and interventions.
Inclusion criteria comprised studies that included
participants who were 18 years and older who had
SAPS. Studies had to indicate that the clinical diagnosis
was determined by: 1) shoulder pain; and 2) at least one
positive finding in the Jobe, Hawkins, Neer, full can or
empty can tests (Cools, Cambier, and Witvrouw, 2008;
Cools et al., 2003, 2004; Moraes, Faria, and TeixeiraSalmela, 2008).
Studies in participants who had any other primary
diagnosis (i.e., adhesive capsulitis, acromioclavicular
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joint pathology, and cervical pathology) were excluded.
Other exclusion criteria were studies that included participants who had: pain below the elbow; previously
undergone surgery for SAPS; cardiac surgery including
pacemakers and device implantations; shoulder pain
due to other serious medical conditions (e.g., cancer);
neurological abnormalities (e.g., hemiplegia and neuropathy); bony lesions (e.g., osteoporosis and fracture);
rheumatic diseases; and other specific reasons that
would significantly impact on shoulder function (e.g.,
use of manual wheelchairs).
Although there are a number of factors that influence
scapular kinematics, scapular focused intervention was
defined as interventions that focused on the scapulothoracic joint or muscles that move the scapula relative
to the thorax such as serratus anterior, trapezius, rhomboids and levator scapulae. Studies had to include scapular focused interventions with ≥4 occasions of service
for longer than 2 weeks. Interventions that targeted the
rotator cuff were excluded. Accepted interventions consisted of manual therapy, stretching, motor control
training, ultrasound, laser, extracorporeal shockwave
therapy, and acupuncture. Comparison interventions
were either physical therapy interventions that did not
focus on addressing the scapulothoracic joint (i.e., glenohumeral mobilization and stretching, cervical intervention) or no intervention.
The primary outcome of this systematic review was
shoulder pain as measured by any scale or questionnaire
(e.g., Visual analogue scale [VAS], Numerical Rating Scale
[NRS], and pain subscale of the Shoulder Pain and
Disability Index [SPADI]). Secondary outcomes comprised: 1) shoulder function: Disabilities of the arm,
shoulder, and hand (DASH) (Hudak, Amadio, and
Bombardier, 1996); SPADI score (Roach, BudimanMak, Songsiridej, and Lertranakul, 1991); the Shoulder
Disability Questionnaire (SDQ) (Van der Windt et al.,
1998); and the Western Ontario Rotator Cuff (WORC)
index (Kirkley, Griffin, and Dainty, 2003); 2) shoulder
range of motion (ROM); and 3) shoulder muscle strength.
Scapular associated outcomes such as pectoralis muscle
length and forward shoulder posture were also examined.
Data extraction and quality assessment
Two reviewers (HS, VC) extracted data, and data was
checked for accuracy by two independent reviewers
(MH, LM). After this, meta-analyses were conducted
by the three reviewers (LM, VC, MH) for the primary
and secondary outcomes using Review Manager 5.3
(Nordic Cochrane Centre, Copenhagen).
The Cochrane Collaboration’s “seven evidence-based
domains” tables (i.e., random sequence generation,
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allocation concealment, blinding of participants, blinding of outcome assessment, incomplete outcome data,
selective reporting and other possible sources of bias)
were used to assess risk of bias as low, high, or unclear
for each of the seven domains (Higgins and Green,
2011). Quality or risk of bias was cross-checked by
four reviewers (HS, VC, MH, LM). Reporting bias was
assessed by searching protocols of RCTs published in
clinical trials registries to determine whether all the
outcome measures described in the protocol were
reported in the final study.
Data synthesis and analysis
The mean difference (MD) or standardized mean difference (SMD) with their respective 95% confidence intervals (CI) were used in the meta-analyses of continuous
outcomes; MD for outcomes assessed using the same
measurement scales and SMD for outcomes assessed
using different measurement scales across the included
studies. Effect sizes with a 95% CI for between-group
differences of the outcome measures used were calculated for each of the included studies. If median and
interquartile range (IQR) were provided, they were converted to mean and standard deviation (SD) (Hozo,
Djulbegovic, and Hozo, 2005). When intervention and
control groups had similar measures at baseline, postintervention values were used for the meta-analysis. If
there was a significant difference between groups at
baseline, and CIs were provided, changes from baseline
to post-intervention were used for the meta-analysis.
Where the SD of the change from baseline was not
given, it was estimated based on 95% CIs. For standardization of pain scales to the VAS that ranges between 0
and 10, the SPADI pain subscale was converted from 0
and 100 to a scale between 0 and 10. For standardization
of shoulder function, the total score of the WORC was
subtracted from 100 in order to change the direction of
the scale so that the WORC had the same direction of the
other shoulder functional scales (DASH, SPADI, and
SDQ). That is, for shoulder function scales, 0 denoted
normal function and 100 indicated severe limitation.
Clinical heterogeneity within all included trials was
examined and reported. Statistical heterogeneity was
investigated by visual assessment of forest plots and
calculation of the I2 statistic. The I2 provided an estimate of the percentage of variability due to heterogeneity rather than to chance alone. Where the I2 estimate
50% or more, this was treated as “substantial heterogeneity” (Higgins and Green, 2011).
Meta-analyses were conducted in Review Manager
5.3 using the inverse variance DerSimonian and Laird
method (DerSimonian and Laird, 1986) for the primary
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and secondary outcome measures. A random-effect
model was utilized in order to calculate summary estimates. If the studies were shown to be homogeneous, a
fixed-effect model was applied.
Sensitivity analysis was performed to assess whether
study design affected the overall result of the metaanalysis. Two studies utilized a slightly different RCT
design (Moezy, Sepehrifar, and Solaymani Dodaran,
2014; Struyf et al., 2013); a direct comparison between
scapular focused interventions versus non-scapular
focused interventions, whereas the remainder of the
studies investigated the addition of scapular focused
intervention to usual care (Aytar et al, 2015; Başkurt,
Başkurt, Gelecek, and Özkan, 2011; Miller and
Osmotherly, 2009; Shah, Sutaria, and Khant, 2014).
Sensitivity analysis was performed to assess whether
intervention type (i.e., passive versus active intervention) affected the overall result of the meta-analysis.

Results
Flow of studies through the review
Figure 1 displays the study flow diagram. The initial
search identified 655 records from all databases, and no

Figure 1. Flow of studies through the review.

records were found in abstracts from scientific meetings. After removing duplicates, 479 studies were identified for further assessment. Of these, 404 studies were
excluded on the basis of title and abstract. Seventy-five
full-texts were assessed for eligibility. Of these, 69 studies were excluded and six RCTs, which were written in
English, were included in this review.

Characteristics of studies
All six studies (Aytar et al, 2015; Başkurt, Başkurt,
Gelecek, and Özkan, 2011; Miller and Osmotherly,
2009; Moezy, Sepehrifar, and Solaymani Dodaran,
2014; Shah, Sutaria, and Khant, 2014; Struyf et al.,
2013) only included participants with a diagnosis of
SAPS according to the inclusion criteria of this review.
The total number of participants across the six RCTs
was 250, ranging from 18 to 68 in each study. The
mean or median age and gender distribution of each
study are described in Table 1.
The interventions utilized by the six included studies
varied and included scapular mobilization, taping, muscle retraining and stretching (Table 1). Four studies
investigated the addition of scapular focused

N = 40 (Intervention
group = 20; Control
group = 20)
Age (yr): Intervention
group = 51.5 (SD 8.4); Control
group = 20 51.3 (SD 11.6)

Baskurt et al.
(2011)
Additive
study

Participants

N = 44 (Intervention
group = 22; Control
group = 22)
Age (yr) mean: all = 52.0 (SD
4.0); Intervention group = 52.0
(SD 3.0); Control group = 52.0
(SD 4.0)
M/F:
All = 15/51 (22.7/77.3);
Intervention group = 4/18
(18.2/81.8); Control group = 8/
14 (36.4/63.6)

Aytar et al.
(2015)
Additive
study

Study

Interventions

Outcome measure

Total intervention duration for all groups
was 6 weeks with a total of 18 treatment
sessions
Intervention group = a standardized
flexibility, strengthening and Codman
exercises + scapular stabilization exercise
Control group = a standardized flexibility,
strengthening and Codman exercises
VAS with activity, WORC, shoulder
flexion and abduction ROM,
supraspinatus muscle strength (kg)

Between-group Mean Difference (MD)
(95% CI)
Effect size (95% CI)

(Continued )

VAS with activity
-At the completion: MD: −1.0 (−2.5 to
0.5)
Effect size:
0.4 (−1.0 to 0.2)
-At 4-week follow up: −0.8 (−2.4 to 0.8)
Effect size:
-0.3 (−0.9 to 0.3)
DASH
-At the completion: 4.1 (−6.5 to 14.7)
Effect size:
0.2 (−0.4 to 0.8)
-At 4-week follow up: 0.7 (−7.8 to 9.2)
Effect size:
0.1 (−0.6 to 0.7)
Shoulder flexion ROM
-At the completion: MD: 2.0 (−3.6 to 7.6)
Effect size:
0.2 (−0.4 to 0.8)
-At 4-week follow up:
MD: 7.0 (2.0 to 12.0)
Effect size:
0.9 (0.2 to 1.5)
VAS with activity
VAS with activity
-At the completion Intervention: 3.0 -At the completion: MD: −0.2 (−1.4 to
1.0)
(1.6)
Effect size:
Control: 3.2 (2.1)
-0.1 (−0.7 to 0.5)
WORC #
-At the completion Intervention: 17.4 WORC
(10.3) Control: 29.2 (19.7)
-At the completion: MD:-11.9 (−21.6 to
Shoulder flexion ROM
−2.2)
-At the completion
Effect size:
Intervention: 179.8 (1.1) Control: 178.5 -0.7 (−1.4 to −0.1)
(4.6)
Shoulder flexion ROM
Shoulder abduction ROM
-At the completion: MD: 1.3 (−0.8 to 3.4)
-At the completion
Effect size:
Intervention: 179.8 (11.1) Control:
0.4 (−0.3 to 1.0)
177.0 (13.4)
Shoulder abduction ROM
Supraspinatus muscle strength
-At the completion: MD: 2.8 (−11.4 to
-At the completion
17.0)
Intervention: 11.6 (1.3) Control: 10.8 Effect size:
(1.6)
0.1 (−0.5 to 0.7)
# = the WORC was subtracted from
Supraspinatus muscle strength
100
-At the completion: MD: 0.80 (−0.1 to
1.7)
Effect size:
0.5 (−0.1 to 1.2)

Result mean

Total intervention duration for all groups
VAS with activity, Turkish version of VAS with activity
was 3 weeks with a total of 9 treatment
the Quick DASH, shoulder ROM
-At the completion
sessions.
flexion
Intervention: 3.8 (2.8)
Intervention group = scapular mobilization 3
Control: 4.8 (2.3)
times for 10 repetitions and a rate of 1 cycle
-At 4-week follow up
per 6 seconds, with a 30-second interval
Intervention: 3.0 (2.8) Control: 3.8 (2.4)
between sets.
DASH
Control group = sham scapular mobilization
-At the completion
3 times for 10 repetitions and a rate of 1
Intervention: 29.7 (18.6) Control: 25.6
cycle per 6 seconds
(17.1)
with 30-second intervals between sets.
-At 4-week follow up
Intervention: 19.5 (14.0)
Control: 18.8 (13.5)
Shoulder flexion ROM
-At the completion Intervention: 173.0
(10.0)
Control: 171.0 (9.0)
-At 4-week follow up
Intervention: 178.0 (8.0)
Control: 171.0 (8.0)

Table 1. Characteristics of included studies.
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Study
Miller and
Osmotherly
(2009)
Additive
study

Participants
N = 22 (intervention
group = 12; Control
group = 10)
Age (yr) median: intervention
group = 62.0 (IQR 51.0–67.0);
control group = 54.5 (IQR
45.5–62.5)
M/F: Intervention = 3/7;
Control = 7/5

Table 1. (Continued).

Interventions
Total intervention duration for all groups
was 2 weeks with a total of 6 treatment
sessions
Intervention = routine physical therapy
treatment + taping
Control = routine physical therapy
interventions

Outcome measure
SPADI total, SPADI pain, Shoulder
flexion and abduction ROM
(AS data were provided in median
and IQR, they were converted to
mean and SD)

Result mean
SPADI pain&
-At the completion Intervention: 2.3
(0.5) Control: 4.05 (1.4)
-At 4-week follow up
intervention: 1.6 (0.7) Control: 2.5 (1.7)
SPADI total
-At the completion
Intervention: 21.0 (4.4) Control: 38.0
(12.0)
-At 4-week follow up
intervention: 15.5 (9.1) Control: 24.6
(17.0)
Shoulder flexion ROM
-At the completion
Intervention: 128.5 (3.4) Control: 130.8
(8.4)
-At 4-week follow up
Intervention: 142.3 (6.3) Control: 147.5
(5.5)
Shoulder abduction ROM
-At the completion
Intervention: 123.0 (6.1) Control: 114.0
(20.8)
-At 4-week follow up
Intervention: 127.5 (5.76)
Control: 119.5 (20.2)
& = SPADI pain data was converted to
scale of 0 to 10

(Continued )

SPADI pain
-At the completion: MD: −1.8 (−2.7 to
−0.9)
Effect size:
-1.4 (−2.6 to −0.3)
-At 4-week follow up:
MD: −0.9 (−2.1 to 0.3)
Effect size:
-0.6 (−1.6 to 0.4)
SPADI total
-At the completion: MD: −16.5 (−24.2 to
−8.9)
Effect size:
-1.5 (−2.7 to 0.4)
-At 4-week follow up:
MD: −9.1 (−21.5 to 3.3)
Effect size:
-0.6 (−1.6 to 0.4)
Shoulder flexion ROM
-At the completion: MD: −2.3 (−7.8 to
3.2)
Effect size:
-0.3 (−1.3 to 0.7)
-At 4-week follow up:
MD: −5.2 (−11.2 to 0.8)
Effect size:
-0.9 (−1.9 to 0.2)
Shoulder abduction ROM
-At the completion: MD: 9.0 (−3.7 to
21.7)
Effect size:
0.5 (−0.5 to 1.5)
-At 4-week follow up
MD: 8.0 (−0.5 to 20.8)
Effect size:
0.5 (−0.6 to 1.5)

Between-group Mean Difference (MD)
(95% CI)
Effect size (95% CI)
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Participants
N = 72 (Intervention
group = 36)
Control group = 36)
Age (yr) mean: Intervention
group = 48.2 (SD 13.8);
Control group = 47.8 (SD 7.8)

N = 60 (Intervention
group = 30)
Control group = 30)
Age (yr) mean: Intervention
group = 46.9; Control
group = 47.0

Study
Moezy,
Sepehrifar,
and
Solaymani
Dodaran
(2014)
Direct
comparison
study

Shah, Sutaria,
and Khant
(2014)
Additive
study

Table 1. (Continued).

Total intervention duration for all groups
was 4 weeks with a total of 24 treatment
sessions
Intervention = conventional physiotherapy
(strengthening and stretching program) +
scapular stability exercise
Control = conventional physiotherapy

Interventions
Total intervention duration for all groups
was 6 weeks with a total of 18 treatment
sessions
Intervention = scapular stabilization based
exercise
Control = conventional physiotherapy
(physical modalities and range of motion
exercise)

VAS with activity, SPADI

Outcome measure
VAS with activity, abduction ROM,
pectoralis minor muscle length,
forward shoulder translation

VAS with activity -At the completion
Intervention: 4.0 (0.7)
Control: 4.8 (0.8)
SPADI
-At the completion
Intervention: 31.8 (6.2) Control: 46.1
(6.1)

Result mean
VAS with activity
-At the completion Intervention: 2.8
(2.2)
Control: 3.1 (2.1)
Shoulder abduction ROM
-At the completion
Intervention: 171.8 (12.4) Control:
155.7 (16.3)
Pectoralis minor muscle length
-At the completion Intervention: 12.0
(1.1)
Control: 11.8 (1.2)
Forward shoulder translation
-At the completion Intervention: 14.5
(1.3)
Control: 14.7 (0.9)

(Continued )

VAS with activity
-At the completion
MD: −0.30 (−1.32 to 0.72)
Effect size:
-0.1 (−0.6 to 0.3)
Shoulder abduction ROM
-At the completion
MD: 16.1 (9.24 to 22.96)
Effect size:
1.1 (0.6 to 1.6)
Pectoralis minor muscle length
-At the completion
MD: 0.2 (−0.4 to 0.7)
Effect size:
0.2 (−0.3 to 0.6)
Forward shoulder translation
-At the completion
MD: −0.3 (−0.8 to 0.3)
Effect size:
-0.2 (−0.7 to 0.2)
VAS with activity
-At the completion
MD: −0.8 (−1.2 to −0.4)
Effect size:
-1.1 (−1.6 to −0.5)
SPADI
-At the completion
MD: −14.3 (−17.4 to −11.2)
Effect size:
-2.3 (−3.0 to −1.6)

Between-group Mean Difference (MD)
(95% CI)
Effect size (95% CI)
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Participants
N = 22 (Intervention
group = 12)
Control group = 10)
Age (yr) mean: Intervention
group = 46.2 (SD 13.5);
Control group = 45.4 (SD 15.1)
M/F: Intervention group = 5/7;
Control group = 5/5

Interventions
Total intervention duration for all groups
was 4–8 weeks with a total of 9 treatment
sessions
Intervention = scapular dynamic stability
and positioning
Control = exercise therapy (rotator cuff
strength) and
manual therapy (GH mobilization and
ultrasound)

Outcome measure
VAS with activity, SDQ total,
isometric elevation strength (N),
pectoralis minor muscle length,
forward shoulder posture

Between-group Mean Difference (MD)
(95% CI)
Result mean
Effect size (95% CI)
VAS with activity
VAS with activity
-At the completion Intervention: 3.0 -At the completion: MD: −2.1 (−3.8 to
−0.4)
(1.9)
Effect size:
Control: 5.1 (2.0)
-1.0 (−2.0 to −0.1)
SDQ
-At the completion Intervention: 35.0 SDQ
-At the completion: MD: −13.7 (−24.9 to
(14) Control: 48.7 (11.3)
−2.6)
Supraspinatus muscle €
-Change from baseline Intervention:
Effect size:
4.4 (10.5)
-1.0 (−2.0 to −0.1)
Control: 11.2 (34.3)
Supraspinatus muscle strength
Pectoralis minor muscle length
-At completion:
-At the completion Intervention: 10.3 MD: −6.8 (−29.0 to 15.4)
(0.7)
Effect size:
Control: 9.2 (0.5)
-0.3 (−1.1 to 0.6)
Forward shoulder posture
Pectoralis minor muscle length
-At the completion Intervention: 0.40 MD: 1.1 (−3.3 to 5.5)
(0.05)
Effect size:
Control: 0.46 (0.05)
0.2 (−0.7 to 1.1)
Forward shoulder posture
MD: −0.1 (−0.1 to −0.0)
Effect size:
-1.2 (−2.1 to −0.2)

€: data of isometric elevation strength was changes from baseline; DASH: disability of the arm, shoulder and hand; ER: external rotation; F: female; IR: internal rotation; M: male; ROM: range of motion; SDQ: the shoulder
disability questionnaire SE: scapular exercise; SM: scapular mobilization; SPADI: shoulder pain and disability index; SSM: sham scapular mobilization; WORC: Western Ontario Rotator Cuff

Study
Struyf et al.
(2013)
Direct
comparison
study

Table 1. (Continued).
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intervention to usual care, that is, an additive design
(Aytar et al., 2015; Başkurt, Başkurt, Gelecek, and
Özkan, 2011; Miller and Osmotherly, 2009; Shah,
Sutaria, and Khant, 2014), whereas two studies directly
compared scapular focused intervention with non-scapular focused (i.e., a direct comparison design) (Moezy,
Sepehrifar, and Solaymani Dodaran, 2014; Struyf et al.,
2013). Usual care provided to both groups in four
studies included: hot packs (Aytar et al, 2015); transcutaneous electrical nerve stimulation (TENS) (Aytar
et al, 2015); glenohumeral capsular stretching
(Başkurt, Başkurt, Gelecek, and Özkan, 2011; Struyf
et al., 2013); rotator cuff strengthening (Başkurt,
Başkurt, Gelecek, and Özkan, 2011; Shah, Sutaria, and
Khant, 2014; Struyf et al., 2013); advice (Başkurt,
Başkurt, Gelecek, and Özkan, 2011); education
(Başkurt, Başkurt, Gelecek, and Özkan, 2011); soft tissue massage (Miller and Osmotherly, 2009); and joint
mobilization techniques (Miller and Osmotherly, 2009).
The control group in one of the additional design
studies (Aytar et al, 2015) was also allocated to receive
sham scapular mobilization. Non-scapular intervention
provided to the control group of the two direct comparison studies included: glenohumeral joint range of
motion exercises (Moezy, Sepehrifar, and Solaymani
Dodaran, 2014; Struyf et al., 2013); infrared therapy
(Moezy, Sepehrifar, and Solaymani Dodaran, 2014);
ultrasound therapy (Struyf et al., 2013); TENS
(Moezy, Sepehrifar, and Solaymani Dodaran, 2014);
rotator cuff strengthening (Struyf et al., 2013); frictional
massage (Struyf et al., 2013); and a home exercise
program (Struyf et al., 2013). Intervention duration
varied (Table 1) from 2 weeks (Miller and
Osmotherly, 2009) to 8 weeks (Struyf et al., 2013) and
total intervention dosage from 6 sessions (Miller and
Osmotherly, 2009) to 24 sessions (Shah, Sutaria, and
Khant, 2014). There appears to be no relationship
between intervention duration or dosage in comparison
to mean differences and effect sizes, at the cessation of
intervention.
Pain with activity was assessed in five studies (Aytar
et al, 2015; Başkurt, Başkurt, Gelecek, and Özkan, 2011;
Miller and Osmotherly, 2009; Moezy, Sepehrifar, and
Solaymani Dodaran, 2014; Struyf et al., 2013), with one
study unclearly reporting whether pain was assessed
during activity (Shah, Sutaria, and Khant, 2014).
Shoulder function (Quick DASH scale, SPADI, SDQ,
and WORC) was assessed in five studies (Aytar et al,
2015; Başkurt, Başkurt, Gelecek, and Özkan, 2011;
Miller and Osmotherly, 2009; Shah, Sutaria, and
Khant, 2014; Struyf et al., 2013). One study (Miller
and Osmotherly, 2009), presented median and interquartile range for the SPADI, and the data was
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subsequently transformed to mean and standard deviation. Shoulder flexion ROM was assessed in three studies (Aytar et al, 2015; Başkurt, Başkurt, Gelecek, and
Özkan, 2011; Miller and Osmotherly, 2009). Shoulder
abduction ROM was assessed in three studies (Başkurt,
Başkurt, Gelecek, and Özkan, 2011; Miller and
Osmotherly, 2009; Moezy, Sepehrifar, and Solaymani
Dodaran, 2014). Supraspinatus muscle strength was
assessed in two studies (Başkurt, Başkurt, Gelecek,
and Özkan, 2011; Struyf et al., 2013). Several different
scapular outcomes were assessed in the studies and
included: serratus anterior strength (Başkurt, Başkurt,
Gelecek, and Özkan, 2011); pectoralis muscle length
(Moezy, Sepehrifar, and Solaymani Dodaran, 2014;
Struyf et al., 2013); static positional symmetry (Moezy,
Sepehrifar, and Solaymani Dodaran, 2014); acromion
position (Moezy, Sepehrifar, and Solaymani Dodaran,
2014; Struyf et al., 2013); scapular motor control (Struyf
et al., 2013); habitual scapular posture (Başkurt,
Başkurt, Gelecek, and Özkan, 2011; Moezy, Sepehrifar,
and Solaymani Dodaran, 2014; Shah, Sutaria, and
Khant, 2014; Struyf et al., 2013); rotation (Moezy,
Sepehrifar, and Solaymani Dodaran, 2014; Struyf
et al., 2013); and protraction (Moezy, Sepehrifar, and
Solaymani Dodaran, 2014). Pectoralis minor length was
normalized to height in one study (Struyf et al., 2013)
and given as raw data in the other study (Moezy,
Sepehrifar, and Solaymani Dodaran, 2014). Acromion
position was measured from the posterior aspect of the
acromion in supine and normalized to height in one
study (Struyf et al., 2013) and from the anterior acromion in standing in the other study (Moezy, Sepehrifar,
and Solaymani Dodaran, 2014). Habitual scapular position was determined by visual evaluation (Struyf et al.,
2013), distance of the spine to the scapula at the level of
the inferior angle (Shah, Sutaria, and Khant, 2014), the
difference between sides for the spine to scapula distance (Başkurt, Başkurt, Gelecek, and Özkan, 2011),
and the spine to scapular distance, normalized for
scapular size (Moezy, Sepehrifar, and Solaymani
Dodaran, 2014). These measurements were not considered to be clinically heterogeneous, and thus a pooled
estimate of effect was not generated. Scapular rotation
was measured with an inclinometer in one study
(Struyf et al., 2013), and with bony landmarks in
another (Moezy, Sepehrifar, and Solaymani Dodaran,
2014). While measurement of scapular rotation with an
inclinometer demonstrates acceptable clinometric
properties, measurement with bony landmarks does
not (Larsen, Juul-Kristensen, Lund, and Sogaard,
2014), and thus a pooled estimate of effect was not
generated. A pooled estimate of effect was generated
for pectoralis minor length and acromion position.

662

H. SAITO ET AL.

Data were extracted at two time points: 1) immediately
after completion of intervention (that ranged between 2
and 8 weeks across studies) (Aytar et al, 2015; Başkurt,
Başkurt, Gelecek, and Özkan, 2011; Miller and
Osmotherly, 2009; Moezy, Sepehrifar, and Solaymani
Dodaran, 2014; Shah, Sutaria, and Khant, 2014; Struyf
et al., 2013); and 2) 4 weeks following completion of the
intervention period (Aytar et al, 2015; Miller and
Osmotherly, 2009).

Risk of bias in included studies
A summary of risk of bias across the included studies is
shown in Figure 2. Four studies (Aytar et al, 2015;
Başkurt, Başkurt, Gelecek, and Özkan, 2011; Miller
and Osmotherly, 2009; Moezy, Sepehrifar, and
Solaymani Dodaran, 2014) were assessed as having
low risk of bias on randomization (low risk on selection
bias), while two studies (Shah, Sutaria, and Khant,
2014; Struyf et al., 2013) did not report sufficient detail
on this procedure (unclear risk on selection bias). Two

studies (Miller and Osmotherly, 2009; Struyf et al.,
2013) reported adequate allocation concealment (low
risk on selection bias). In one study (Aytar et al, 2015),
despite the use of the online random allocation software, the treating physical therapist was responsible for
allocation, which suggests concealment was not
adhered to (high risk on selection bias). Three other
studies (Başkurt, Başkurt, Gelecek, and Özkan, 2011;
Moezy, Sepehrifar, and Solaymani Dodaran, 2014;
Shah, Sutaria, and Khant, 2014) did not report sufficient detail on allocation concealment (unclear risk on
selection bias).
Five studies (Aytar et al, 2015; Miller and
Osmotherly, 2009; Moezy, Sepehrifar, and Solaymani
Dodaran, 2014; Shah, Sutaria, and Khant, 2014; Struyf
et al., 2013) were assessed as having a high risk bias on
blinding of personnel delivering the intervention (high
risk on performance bias), while one study (Başkurt,
Başkurt, Gelecek, and Özkan, 2011) did not report
sufficient information (unclear risk on performance
bias). In four studies (Aytar et al, 2015; Miller and
Osmotherly, 2009; Moezy, Sepehrifar, and Solaymani
Dodaran, 2014; Struyf et al., 2013), blinding of outcome
assessors occurred and thus was considered as low risk
(low risk on performance bias). Two studies (Başkurt,
Başkurt, Gelecek, and Özkan, 2011; Shah, Sutaria, and
Khant, 2014) did not report sufficient information on
blinding outcome assessors (unclear risk on performance bias).
Three studies (Aytar et al, 2015; Moezy, Sepehrifar,
and Solaymani Dodaran, 2014; Struyf et al., 2013) were
assessed as having low risk of bias for incomplete outcome data (low risk on attrition bias), while one study
(Miller and Osmotherly, 2009) was assessed as having
high risk of bias, due to high dropout rates in the
intervention group (high risk on attrition bias). Two
studies (Başkurt, Başkurt, Gelecek, and Özkan, 2011;
Shah, Sutaria, and Khant, 2014) did not report sufficient information (unclear risk of attrition bias).
Outcome: Shoulder pain

Figure 2. Risk of bias of included studies.

Five studies (Aytar et al, 2015; Başkurt, Başkurt, Gelecek,
and Özkan, 2011; Moezy, Sepehrifar, and Solaymani
Dodaran, 2014; Shah, Sutaria, and Khant, 2014; Struyf
et al., 2013) measured pain with activities using a VAS,
while one study (Miller and Osmotherly, 2009) utilized
the SPADI pain scale. Data are presented as mean difference on a 0 to 10 scale. Based on the pooled data from the
six studies (Aytar et al, 2015; Başkurt, Başkurt, Gelecek,
and Özkan, 2011; Miller and Osmotherly, 2009; Moezy,
Sepehrifar, and Solaymani Dodaran, 2014; Shah, Sutaria,
and Khant, 2014; Struyf et al., 2013), on completion of
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intervention, compared to the control group, pain during
activity was significantly less in the group that received
scapular focused interventions (MD [95% CI] = −0.88
[−1.19 to −0.58], I2 43%) with no substantial heterogeneity
(Figure 3A). Sensitivity analysis demonstrated that the
exclusion of the two direct comparison studies (Moezy,
Sepehrifar, and Solaymani Dodaran, 2014; Struyf et al.,
2013) did not change the significance of the overall result
(MD [95% CI] = -.90 [−1.22 to −0.57], I2 = 47%).
Sensitivity analysis demonstrated that a meta-analysis
conducted at 0 weeks using passive intervention studies
(Aytar et al, 2015; Miller and Osmotherly, 2009) yielded a
more favorable point estimate for shoulder pain (MD
[95% CI] = −1.60 [−2.36 to −0.83], I2 = 0%) than a
meta-analysis using only active intervention studies
(Başkurt, Başkurt, Gelecek, and Özkan, 2011; Moezy,
Sepehrifar, and Solaymani Dodaran, 2014; Shah, Sutaria,
and Khant, 2014; Struyf et al., 2013) (MD [95% CI] = −.75
[−1.08 to −0.41], I2 = 26%). Pooled data from two studies
(Aytar et al, 2015; Miller and Osmotherly, 2009) demonstrated no significant difference in pain at 4 weeks following completion of intervention (MD [95% CI] = −0.87
[−1.80 to 0.07], I2 = 0%), with no substantial heterogeneity
(Figure 3B).

Outcome: Shoulder function
Each study measured shoulder function using different
measurement scales. However, data are presented as
mean difference on a 0–100 scale. Based on the pooled
data from the five studies (Aytar et al, 2015; Başkurt,
Başkurt, Gelecek, and Özkan, 2011; Miller and
Osmotherly, 2009; Shah, Sutaria, and Khant, 2014;
Struyf et al., 2013), on the completion of intervention,
compared to the control group, shoulder function was
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significantly better in the group that received scapular
focused interventions (MD [95% CI] = −11.31 [−17.20
to −5.41] I2 65%) with substantial heterogeneity
(Figure 4A). Sensitivity analysis demonstrated that the
exclusion of the direct comparison study (Struyf et al.,
2013) did not change the significance of the overall result
(MD [95% CI] = −10.66 [- 17.79 to −3.54], I2 = 74%).
Sensitivity analysis demonstrated that a meta-analysis
conducted at 0 weeks using passive intervention studies
(Aytar et al, 2015; Miller and Osmotherly, 2009) yielded a
less favorable point estimate for shoulder function (MD
[95% CI] = −6.53 [−26.21 to 13.64], I2 = 90%) than a
meta-analysis using only active intervention studies
(Başkurt, Başkurt, Gelecek, and Özkan, 2011; Shah,
Sutaria, and Khant, 2014; Struyf et al., 2013) (MD [95%
CI] = −14.05 [−16.92 to −11.19], I2 = 0%). Pooled data
from two studies (Aytar et al, 2015; Miller and
Osmotherly, 2009) demonstrated no significant difference
in shoulder function at 4 weeks following completion of
intervention (MD [95% CI] = −3.12 [−12.49 to 6.25],
I2 = 39%), with no substantial heterogeneity (Figure 4B).

Outcome: Shoulder flexion ROM
Based on pooled data from three studies (Aytar et al,
2015; Başkurt, Başkurt, Gelecek, and Özkan, 2011;
Miller and Osmotherly, 2009), on the completion of
intervention, compared to the control group, shoulder
flexion ROM was not significantly different in the
group that received scapular focused interventions
(MD [95% CI] = 0.97 [−0.86 to 2.80], I2 = 0%), with
no substantial heterogeneity. Pooled data from two
studies (Aytar et al, 2015; Miller and Osmotherly,
2009), demonstrated no significant difference in
shoulder flexion ROM at 4 weeks following completion

Figure 3. Mean difference in shoulder pain with activities A) on completion of intervention and B) at 4-week follow up.
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Figure 4. Mean difference in shoulder function A) on completion of intervention and B) at 4-week follow up.

of intervention (MD [95% CI] = 1.02 [−10.93 to 12.97],
I2 = 89%), with substantial heterogeneity (online
Supplement 3; Figures 3.1 and 3.2).
Outcome: Shoulder abduction ROM
Based on the pooled data from three studies (Başkurt,
Başkurt, Gelecek, and Özkan, 2011; Miller and
Osmotherly, 2009; Moezy, Sepehrifar, and Solaymani
Dodaran, 2014), on the completion of intervention,
compared to the control group, shoulder abduction
ROM was significantly different to the group that
received scapular focused interventions (MD [95%

CI] = 12.71 [7.15–18.26], I2 = 36%), with no substantial
heterogeneity (Figure 5A). Sensitivity analysis demonstrated that the exclusion of the direct comparison
study (Moezy, Sepehrifar, and Solaymani Dodaran,
2014) changed the significance but did not change the
direction of the overall result (MD [95% CI] = 6.23
[−3.24 to 15.71], I2 = 0%). Data at 4 weeks follow up
was not available in included studies.
Outcome: Supraspinatus muscle strength
Based on the pooled data from two studies (Başkurt,
Başkurt, Gelecek, and Özkan, 2011; Struyf et al., 2013),

Figure 5. Mean difference on completion of intervention in A) shoulder abduction range of motion and B) supraspinatus muscle
strength.
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on the completion of intervention, compared to the
control group, supraspinatus muscle strength was not
significantly difference to the group that received scapular focused interventions (MD [95% CI] = −0.20
[−0.57 to 0.97], I2 = 52%), with substantial heterogeneity (Figure 5B). Data at 4 weeks follow up was not
available in included studies.
Outcome: Pectoralis minor muscle length
Based on the pooled data from two studies (Moezy,
Sepehrifar, and Solaymani Dodaran, 2014; Struyf
et al., 2013), on the completion of intervention, compared to the control group, Pectoralis Minor muscle
length was not significantly different to the group that
received scapular focused interventions (MD [95%
CI] = 0.18 [−0.24 to 0.59], I2 = 0%), with no substantial
heterogeneity (online Supplement 3; Figure 3.3). Data
at 4 weeks follow up was not available in included
studies.
Outcome: Forward shoulder posture
Based on the pooled data from two studies (Moezy,
Sepehrifar, and Solaymani Dodaran, 2014; Struyf
et al., 2013), on the completion of intervention, compared to the control group, forward shoulder posture
was not significantly different to the group that
received scapular focused interventions (MD [95%
CI] = −0.60 [−1.46 to 0.27], I2 = 64%), with substantial
heterogeneity (online Supplement 3; Figure 3.4). Data
at 4 weeks follow up was not available in included
studies.

Discussion
This systematic review suggests that scapular focused
interventions are a beneficial adjunct to usual interventions that do not focus on addressing scapular components to improve pain with activities (MD [95%
CI] = −0.88 [−1.19 to −0.58]), shoulder function (MD
[95% CI] = −11.31 [−17.20 to −0.54]), and abduction
ROM (MD [95% CI] = 12.71 [7.15 to 18.26] º), in
adults with SAPS, in the short term. No betweengroup differences were found after 4 weeks of follow
up. No between-group differences were found in
shoulder flexion ROM, supraspinatus muscle strength,
pectoralis minor length or forward shoulder posture at
both completion of interventions and 4 weeks follow
up. The scapular focused interventions varied across
the six studies included in this review (Table 1).
Intervention groups were provided with: scapular
mobilization (Aytar et al., 2015); stabilization including
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strengthening, or retraining (Başkurt, Başkurt, Gelecek,
and Özkan, 2011; Moezy, Sepehrifar, and Solaymani
Dodaran, 2014; Shah, Sutaria, and Khant, 2014; Struyf
et al., 2013); and taping (Miller and Osmotherly, 2009);
the control groups received: electrophysical modalities
(Aytar et al, 2015; Moezy, Sepehrifar, and Solaymani
Dodaran, 2014; Struyf et al., 2013); glenohumeral
mobilization techniques (Başkurt, Başkurt, Gelecek,
and Özkan, 2011; Miller and Osmotherly, 2009;
Struyf et al., 2013); massage (Struyf et al., 2013);
sham scapular mobilization (Aytar et al, 2015); rotator
cuff strengthening (Başkurt, Başkurt, Gelecek, and
Özkan, 2011; Shah, Sutaria, and Khant, 2014; Struyf
et al., 2013); glenohumeral joint ROM exercises
(Moezy, Sepehrifar, and Solaymani Dodaran, 2014;
Struyf et al., 2013); advice (Başkurt, Başkurt, Gelecek,
and Özkan, 2011); education (Başkurt, Başkurt,
Gelecek, and Özkan, 2011); and a home exercise program (Struyf et al., 2013). Duration and dosage of
scapular intervention appeared to have no influence
on mean differences or effect size (Table 1) in the
short term.
The study (Miller and Osmotherly, 2009) that
reported the largest effect size for decrease in pain
(−1.4) utilized the simple intervention of adding scapular taping for 2 weeks to a program of conventional
physical therapy that included soft tissue massage, joint
mobilization, stretches, rotator cuff exercises and generalized strengthening. More involved treatments that
included more than seven different scapular exercises
to increase isometric and multiplanar lower trapezius
and serratus anterior function (Shah, Sutaria, and
Khant, 2014), and with scapular mobilization and levator scapulae, rhomboids and pectoralis minor stretches
(Struyf et al., 2013) yielded slightly smaller effect sizes
for pain of −1.1 and −1.0, respectively. However, in
some studies, involved treatments such as those
described above also yield small effect sizes as low as
−0.1 (Başkurt, Başkurt, Gelecek, and Özkan, 2011;
Moezy, Sepehrifar, and Solaymani Dodaran, 2014),
indicating that perhaps scapular taping may be the
most valuable scapular focused addition to an intervention program to address subacromial pain syndrome.
With regard to function, the intervention that yielded
the largest effect size of 2.3 (Shah, Sutaria, and Khant,
2014) utilized the more involved scapular focused intervention that aimed to increase isometric and multiplanar lower trapezius and serratus anterior function.
Taping yielded the second best improvement in function, with an effect size of 1.5 (Miller and Osmotherly,
2009). The more involved scapular focused intervention
that aimed to increase isometric and multiplanar lower
trapezius and serratus anterior function (Başkurt,
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Başkurt, Gelecek, and Özkan, 2011), and scapular
mobilization and levator scapulae, rhomboids and pectoralis minor stretches (Struyf et al., 2013) provided
effect sizes of 0.7 and 1.0, respectively, for function.
The study that added only scapular mobilization to
the interventions yielded the poorest effect size of 0.2
for function (Aytar et al, 2015).Thus, it would seem
that for improvement of SAPS function in the short
term, the addition of scapular mobilization to intervention is not worthwhile.
Two previous systematic reviews have provided cautious support for the use of scapular focused interventions for SAPS but were unable to reach a firm
conclusion (Bury, West, Chamorro-Moriana, and
Littlewood, 2016; Reijneveld et al., 2017). This is in
part because one review did not conduct a meta-analysis (Reijneveld et al., 2017), and the other included only
3–4 studies in their meta-analysis (Bury, West,
Chamorro-Moriana, and Littlewood, 2016). The current review and a previous review (Bury, West,
Chamorro-Moriana, and Littlewood, 2016) both found
a significant decrease in pain and shoulder function
with scapular focused interventions. No pooled estimates for other outcomes are available for comparison
from the previous reviews, as this current review is the
first to conduct a meta-analysis on the effect of scapular
focused interventions on shoulder ROM, rotator cuff
strength, or scapular associated outcomes.
The key strengths of the current review were that a
comprehensive searching method that used the recommended multiple databases (Michaleff et al., 2011) was
utilized, and various scapular outcomes at different
time points were examined. Additionally, four
reviewers were involved in the process of independent
study identification, data extraction, and quality assessment, minimizing possible bias and error in the systematic review findings. However, the findings of the
current systematic review should be interpreted with
caution, as included studies had several limitations.
First, meta-analyses could only be conducted for outcome measures assessed on completion of intervention
and at 4 weeks follow up, which were the most common time points across the included studies. Second, at
4 weeks follow up, meta-analyses could only be conducted on three outcome measures (Aytar et al, 2015;
Miller and Osmotherly, 2009) (i.e., pain with activities;
shoulder function; and flexion range of motion) as
these were the common outcomes for that time point
across the included studies. However, this current
review remains the only review that has examined a
follow-up time point. Third, two studies were excluded
from the review despite meeting inclusion criteria as
the original authors did not have access to the missing

data required or did not reply (Polimeni et al., 2003;
Surenkok, Aytar, and Baltaci, 2009). Another study was
excluded from review when communication from the
authors indicated that it was not a randomized trial and
thus did not meet inclusion criteria (Yuksel and
Yesilyaprak, 2015). Last, the majority of included studies had evidence of biases that may have impacted on
the results. Although most of the included studies had
low risk of bias on randomization, selection bias due to
allocation concealment was considered as high or
unclear in four of six studies.
The findings of this review indicate that scapular
focused interventions provide a statistically significant
difference; however, they may not offer a clinical difference when compared to the minimal clinically
importance difference (MCID). A previous study has
found that the MCID for improvement in shoulder
pain with activities using the VAS was −1.4 cm
(Tashjian, Deloach, Porucznik, and Powell, 2009).
This MCID for shoulder pain is marginally larger
than the difference found by this current systematic
review. Additionally, previous studies have found that
the MCIDs for improvement in shoulder function in
the four questionnaires of interest in this systematic
review range between 10.2 and 24.5 (Angst et al.,
2011; Smith et al., 2012). These MCIDs for shoulder
function range from marginally less than to substantially larger than the difference found by this current
systematic review. Therefore, the current systematic
review suggests that in adults with SAPS, short-term
improvements in shoulder pain with activities and
shoulder function following scapular focused interventions are statistically significant but may not be clinically important. There may be two reasons why the
summarized effect difference was small. First, this
could be due to differences in study design. However,
sensitivity analysis that excluded the two studies with
differing design did not impact on the significance of
the meta-analysis results. Second, the majority of studies commonly applied an intervention without initially
determining that it was a required intervention; for
example, scapular stabilization exercises were provided
without initially determining if scapular stability was
deficient. Therefore, the actual effect size of scapular
focused interventions may be larger than found in this
systematic review.
Although on completion of the intervention, pain
with activities and shoulder function improved significantly in the group that received scapular focused intervention compared to the control group, at 4 weeks
follow up, there was no between-group difference in
these outcomes. There are two possible reasons for a
temporal difference. Firstly, the interventions (Table 1)
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provided to participants of these two studies were
scapular mobilization (Aytar et al., 2015) or scapular
taping (Miller and Osmotherly, 2009). It is suggested
that these interventions are passive interventions rather
than exercise-based interventions, and their effectiveness is not maintained in the long term (DesjardinsCharbonneau et al., 2015). The sensitivity analysis that
examined passive versus active interventions suggested
that active interventions provide a more favorable outcome than passive interventions for shoulder function
(although not for shoulder pain). Previous systematic
reviews have demonstrated that maintenance of
improvements following treatment favored exercisebased physical therapy interventions compared to control groups that received either inactive ultrasound or
shockwave therapy (Dong et al., 2015; Hanratty et al.,
2012). Secondly, the duration of interventions across
the two studies that assessed participants at 4 weeks
follow up was short, ranging between 2 and 3 weeks.
Prior studies have demonstrated that improvements in
pain and shoulder function in people with SAPS were
maintained in the long term, provided physical therapy
interventions were at least 8–12 weeks long (Holmgren
et al., 2014; Lombardi et al., 2008). A dose response
effect has been demonstrated by a prior RCT that
showed significant differences in shoulder pain and
function in participants who received a high dose of
exercise, compared to those that received a low dose
(Østerås, Torstensen, and Østerås, 2010). For clinicians,
this may indicate that active rather than passive intervention of long duration and high dose scapular
focused interventions are preferable to maintain
improvements long term, and this should be confirmed
with further research.
There was no significant between-group difference
in shoulder flexion ROM and supraspinatus muscle
strength at any time point. These findings are consistent with previous systematic reviews that found nonspecific shoulder exercise programs do not demonstrate
improvements in ROM (Marinko, Chacko, Dalton, and
Chacko, 2011) and only small improvements in muscle
strength (Hanratty et al., 2012) for people with SAPS.
Findings of the current review and that of previous
reviews (Hanratty et al., 2012; Marinko, Chacko,
Dalton, and Chacko, 2011) therefore suggest that the
effectiveness of scapular focused interventions to
reduce pain and improve shoulder function is unlikely
to be due to increased shoulder ROM or improved
supraspinatus muscle strength. It is unknown whether
glenohumeral ROM and strength outcomes are specific
enough to detect the effectiveness of scapular focused
interventions (De Mey, Danneels, Cagnie, and Cools,
2012; Hsu et al., 2009; Worsley et al., 2013). For
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instance, two recent case studies (De Mey, Danneels,
Cagnie, and Cools, 2012; Worsley et al., 2013) that used
surface electromyography (EMG) and a motion capture
system demonstrated that scapular focused interventions improved pain and shoulder function in people
with SAPS, and these improvements were related to
changes in scapular muscle recruitment (i.e., normalizing trapezius and serratus anterior activities) and
scapular kinematics (i.e., increasing scapular upward
rotation and posterior tilt) during dynamic tasks.
These effects may not translate to a large effect on
glenohumeral ROM or muscle strength.
Although four of the included studies utilized
scapular outcomes, only two of these outcomes
were considered similar enough to pool data, with
a large variety of outcomes collected by the studies.
A recent systematic review (Larsen, Juul-Kristensen,
Lund, and Sogaard, 2014) identified 54 positional
and functional scapular outcome measures that
have been used in prior research, highlighting the
lack of consistency of methodologies for measuring
scapular positioning and function. This may indicate
the underlying multifactorial complex role that the
scapula plays in the development of shoulder pain
and subsequent lack of consensus regarding what
scapular outcomes should be measured in RCTs.
None of the studies included in the current review
investigated muscle recruitment using EMG or
assessed scapular kinematics using a motion capture
system. Future RCTs should closely consider which
scapular measurement outcomes to use that are
clinically reliable, valid, and responsive, in addition
to investigating the mechanisms by which scapular
focused interventions may improve pain and
shoulder function in adults with SAPS.
In conclusion, this systematic review suggests that
physical therapy interventions for adults with SAPS
should consider adding interventions that focus on
addressing scapular components in order to improve
shoulder pain, function, and abduction ROM. This
review suggests that maintenance of symptom relief is
limited after cessation of scapular focused interventions
and that future research that examines the influences of
type (active versus passive) and dose of scapular intervention is necessary, to determine if symptom relief can
be maintained. This review also suggests that on completion of intervention, shoulder flexion ROM and
supraspinatus muscle strength are similar between people who undergo interventions that do and do not
address scapular components. There is a need for larger, high-quality RCTs that adequately examine scapular outcomes that are of interest to the clinician and
strengthen these findings.
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