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 Background: Physical tests are usually preferred to assess rotator-cuff syndrome but are insufficient to predict the morphol-
ogy and size of the rotator-cuff. The objective of the study was to rate the ultrasound findings for patients with 
sudden shoulder pain and to determine potential predictors of the same.

 Material/Methods: A total of 112 patients with sudden shoulder pain with rotator-cuff syndrome, suspected by orthopedic doc-
tors, were subjected to ultrasonography. Real-time ultrasonography was done for the acromioclavicular joint, 
biceps, infraspinatus, posterior labrum, subscapularis, supraspinatus, teres minor tendon, and the sub-acro-
mial-subdeltoid bursa. Each tendon was assessed via scanning planes in orientation as per longer and shorter 
axis, and from their myotendinous junction shoulder to bony insertions. Linear and logistic regression analysis 
were performed to predict the associations of medical history with rotator-cuff injury.

 Results: Ultrasonography identified that 82% of the enrolled patients had at least one particular cause of the rotator-
cuff disorder. Among the rotator-cuff disorders, calcific tendonitis (54%) was observed more frequently fol-
lowed by tendinopathy (32%), subacromial-subdeltoid bursitis (22%), and partial thickness tear (21%). Also, 
46 patients (41%) had multiple findings. Older age (older than 40 years) was a strong predicting factor of ro-
tator-cuff disorder (r2=0.36, P=0.0004).

 Conclusions: Ultrasonography is a vital diagnostic procedure used by orthopedic surgeons for diagnosis of the rotator-cuff 
disorder(s) in patients with sudden shoulder pain.
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 Abbreviations: MRI – magnetic resonance imaging; MRA – magnetic resonance angiography; STROBE – the strengthen-
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Background

Sudden pain in shoulders is generally due to uncoordinated 
movements of structures in the subacromial space [1] and is 
difficult to understand [2]. A stiff or painful shoulder is of-
ten caused intrinsically by periarticular or articular rheuma-
toid conditions in shoulder joint [3]. It could also be extrin-
sically as reflective neurological pain or vascular diseases, 
neoplasms, internal organs, and cervical spine disease [4,5]. 
Suggested treatment for all orthopaedical medicine patients 
comprises of step-wise therapy despite particular fundamental 
cause [6]. The rotator cuff is a natural reduction of the mus-
cle-tendon unit in old adults [7]. Many of the patients with 
pain in the shoulder are treated under medicine by orthope-
dic surgeons [8,9] because 30–70% of painful shoulders pa-
tients are related cases of rotator cuff disorders [7]. Physical 
tests like the external rotation lag test and positive painful 
arc test [10] are utilized to assess the rotator-cuff syndrome 
but usually insufficient to predict the morphology and size of 
rotator-cuff [2,11].

The downside of this step-wise treatment is that it may lead 
to overtreatment and delayed recuperation [12] because the 
rotator cuff disorders are often asymptomatic. Therefore, real 
events are very difficult to diagnose rotator cuff disorders [7]. 
The most accurate diagnostic imaging methods are magnetic 
resonance imaging (MRI), ultrasound, and magnetic reso-
nance angiography (MRA) [10]. Among them, MRI and MRA 
are limited for partial tears [7] and have poor interobserver 
agreements for diagnosis of the rotator-cuff syndrome [13]. 
Also, if the patient is to be implanted, then that condition 
does not allow the MRI to be executed [7]. Shoulder ultra-
sound has turned into an acceptable diagnosis for assessing 
rotator-cuff syndrome, that directed to personalized therapy 
depending on subdivisions of diagnosis [6,14]. Based on this 
foundation, it appeared to be valuable to identify disease fre-
quencies from the range of rotator-cuff disorder on a prospec-
tive basis in orthopaedical medicine patients having shoulder 
pain [15]. A prospective observational study on patients with 
a 3-months history of shoulder pain showed that ultrasound 
diagnosis makes treatment plausible [8]. All in all, it is essen-
tial to have the best, most valid imaging tests, and such tests 
are influenced by many factors such as operators’ experiences, 
accuracy, sensitivity, and image analysis.

The objective of this observational study was to rate ultrasound 
findings of rotator-cuff syndrome in patients who had sudden 
pain in the shoulder. The secondary endpoint of the study was 
to identify potential predictors of sudden pain in the shoulder.

Material and Methods

Ethical consideration and consent to participate

The study was registered in the Research Registry (www.
researchregistry.com), UID No.: researchregistry4568 dated 
May 13, 2016. The protocol (SGH/CL/01/16 dated May 11, 2016) 
was approved by the Shanghai General Hospital of Nanjing 
Medical University Review Board. An informed consent form 
was signed by every participant (or authorized guardian) be-
fore enrollment, and covered pathology, diagnosis, and publi-
cation of the work in all formats (hard and/or electronics) in-
cluding patients’ images and personal data (if any) irrespective 
of language and time. The study adhered to the law of China, 
the STROBE (strengthening the reporting of observational stud-
ies in epidemiology) statement, and the 2008 Declarations of 
Helsinki (Chinese version). Confidentiality of patients’ data 
was strictly preserved.

Inclusion criteria

Inclusion criteria for the study included: patients age 18 years 
and older with sudden pain (last 5-days; as per institutional 
review board guideline) in the shoulder.

Exclusion criteria

Exclusion criteria included patients who had 3 months prior 
therapy/consultation for shoulder pain, less than 45° motion 
range of glenohumeral rotation (which might be due to gle-
nohumeral diseases like adhesive capsulitis or osteoarthritis), 
fracture history of acromion or humerus bone, affected shoul-
der surgery/dislocation, shoulder problems due to cause by 
rheumatic disorder, referred pain or extraneous causes, med-
ical history of psychiatric diseases, depression, anxiety, diabe-
tes mellitus, hemiparesis from stroke, or catastrophizing pain.

Ultrasonography technique and diagnosis

A rotating stool was used to seat the patient so that the el-
bow was positioned in 90° flection with an unsupported hand 
in the supine position (neutral position). The arm of patient 
was kept in that position so that all structures could be eval-
uated. Real-time ultrasonography was done utilizing an iU22 
Ultrasound Machine with L12-5 50 mm transducer (Koninklijke 
Philips N.V., China) for the acromioclavicular joints, biceps, 
infraspinatus, posterior labrum, subscapularis, supraspinatus, 
teres minor tendon, and the sub-acromial-subdeltoid (SASD) 
bursa. Each tendon was assessed via scanning planes in ori-
entation as per longer axis, shorter axis, and by the myoten-
dinous junction of shoulder to bony insertions. Color Doppler 
(Koninklijke Philips N.V., China) was used to access neovas-
cularity and hyperemia into 4 grades (0 to 3). Standardized 
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Site Position of arm

Acromioclavicular joint Arm in a neutral position with the transducer in a coronal plane, also shifting/rotating the 
transducer atop the acromion

Biceps tendon-long head Arm in a neutral position

Infraspinatus tendon Forearm in a supine position on the ipsilateral thigh or across the front of patient chest, with the 
hand resting on opposing shoulder. Visualization was enhanced by passive internal and external 
rotation, during real-time dynamic imaging

Subscapularis tendon Arm in a neutral position as well as during external rotation

Supraspinatus tendon Arms behind patients backs, with hand near the opposing scapular tip (Crass position). In case this 
position was not possible patient’s hand palm was stationed on iliac wing’s superior aspect with a 
flexed elbow, headed posterior and in the direction of midline (Modified Crass or Middleton position)

The sub-acromial-subdeltoid 
bursa

Arm in a neutral position with patients arm behind back and during testing for subacromial 
impingement

Subacromial impingement The transducer was stationed in the coronal plane with medial margin in the acromion lateral 
margin. Patient’s arm was abducted during internal rotation. The sub-acromial-subdeltoid bursa 
and supraspinatus tendon was easily glid under acromion till the higher tuberosity touched it 
closely. Next, this procedure was also performed during flexion, with transducer stationed sagittal 
with posterior margin near the acromion anterior margin

Table 1. Ultrasonography technique and diagnosis.

Rotator-cuff diseases Criteria

The acromioclavicular 
osteoarthritis

Joint space narrowing, irregularities and/or osteophytes of the articular bone surfaces, and/or 
para-articular cysts

Biceps tendon tear (partial or 
complete)

The tendon contains respectively an anechoic cleft and fluid in the sheath or full anechoic cleft 
via tendon or torn tendon retracted ends separated by the fluid-filled sheath

Calcific tendinitis

The tendon contains hyperechoic foci. Calcium deposit was graded as: 
Type 1: Hyperechoic foci with well-defined acoustic shadow,
Type 2: Hyperechoic foci with a faint shadow,
Type 3: Hyperechoic foci without shadow.
Dynamic examination to reveal impingement and local hyperemia was assessed

Full-thickness rotator cuff tear

Tendon focal thinning, full tendon non-visualization, focal discontinuities in the homogeneous 
tendon echogenicity with no focal thinning, or superficial bursa contour inversion and/or 
hyperechoic material in tendon location that fails to shift with humeral head amid real-time 
dynamic imaging

Os acromiale
Well defined cortical discontinuity of the superior aspect of the acromion, often mimicking a 
double the acromioclavicular joint

Partial-thickness rotator cuff 
tear

Hypoechoic discontinuities in the tendon where lesions involve articular or bursal sides of the 
tendon or hyperechoic and hypoechoic mixed regions in the tendon. The area did not alter 
appearances on shorter as well as longer axis scans and during transducer tilting atop tendon

The sub-acromial-subdeltoid 
bursitis

A thin hypoechoic layer of more than 2 mm in sandwich manner across hyperechoic peri bursal 
fat, that was in sandwich manner across hypoechoic deltoid muscles and supraspinatus tendon 
with hyperemia and/or a teardrop-shaped structure with the most distended segment of the 
bursa most distal and most dependent. Fluid in the bursa had also considered as a secondary 
signal of partial thickness rotator cuff tear at the bursal side or a full thickness tear

Subacromial impingement

Supraspinatus tendon catches on or bunches up anterior or lateral to the acromion. Presence 
of bursal thickening with no inflammatory arthropathy history and/or movement of fluid into 
most lateral part of the sub-acromial-subdeltoid bursa during abduction were secondary signs of 
impingement

Tendinopathy The tendon was locally or diffusely swollen and had a heterogeneous hypoechoic appearance

Table 2. Criteria for rotator-cuff diseases.
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ultrasonography technique and diagnosis were used. All tests 
were conducted by ultra-sonographers (3 years of experience) 
of the participating institutes, utilizing a scanning approach 
as shown in Table 1 [4]. The criteria for rotator-cuff diseases 
are presented in Table 2 [2].

Statistical analysis

The analysis was performed utilizing SPSS Statistics version 
24.0-window (IBM Corporation, NY, USA). Fisher’s exact test 
was used for statistical analysis of categorical data [16]. Linear 
and logistic regression analysis were performed to predict 
the associations of independent variables (the medical his-
tory of patients, e.g., gender, occupational parameters, and 
age) with the dependent variable (rotator-cuff disease). At the 
most discriminating 60 months age cut-off, age was dichoto-
mized [17]. The results were considered significant at 95% of 
confidence level (CI).

Results

Medical history of patients

From May 15, 2016 to July 1, 2018, a total of 247 patients with 
sudden pain in the shoulder were recruited from an outpatient 
setting of the Shanghai General Hospital of Nanjing Medical 
University, China and the First Affiliated Hospital of XinXiang 
Medical University, China. Among the study patients, 3 patients 
were 18 years of age, 32 patients had 3-months prior therapy 
or consultation for shoulder pain, 5 patients had less than 45° 

motion range of glenohumeral rotation, 21 patients had osteo-
arthritis, 23 patients had fracture history of acromion/humerus 
bone, 14 patients had affected shoulder surgery or disloca-
tion, 9 patients had shoulder problems (by rheumatic disorder, 
referred pain, and/or extraneous causes), 6 patients had his-
tory of psychiatric diseases, 4 patients had depression, 6 pa-
tients had anxiety, 12 patients had diabetes mellitus, 1 patient 
had hemiparesis from stroke, and 2 patients had catastroph-
izing pain. Therefore, these patients were excluded from the 
study. A total of 112 patients with sudden shoulder pain with 
rotator-cuff syndrome suspected by an orthopedic surgeon 
were included in the study. The flow diagram of the study is 
presented in Figure 1. The enrolled patients had a median age 
of 48.8±10.2 years. The analysis included 44 female patients 
(39%) and 68 male patients (61%). Only 34 patients (30%) 
had an occupational risk.

Frequencies of rotator-cuff disease

Impingement was found to coexisted with specific rotator-
cuff disorders. Ultrasonography aided in the diagnosis of at 
least one specific cause of rotator-cuff disorder in 92 study 
patients (82%). Among the rotator-cuff disorders, calcific ten-
donitis (54%) was observed more frequently followed by ten-
dinopathy in supraspinatus tendon (32%), SASD bursitis (22%), 
and partial thickness tear (21%). Among the rotator-cuff dis-
eased patients, 46 patients (41%) had found multiple disor-
ders. The frequencies of multiple rotator-cuff disorder in pa-
tients is presented in Table 3.

Potential participants (n=250)

Excluded (n=138)
• Age <18 years (n=3)
• 3 months prior therapy/consultation for shoulder pain
  (n=32)
• <45° motion range of glenohumeral royation (n=5)
• Osteoathritis (n=21)
• Fracture history of acromion/humerus bone (n=23)
• Affected shoulder surgery/dislocation (n=14)
• Shoulder problems (n=9)
• Psychiatric diseases (n=6)
• Depression (n=4)
• Anxiety (n=6)
• Diabetes mellitus (n=12)
• Hemiparesis from stroke (n=1)
• Catastrophizing pain (n=2)

Eligible participants (n=112)

Ultrasonography (n=112)

Adapted
diagnostic
procedure

Personalized therapy (n=112)

Figure 1. Flow diagram of the study.
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Potential predictors of sudden pain in the shoulder

Age was association with detection of rotator-cuff disorder 
(P=0.0004). The frequencies of ultrasonography diagnosed 
rotator-cuff disorder and predictor factors are presented in 
Table 4. Linear-regression analysis demonstrated a signifi-
cant increase in the number of disorders with advancing age 
(r2=0.86). The univariate analyses demonstrated a significant 
association of age with the presence of rotator-cuff disorder, 
which was affirmed by the multivariate analyses’ outcome (OR: 
0.239, 95% CI: 0.118–0.485).

Discussion

This observational study reported 92 patients (82%) with at 
least one specific cause of rotator-cuff disorder among the pa-
tients who had sudden pain in the shoulder(s) irrespective of 
age and sex. The painful arc test is considered the most spe-
cific test for the detection of the rotator-cuff syndrome [1], but 
it has inconclusive sensitivity and specificity [2]. Also, physi-
ological tests are not capable of delineating the morphology 
and size of rotator-cuff [18]. Ultrasonography provides excel-
lent visualization of upper limb muscles [15] and surrounding 

connective soft tissues [19], and it has several advantages, e.g., 
no radiation and portability [15]. Also, ultrasonography has ex-
cellent inter-observer agreement for synovial effusion, carti-
lage erosion, and synovial thickening [20]. Musculoskeletal ul-
trasonography is an appropriate and non-invasive method for 
the evaluation of rotator-cuff syndrome.

The ultrasonographic investigation by orthopedic surgeons for 
patients with sudden pain in the shoulder was also performed 
for calcific tendonitis and thickness tears in our study. The re-
sults demonstrated greater frequency of calcific tendonitis with 
a comparatively lower tear proportion when compared with 
studies conducted in secondary care settings [8,14]. The re-
sults from our study suggest a potential diagnostic methods 
for patients with sudden shoulder pain who are considered 
for surgical treatment.

Our observational study demonstrated that older age (older 
than 40 years) was a stronger predictor of rotator-cuff disor-
der in patients with sudden pain in the shoulder(s). The re-
sults of our study were in line with available published stud-
ies [8,17,21]. The outcomes in the present study revealed that 
ultrasonography allows orthopedic doctors to streamline ther-
apy, particularly for patients 40 years of age or older.

Characteristics Populations

Patients with rotator-cuff disease  92

Two diseases Calcific tendonitis and tendinopathy  14 (15)

Calcific tendonitis and SASD bursitis  5 (5)

SASD bursitis and tendinopathy  2 (2)

ACJ osteoarthritis and tendinopathy  2 (2)

Calcific tendonitis and partial thickness tear  2 (2)

Partial thickness tear and SASD bursitis  2 (2)

ACJ osteoarthritis and calcific tendonitis  2 (2)

Calcific tendonitis and full thickness tear  2 (2)

Full thickness tear and SASD bursitis  1 (1)

ACJ osteoarthritis and SASD bursitis  1 (1)

Three diseases Calcific tendonitis, partial thickness tear, and tendinopathy  4 (4)

Calcific tendonitis, partial thickness tear, and SASD bursitis  2 (2)

Partial thickness tear, SASD bursitis, and tendinopathy  2 (2)

ACJ osteoarthritis, calcific tendonitis, and SASD bursitis  1 (1)

ACJ osteoarthritis, partial thickness tear, and SASD bursitis  1 (1)

ACJ osteoarthritis, full thickness tear, and calcific tendonitis  1 (1)

Four diseases Calcific tendonitis, partial thickness tear, SASD bursitis, and tendinopathy  1 (1)

ACJ osteoarthritis, calcific tendonitis, tendinopathy, and SASD bursitis  1 (1)

Table 3. Frequencies of multiple diseases in patients with rotator cuff disease.

ACJ – acromioclavicular joint; SASD – subacromial subdeltoid.
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Characteristics Populations
p-Value# OR (95% CI)

Patients enrolled in the study 112

RCD Absent  20 (18) – –

Present
Age <40 years  11 (10)

0.0004*  0.239 (0.118–0.485)
Age ³40 years  81 (72)

Gender Male  68 (61)
0.826  0.98 (0.28–2.31)

Female  44 (39)

Occupational risk  34 (30)
0.841  0.97 (0.26–2.42)

Non-occupational risk  78 (70)

Specific disease

ACJ Osteoarthritis With the other RCD  9 (8)

Without the other RCD  4 (4)

Age ³40 years  13 (12)
0.002*  2 (1.29–3.1)

Age <40 years  0 (0)

Calcific tendonitis With the other RCD  34 (30)

Without the other RCD  24 (21)

Age ³40 years  53 (47)
<0.001*  1.96 (1.26–3.05)

Age <40 years  1 (1)

Full-thickness tear With the other RCD  3 (3)

Without the other RCD  0 (0)

Age ³40 years  3 (3)
0.229  2 (1.29–3.1)

Age <40 years  0 (0)

Partial thickness tear With the other RCD  14 (13)

Without the other RCD  7 (6)

Age ³40 years  18 (16)
0.782  2.14 (0.58–6.97)

Age <40 years  3 (3)

SASD bursitis With the other RCD  19 (17)

Without the other RCD  3 (3)

Age ³40 years  22 (20)
0.02*  1.71 (1.07–2.75)

Age <40 years  0 (0)

Tendinopathy With the other RCD  26 (23)

Without the other RCD  8 (7)

Age ³40 years  31 (28)
0.0001*  1.94 (1.24–3.02)

Age <40 years  1 (1)

Impingement Age ³40 years  16 (14)
0.004*  1.88 (1.2–2.97)

Age <40 years  1 (1)

Table 4. Frequencies of ultrasonography diagnosed rotator-cuff disease and predictor factors in the enrolled patients.

Variables were presented as number (percentage). ACJ – acromioclavicular joint; RCD – rotator-cuff disorder; SASD – subacromial 
subdeltoid. # Fisher’s Exact Test was used for statistical analysis. A p<0.05 was considered significant. Linear and logistic regression 
analysis were used to predict the associations. OR – odd ratio; CI – confidence interval. * Significant association.
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Sudden pain in the shoulder typically presents with at least one 
specific cause of rotator-cuff disorder (e.g., calcific tendonitis, 
tendinopathy, SASD bursitis, or partial thickness tear). In ad-
dition, 41% of patients have been found to have multiple dis-
orders. Subacromial impingement and shoulder stiffness pre-
dicted by physical tests are poor prognostic factors for initial 
success of treatment [1]. Ultrasonography gives clarification 
to the patient complaints and advises physicians regarding 
prognosis. For example, intermittent excruciating episodes are 
characteristic of calcific tendonitis [22]. In day to day practice, 
it is necessary to always weigh the ultrasonography results 
and other findings from the clinical setting, as asymptomatic 
discoveries might be noted [8]. Patients having a musculo-
skeletal disease should be treated as per the disease which 
is more symptomatically likely, e.g., resorption phase calcifi-
cation or bursitis might profit by corticosteroid injections [1]. 
Ultrasonography might be helpful to inform treatment strate-
gies for multiple causes of rotator-cuff disorders.

This study was able to differentiate calcific tendonitis, tendi-
nopathy, SASD bursitis, and thickness tears among the rotator-
cuff disorders in patients with sudden shoulder pain by using 
ultrasonography. For the diagnosis of the rotator-cuff disor-
ders, early detection by physical tests [2], arthroscopy [23], 
and open surgery [24] are helpful to prevent further pa-
thology of the disease. Besides these, MRI [25], computed 
tomography [26], MRA [25,27], and traditional radiology [28] 
are commonly used methods for detection of the rotator-cuff 
disorders. It is important to note that for further diagnosis of 
patients with sudden shoulder pain, physical tests have high 
sensitivity but have no specificity [29], and arthroscopy and 
open surgery are tedious, invasive, non-dynamic, and expen-
sive methods [2]. Ultrasonography can facilitate side-by-side 
comparisons of joints [19]. Ultrasonography is the best option 
to diagnose rotator-cuff disorder compared to other available 
modalities for patients with sudden shoulder pain.

Certain intrinsic limitations of this study require consideration 
when interpreting the study outcomes. Because ultrasonogra-
phy is operator-dependence [19], this study would have ben-
efited from comparisons with the contralateral shoulder as 
a control cohort, a reliability study, and a greater number of 
ultra-sonographers. In our study, scanning of the contralateral 
shoulder was done only when results were ambivalent. As this 

was a 2-center study with very limited patient numbers, we 
should be cautious in generalizing the results. The clinical value 
of ultrasonography will rely upon whether patient results are 
altered. Patient history also can have an effect on results out-
comes [30] but this study did not evaluate patient history. 
We did not have rheumatoid factor test results [31] to evalu-
ate for musculoskeletal disorders, which was somewhat un-
orthodox, but the study did not include laboratory test. Acute 
cuff tears and chronic cuff tear analysis was not performed. 
Results of ultrasound finding should have been compared to 
arthroscopic findings or the findings by musculoskeletal radi-
ologists. A further comparative diagnostic study is required to 
assess and prove that an earlier ultrasonography in diagnostic 
modality improves patients’ outcomes. Long-term health out-
comes were not evaluated in this study. Subcutaneous thick-
ness has been reported to be a major influence on echo inten-
sity values [32]. Echo intensity values were not adjusted in the 
present study. The possible justification for this exclusion was 
that there was a light touch of the transducer on the upper 
limb skin. Only 82% of patients were diagnosed with positive 
rotator-cuff disorder(s). However, all patients had sudden pain 
in the shoulder. The possible reason for the failure of ultraso-
nography in the remaining patients could be the presence of 
excessively soft tissues over the glomerular joint space, which 
interferes with the sensitivity of ultrasonography for detection 
of the rotator-cuff disorder [33].

Conclusions

Ultrasonography equipment is the best way for orthopedic sur-
geons to assess patients for rotator-cuff disorders who have 
sudden pain in the shoulders, particularly for elderly patients.
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