
INTRODUCTION 

Shoulder pain is the third most commonly reported musculo-
skeletal condition in the general population, after only back and 
knee pain, with 18%–26% of individuals experiencing it at least 
once in their lives [1]. Disorders of the rotator cuff constitute 
70% of all shoulder pain diagnoses [2]. Symptoms associated 
with the rotator cuff and related tissues (shoulder impingement 
syndrome, rotator cuff tendinopathy, and rotator cuff tears) have 
been defined as rotator-cuff-related shoulder pain (RCRSP). 
RCRSP refers to the clinical presentation of pain and impairment 
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of shoulder movement and function usually experienced during 
elevation [2-4]. Although consensus is needed to define appro-
priate terminology, terms like subacromial, rotator cuff pain syn-
drome, or RCRSP are useful [3]. 

Genetic factors, hormonal changes, habits such as smoking 
and alcohol consumption, biochemical and sensory-motor cor-
tex changes, psychological factors, and biomechanical changes 
are possible causes of RCRSP [5]. Although RCRSP is most likely 
multifaceted, one of the major reported causes is decrease of the 
subacromial space and compaction of the subacromial soft tis-
sues [5,6]. A loss of coordination between the rotator cuff and 
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scapular muscles decreases shoulder neuromuscular control, 
which may explain population-level increases in shoulder joint 
narrowing and limited range of motion (ROM) [7]. 

The scapula and scapular muscles (trapezius and middle and 
lower serratus anterior) are the essential parts of scapular stabili-
zation and glenohumeral joint movements, as these are the links 
along the kinetic chain that allow a proximal-to-distal distraction 
energy transfer in the upper extremity [8,9]. Simultaneously fa-
tiguing these scapular muscles may affect the shoulder's normal 
kinematics, reducing the subacromial space and subsequently in-
creasing the risk of RCRSP [9,10]. Thus, evaluation of scapular 
muscle endurance (SME) should be a crucial part of examining 
RCRSP patients. 

Although no standard procedure exists, isometric [11-14] and 
isokinetic tests [15,16] are performed to provide a general idea of 
SME. Evaluation of the isolated endurance of the scapular mus-
cles by objective tests is clinically challenging, and factors such as 
regional anatomy, patient positioning, and severe pain during 
evaluation make SME evaluation difficult. The number of studies 
on this topic in the literature is limited [11-16]. To our knowl-
edge, no studies have evaluated SME in patients with RCRSP. 

Therefore, we aimed to compare SME and function in patients 
with RCRSP to age- and gender-matched healthy controls. Our 
second aim was to examine the correlation between SME, pain, 
and shoulder function in RCRSP patients. We hypothesized that 
patients with RCRSP would exhibit decreased SME and upper 
extremity function compared with healthy controls. Also, we hy-
pothesized that low SME scores would be associated with pain 
and functional impairment in patients with RCRSP. 

METHODS 

This study was approved by Research Ethics Committee of Gazi 
University (No. 25901600-577) and registered in ClinicalTrials.
gov (NCT03XXX). Informed consent was obtained from all pa-
tients participating in the study, and signed publication approvals 
were acquired from those patients whose photographs are fea-
tured in Fig. 1.

Study Design 
Initially, 89 patients were evaluated. Sixty-six patients did not fit 
the inclusion criteria, leaving 23 patients (13 males and 10 fe-
males; mean age, 48.5 years; standard deviation [SD], 10.3 years) 
included in the study. For comparison, an age-matched group of 
23 healthy individuals (13 males, 10 females) with a mean age of 
48 years (SD, 10.5 years), no history of shoulder surgery for labral 
or rotator cuff pathology, and no complaints of elbow or shoul-

der pain that limited or restricted recent participation served as a 
control group. All evaluations for each participant were per-
formed by the same investigator at the same time of day and in 
one session. 

Patient Assessment Protocol 
Clinical examination, patient self-report, ROM (shoulder flexion, 
abduction, external rotation, and internal rotation), and magnet-
ic resonance imaging (MRI) were used to diagnose RCRSP. Pa-
tients with RCRSP must have a history of nontraumatic onset of 
shoulder discomfort and pain on examining the rotator cuff ten-
dons. Involvement and retraction of the rotator cuff tendons 
were assessed with standard, non-contrast coronal, axial, and 
sagittal MRI sequences, as described by Boileau et al. [17]. Clini-
cal and MRI evaluations (tendinosis, subacromial effusion, par-
tial rotator cuff tear, and calcific tendinitis) were performed by 
an orthopedic surgeon with 20 years of experience. 

Patient Selection 
The study inclusion criteria were: (1) positive sign in two or more 
specific shoulder clinical tests (Neer, Hawkins, painful arc, Lag 
sign, Jobe, drop-arm, and Gerber lift-off); (2) findings of RCRSP 
on MRI; (3) at least 120° of shoulder flexion, 25° of abduction, 
and 30° of external rotation; (4) right arm dominance; and (5) no 
surgical history in the shoulder area. Patients with shoulder pa-
thology other than RCRSP, such as glenohumeral instability, ac-
romioclavicular joint osteoarthritis, bicipital tendon lesions, ad-
hesive capsulitis, glenohumeral osteoarthritis, shoulder or cervi-
cal surgery history, or bilateral shoulder complaints; neurological 
diseases; pregnancy; and those who underwent shoulder-related 
physiotherapy were excluded. 

Procedures 
Scapular muscle endurance 
Edmondston et al. [18] developed the SME test, which is based 
on an exercise designed to improve the activity of the serratus 
anterior and trapezius muscles. Patients stood against the wall 
with their shoulders and elbows extended to 90° during the test. 
While both scapulae were in a neutral position, an 18–36-cm 
stick was placed between the elbows, and the patients were in-
structed to hold the dynamometer (Feta 137 F0202 1 kg/10 N) 
between their hands. The participants were asked to externally 
rotate their shoulders until the dynamometer read 1 kg load ca-
pacity and to maintain this position (Fig. 1A) [13,14]. The test 
was continued until the participants’ 90° shoulder flexion move-
ment was disrupted due to major pain and the stick dropped. 
The test was performed twice (with 60 seconds of rest between 
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tests), and the average results were recorded in seconds. Immedi-
ately after completion of the tests, patient pain intensity was mea-
sured, and the averages were recorded. 

Pain 
Pain intensity was assessed on a 100-mm visual analog scale 
(VAS) according to pain during activity, nighttime, and after 
SME and Functional Impairment Test-Hand, Neck, Shoulder, 
and Arm (FIT-HaNSA) testing (0 = no pain, 10 = excruciatingly 
painful) [19]. 

Upper limb functional performance 
The FIT-HaNSA protocol, developed by MacDermid et al. [20], 
was used to evaluate the functional performance of the upper ex-
tremities when performing activity in three phases. In phase 1, a 
shelf was put in at waist height, with a second shelf 25 cm above 
it. The patient used the injured arm to lift three containers, one at 
a time, from one shelf to the other at a rate of 60 beats per min-
ute, as regulated by a metronome (Fig. 1B). In phase 2, a shelf 
was placed at the patient's eye level, and the other was 25 cm be-
low it. Patients were asked to raise three containers between 
shelves at a rate of 60 beats per minute (Fig. 1C). In phase 3, a 
shelf with an attachable plate perpendicular was positioned at the 
subject's eye level. Subjects were required to repeatedly screw and 
unscrew bolts into the plate in a pattern (Fig. 1D). The rest peri-
od after each test was 30 seconds. Subjects were instructed to 
perform each phase for five minutes or until a stop criterion was 
met. In cases of extreme pain, when patients used the torso or 
whole body instead of limbs for five consecutive repetitions, 
when they had difficulty following the metronome, in cases with 
the possibility of injury, or upon patient choice, the test was ter-
minated. Results were recorded in seconds for each phase. A total 
score was calculated by averaging the recorded time for the three 
phases [21]. During the measurements, a wooden material of the 

same size as the original equipment, developed by the Job Sim 
System (JTECH Medical), was used [20,21]. The severity of pain 
felt immediately after the end of the test was recorded according 
to VAS. 

Data Analysis 
Data were analyzed using IBM SPSS 22.0 (IBM Corp.). Normal 
distribution of the data was verified with the Kolmogorov-Smirnov 
test and visual inspection of the histograms. Independent t-tests 
(for normally distributed) and Mann-Whitney U-tests (for non-nor-
mally distributed) were used to compare the two matched groups. 
Chi-square tests were applied for categorical data. Mean differ-
ences and 95% confidence intervals (CIs) were calculated as ad-
ditional parameters. The Pearson correlation coefficient was ap-
plied to assess the hypothesized relationship among SME, pain, 
and function. Correlations were considered weak for values be-
tween 0.3–0.49, moderate for values between 0.5–0.74, and 
strong for values greater than 0.75 [22,23]. The criterion for sta-
tistical significance was set at P < 0.05. 

In a post-hoc power analysis performed with G*Power soft-
ware (version 3.1.9.4), based on the difference between group 
SME scores, the study power was estimated to be 85% with an ef-
fect size of 0.48 and a type-1 error rate of 0.05. Thus, we deter-
mined that the sample sizes of the RCRSP (n = 23) and control 
(n = 23) groups were sufficient. 

RESULTS 

While there was no significant difference in demographic data 
(age, body mass index, sex, tested side) between the groups 
(P > 0.05), there was a significant difference in ROM values be-
tween the two groups (P < 0.05) (Table 1). Matched controls had 
significantly higher SME scores than patients with RCRSP (95% 
CI, –47.86 to –17.73; P < 0.001) (Table 2). Comparisons between 

Fig. 1. (A) Scapular muscle endurance test. (B) Functional Impairment Test-Hand, Neck, Shoulder, and Arm (FIT-HaNSA) phase 1. (C) 
FIT-HaNSA phase 2. (D) FIT-HaNSA phase 3.
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the RCRSP and matched control groups for the FIT-HaNSA 
scores are listed in Table 2. Patients with RCRSP also had lower 
waist level (phase 1: 95% CI, –159.09 to –76.64; P < 0.001), shoul-
der level (phase 2: 95% CI, –135.72 to –54.53; P < 0.001), eye level 
(phase 3: 95% CI, –155.53 to –70.46; P < 0.001), and total func-
tionality level (95% CI, –147.52 to –69.43; P < 0.001) compared 
with controls (Table 2). 

In the RCRSP group, SME was strongly correlated with activity 
pain (r: –0.775, P = 0.000) and FIT-HaNSA scores (phase 1: 
r = 0.933, P = 0.000), (phase 2: r = 0.961, P = 0.000), (phase 3: 
r = 0.967, P = 0.000), (total score: r = 0.968, P = 0.000) and was 
moderately correlated with night pain (r = –0.523, P = 0.010), 
SME measurement pain (r = –0.587, P = 0.003), and FIT-HaNSA 
measurement pain (r = –0.643, P = 0.001). Additionally, SME was 
weakly correlated with FIT-HaNSA phase 2 (r = 0.443, P = 0.034), 

phase 3 (r = 0.384, P = 0.070), and total score (r = 0.470, P = 0.024) 
in the matched-healthy group (Table 3). 

DISCUSSION 

The most important finding of this study was that, compared 
with healthy controls, patients with RCRSP had lower SME and 
functional scores, and SME was associated with varying degrees 
of pain intensity and upper-extremity function. The results 
strongly supported our hypotheses. SME weakness may be a 
mechanism for shoulder diseases by changing scapular move-
ments and requiring compensation by other shoulder muscles 
[24]. In this respect, determination of SMEs can provide addi-
tional information at the clinical decision-making stage; however, 
the research on SMEs consists of studies carried out on healthy 

Table 1. Demographic and clinical characteristics of the patients 

Variable RCRSP (n= 23) Control (n= 23) 95% CI P-value
Age (yr) 49± 10 48± 11 –5.63 to 6.67 0.865*
Body mass index (kg/m2) 29.3± 4.9 28.1± 2.6 –1.16 to 3.55 0.314*
Sex (female:male) 10:13 10:13 - 1.000†

Tested side (affected side) 0.753†

  Right 16 15 -
  Left 7 8 -
Range of motion (°)
  Flexion 148.3± 19.1 178.9± 2.4 –38.6 to –22.5 0.001*
  Abduction 117.3± 26.9 179.2± 2.2 –73.3 to –50.5 0.001*
  External rotation 59.30± 19.9 78.9± 12.3 –29.5 to –9.8 0.001*
  Internal rotation 58.7± 20.4 84.3± 10.2 –35.2 to –15.3 0.001*
MRI lesion (positive:negative)
  Subacromial-subdeltoid effusion 10:13 NA - -
  Supraspinatus tendinosis 17:6 NA - -
  Supraspinatus partial tear 13:10 NA - -
  Calcific tendinitis in supraspinatus 2:21 NA - -
  Infraspinatus tendinosis 3:20 NA - -
  Infraspinatus partial tear 1:22 NA - -
  Teres minor tendinosis 0:23 NA - -
  Teres minor partial tear 0:23 NA - -
  Subscapularis tendinosis 4:19 NA - -
  Subscapularis partial tear 0:23 NA - -
Shoulder clinical tests (positive:negative)
  Hawkins test 21:2 0:23 - -
  Neer test 18:5 0:23 - -
  Painful arc test 13:10 0:23 - -
  Jobe test 13:10 0:23 - -
  Drop-arm test 0:23 0:23 - -
  Lag sign test 2:21 0:23 - -
  Gerber lift-off test 3:20 0:23 - -
Values are presented as mean± standard deviation or number.
RCRSP: rotator-cuff-related shoulder pain, CI: confidence interval, MRI: magnetic resonance imaging, NA: not available.
*Independent t-test; †Chi-square test.
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people and textile workers with painful shoulders [12-16]. The 
isometric SME evaluation method was used in this study, and it 
was found valid and reliable by Edmondston et al. [18]. Before 
deciding on the SME test protocol, a preliminary study was per-
formed (including 10 patients and unpublished data), and the 
protocol developed by [18] was preferred because the patients 
could not perform the other test position [11,12], which required 
135° abduction, due to pain. To the best of our knowledge, this is 
the only study that evaluates SMEs in patients with RCRSP. 

Eraslan et al. [14] evaluated SMEs using the method that was 
used in this study and found that SME was significantly lower in 
textile workers with painful shoulders (41.02 seconds) than that 
in healthy workers (61.49 seconds). In a study performed by 
Cools et al. [15], among professional athletes and sedentary indi-

viduals, SME was measured with an isokinetic dynamometer, 
and, although the fatigue index of athletes (19.9%) was less than 
that of sedentary individuals (26.3%), there was no statistically 
significant difference between the two groups. In another study 
that assessed SME with the same method, SME was statistically 
significant in patients with lateral epicondylitis (54 seconds) 
compared with healthy individuals (85 seconds) [11]. This study 
recorded the lowest SME scores for a patient group (36.95 sec-
onds) and the highest for a control group (69.76 seconds). We 
think that the different study results are due to differences in 
measurement, patient diagnosis, and study methodology. 

Muscle endurance was identified as a risk factor for musculo-
skeletal pain [25]. Because shoulder kinematics are greatly affect-
ed by the surrounding muscles, fatigue in any of them might re-
sult in a change in the scapulohumeral rhythm. Impairment in 
scapulohumeral rhythm is likely to cause rotator cuff pathologies 
and pain [26]. A literature investigation found that studies mostly 
analyzed the relationship between the endurance of the muscles 
surrounding the shoulders and pain [27-29]. In the only study 
investigating shoulder pain and SME, no correlations were re-
ported between these two variables [15]. In contrast, varying de-
grees of correlations were found between SME and activity 
(strong), night, and SME/ FIT-HaNSA measurement pain (mod-
erate) in the patient group in this study. These results are thought 
to be related to the SME test protocol, which requires long-term 
static contraction activity, such as shoulder flexion and external 
rotation. Additionally, the presence of pain is one of the most 
critical factors affecting test results (SME/FIT-HaNSA), and the 
most common reason for test termination in the patient group in 
our study was pain. 

Shoulder function requires coordinated, continuous muscular 

Table 2. Descriptive scores of SME pain and FIT-HaNSA 

Variable RCRSP (n= 23) Control (n= 23) 95% CI P-value*
SME (sec) 28.0 (24.5–55.0) 61.5 (54.0–69.0) –47.86 to –17.73 < 0.001
Pain intensity (VAS)
  Activity 5.0± 1.8 - - -
  Night 5.4± 1.9 - - -
  After SME 4.9± 1.5 - - -
  After FIT-HaNSA 4.5± 1.2 - - -
FIT-HaNSA (sec)
  Task 1 124.0 (94.0–300.0) 300.0 (300.0–300.0) –159.09 to –76.64 < 0.001
  Task 2 98.0 (60.0–189.0) 221.0 (180.0–273.0) –135.72 to –54.53 < 0.001
  Task 3 111.0 (80.0–271.0) 289.0 (253.0–300.0) –155.53 to –70.46 < 0.001
  Total score 114.0 (76.6–260.6) 271.0 (244.0–291.0) –147.52 to –69.43 < 0.001
Values are presented as median (interquartile range) or mean± standard deviation.
SME: scapular muscle endurance, FIT-HaNSA: Functional Impairment Test-Hand, Neck, Shoulder, and Arm, RCRSP: risk factor for rotator-cuff-re-
lated shoulder pain, CI: confidence interval, VAS: visual analog scale.
*Mann-Whitney U-test.

Table 3. Correlation between SME test scores, pain intensity, and 
FIT-HaNSA 

Variable
RCRSP (n= 23) Control (n= 23)

r P-value r P-value
Pain intensity (VAS)
  Activity –0.775 0.000 - -
  Night –0.523 0.010 - -
  After SME –0.587 0.003 - -
  After FIT-HaNSA –0.643 0.001 - -
FIT-HaNSA (second)
  Task 1 0.933 < 0.001 - -
  Task 2 0.965 < 0.001 0.443 0.034
  Task 3 0.967 < 0.001 0.384 0.070
  Total score 0.968 < 0.001 0.470 0.024
Significant at the P= 0.05 level.
SME: scapular muscle endurance, FIT-HaNSA: Functional Impairment 
Test-Hand, Neck, Shoulder, and Arm, RCRSP: risk factor for rota-
tor-cuff-related shoulder pain, VAS: visual analog scale.
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activity that both maintains adequate proximal control and al-
lows a wide range of pain-free movement to complete daily tasks 
[21]. Scapular muscle weakness, in particular, can result in early 
fatigue, insufficient scapular stability, and functional deficits 
[25,30]. However, no previous study has objectively evaluated the 
functional impairments caused by scapular muscle weakness. In 
this study, a positive and strong relationship between SME and 
RCRSP and a positive and weak relationship between SME and 
FIT-HaNSA (phase 1, phase 2, phase 3, total) were found in all 
groups. 

This study has some limitations that should be considered 
when interpreting the data. First, some patients with RCRSP 
could not be included due to their failure to meet the test criteria, 
which limited the patient group. Second, because the patients 
had pain, it is possible that pain was a central driving factor for 
endurance, muscle strength, and function measures. These are 
reasonable directions for future research in this area. 

CONCLUSIONS 

Increases in SME may reduce pain and improve upper-extremity 
functionality in patients with RCRSP. SME assessment is recom-
mended in patients with RCRSP to provide clinicians with objec-
tive information to guide clinical decision-making. Future stud-
ies should investigate the short- and long-term efficacy of treat-
ing SME deficits as part of a comprehensive program for patients 
with RCRSP. 
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