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Musculoskeletal ultrasound of the shoulder
in patients with adhesive capsulitis
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Abstract. Adhesive capsulitis is a common pathological
condition of the shoulder that affects the general popula-
tion. The aim of the present study was to explore shoulder
ultrasonographic findings in patients with adhesive capsu-
litis. A cross-sectional descriptive study was conducted on
96 patients with adhesive capsulitis. Abnormal shoulder
ultrasonographic findings were found in all participants.
The top three abnormal ultrasonographic imaging features
were biceps tendon effusion (71.8%), positive dynamic supra-
spinatus impingement (56.2%) and subdeltoid-subacromial
bursitis (47.9%). By assessing the relationship between
limited functional shoulder range of motion (ROM) and
abnormal shoulder ultrasonographic findings, limited passive
ROM (PROM) with shoulder flexion of <120 degrees was
found to be significantly associated with positive dynamic
supraspinatus impingement. Similarly, limited PROM in
shoulder abduction of <130 degrees was found to be signifi-
cantly associated with subdeltoid and subacromial bursitis,
as well as positive dynamic supraspinatus impingement.
In addition, limited PROM with shoulder internal rotation
of <60 degrees was significantly associated with positive
dynamic supraspinatus impingement. Varying abnormal
shoulder ultrasonographic findings were obtained in patients
with adhesive capsulitis. Therefore, it should be cautioned
that relying solely on physical examination may not accu-
rately indicate true shoulder pathology and it is suggested
that the final diagnosis should be based on a combination of
the patients' clinical and overall ultrasonographic findings.
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Introduction

Adhesive capsulitis, also known as frozen shoulder, is a
common pathological condition of the shoulder that affects
2-5% of the general population (1,2). The etiology is still
unknown but risk factors include female sex, age >40 years,
preceding trauma, human leukocyte antigen-B27 positivity
and prolonged immobilization (3). Systemic diseases associ-
ated with adhesive capsulitis are diabetes mellitus, stroke,
thyroid disorders and Parkinson's disease (4). Most patients
with adhesive capsulitis present with pain and development of
functional restriction of both active and passive glenohumeral
joint motions, which causes shoulder stiffness (5). These symp-
toms typically begin gradually, worsen over time and then
resolve, usually within one to three years (5). The pathology of
adhesive capsulitis remains unclear but may include a chronic
inflammatory response with fibroblastic proliferation, which
may be immunomodulated and which induces capsule thick-
ening and tightening around the shoulder joint, thus restricting
its movement (6).

Patients with adhesive capsulitis present with insidious
onset, dull and aching pain, which is often worse at night and
associated with movement and restricted passive and active
range of motion (ROM) of the shoulder in all directions,
particularly external rotation (7). Physical examination shows
diffuse tenderness over the glenohumeral joint and limited
passive and active shoulder ROM. There are three phases of
frozen shoulder: Phase I, the painful or pain-dominant phase;
Phase II, the adhesive or stiffness phase; and Phase III, the
resolution or thawing phase (1,8). The management of adhesive
capsulitis includes analgesic medications, physical modalities,
ROM exercises, manipulation under anesthesia and surgical
intervention (2.,9).

Adhesive capsulitis is usually diagnosed based on history
and physical examination. There are few specific laboratory
tests that may be performed if concern for an underlying
systemic disease contributes to the condition or radiological
markers for adhesive capsulitis diagnosis. Plain radiograph,
which mainly displays the bony structure, cannot rule out
other pathologies that present with shoulder pain and limit
ROM that mimic frozen shoulder, such as biceps tendinopathy,
rotator cuff tendinopathy or tear, and subacromial and subdel-
toid bursitis. These conditions can mimic frozen shoulder, but
may also occur concomitantly and cannot be differentiated
by physical examination. Thus, further investigations, such as
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magnetic resonance imaging (MRI), ultrasound or arthros-
copy, should be considered for evaluating soft tissue shoulder
structure (4,10).

Numerous studies have reported on the concomitant patho-
physiology associated with primary frozen shoulder by MRI
or arthrography findings. The pathology has been attributed
to structures such as the subacromial bursa, joint capsule,
coraco-humeral ligament and synovial joint (10).

Musculoskeletal ultrasound (MSK US) is mostly used for
investigating soft tissue lesions, such as tendinopathy, syno-
vitis and bursitis. It has numerous advantages, such as shorter
examination times, lower cost and wider availability to patients
compared with non-MRI-compatible implants (11). Ultrasound
is a noninvasive, radiation-free diagnostic test and it does not
have any contraindications. Ultrasound imaging provides
simultaneous comparison between multiple regions and can
be used to facilitate interventional procedures (12). In previous
studies, ultrasound examinations of patients with adhesive
capsulitis have revealed increased thickness of the inferior
glenohumeral capsule, coracohumeral ligament (CHL), soft
tissue in rotator interval and axillary recess capsule (ARC)
thickness (13-15). The diagnostic cutoff values for adhesive
capsulitis showed that the CHL thickness had a sensitivity
of 77-74-95% and a specificity of 88-99%, while the ARC
thickness had a sensitivity of 68.9-93.8% and a specificity of
90.2-98% (11,16,17). Doppler signals and hypoechoic echotex-
ture in the rotator interval demonstrated high sensitivity
(97%) and specificity (100%) for the diagnosis of adhesive
capsulitis (18). Ultrasound has also identified common soft
tissue pathologies in patients with shoulder pain, both with and
without limited range of motion, such as subacromial bursitis
and rotator cuff tendinopathy (15). A study exploring the prev-
alence of subacromial-subdeltoid bursitis found that effusion
in the subacromial-subdeltoid bursa was frequently associated
with shoulder pain, often independently from the underlying
pathology (19). An evaluation of rotator cuff pathology in stiff
shoulder by MRI and ultrasound found that the severity of
the ROM limitation did not correspond to the severity of the
rotator cuff tear (20). Al Khayyat et al (17) found that using
MSK US as a first-line imaging modality was as reliable as
MRI for diagnosing adhesive capsulitis. This conclusion was
based on the evaluation of combined ultrasound parameters,
including grey-scale changes, thickening of shoulder liga-
ments, axillary pouch thickening, alterations in the long head
of the biceps tendon sheath, and changes in the supraspinatus
and infraspinatus. These findings assist physicians in everyday
clinical practice (17). Numerous studies have evaluated
shoulder structure in adhesive capsulitis and shoulder pain
by ultrasound. However, they only evaluated and reported on
thickness of ligament, capsule and soft tissue in the rotator
interval. Only a small number of studies have used MSK ultra-
sound to evaluate rotator cuff disorders (19-21). The aim of
the present study was to use ultrasound to evaluate pathologies
that can occur concomitantly with adhesive capsulitis.

Patients and methods
Study design and participants. This study was designed as

a cross-sectional descriptive study. We enrolled 96 patients
with adhesive capsulitis diagnoses from the rehabilitation

or orthopedics clinic at Srinagarind Hospital, Faculty of
Medicine, Khon Kaen University (Khon Kaen, Thailand). The
inclusion criteria were a patient age of >18 years, unilateral
local shoulder pain for >3 months and >50% limitation in
active and passive glenohumeral joint ROM in comparison
to the uninvolved shoulder for greater than or equal to two
directions (21,22). Exclusion criteria were clinical evidence of
significant cervical spine disease, history of significant trauma
to the shoulder, prior surgery, dislocation or fractures on the
affected shoulder, inability to cooperate during the examina-
tion and inability to sit in a chair for >30 min.
The sample was estimated size based on the standard

formula for prevalence studies,

__ Z?P(1-P)

=—

where P is the expected prevalence of 0.493 based on a
previous study (19), Z is the test statistic corresponding to a
95% confidence interval and d is the required precision of 0.1.
This gave a sample size estimate of 96 participants.

Data collection. All patients were assessed clinically and
by ultrasonographic examination of their affected shoul-
ders. Prior written informed consent was obtained from all
patients. Demographic data collected included age, gender,
body weight and height, underlying disease, duration of
shoulder pain, site of pain, handedness and occupation.
Occupation was classified according to work demands. Home
and office work was considered light work, while farming
and technical work were considered heavy work (23).
Shoulder pain severity was assessed using a numerical
rating scale, with O indicating no pain and 10 representing
the most severe pain. Medical treatments, including medica-
tions (analgesics or muscle relaxants) and types of physical
therapy (physical modalities and range-of-motion exercises)
were recorded. All participants were requested to complete
the Thai Shoulder Pain and Disability Index (SPADI)
questionnaire [Phongamwong and Choosakde (24)], which
demonstrates excellent validity and reliability. The internal
consistency of the pain subscale, disability subscale and
total scale was outstanding, with Cronbach's a coefficients
of 0.92, 0.94 and 0.95, respectively, closely matching the
original English version by Roach er al (25) (Cronbach's
0=0.95). The Thai SPADI (24) was chosen for the present
study due to its cultural relevance, language specificity and
greater applicability to the local population in Thailand. All
of this information was obtained by a physician who was not
a musculoskeletal ultrasonographic examiner.

Patients' affected shoulders were examined to identify the
area of maximal tenderness by palpating anterior, posterior,
medial and lateral shoulder sites. Both passive and active
ROM for the affected shoulders were tested. Limited func-
tional shoulder (ROM was defined as passive shoulder forward
flexion of 120 degrees or less, abduction of 130 degrees or less
and internal and external rotation of 60 degrees or less (26-28).

MSK US was performed on the affected shoulder by
a specialist in rehabilitation medicine who had >10 years'
experience in MSK US and was blinded to the clinical
diagnoses. The ultrasonography protocol followed standard
practice with the GE LOGIQ™ e Ultrasound System (GE
Healthcare) and used a 9L-D linear array transducer to
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Table II. Shoulder characteristics.

Characteristic Value Characteristic Value
Sex Shoulder pain site
Male 32 (33.3) Dominant 55(57.2)
Female 64 (66.6) Non-dominant 41 (42.7)
Age, years 59.0+11.8  Duration of pain, months 4 (3-6)
BMI, kg/m? 233+34  Severity on the NRS 6.8+2.0
Underweight 44.1) Previous treatment
Normal 39 (40.6) None 17 (17.7)
Overweight 28 (29.1) Self-exercise 909.3)
Obese 25 (26.0) Medications (analgesic or muscle 27 (28.1)
Handedness relaxant)
Right 77 (81.0) Physical therapy: Modality + 18 (18.7)
Left 18 (18.9) ROME
Underlying diseases 70 (72.9) Medication and physical therapy 25 (26.0)
DM 19(19.7)  Area of maximal tenderness
HT 29 (30.2)  None 14 (14.5)
DLP 27 (28.1) Anterior 65 (67.7)
Others 39 (40.6) Posterior 11(11.4)
Occupation Lateral 6(6.2)
Light work (home and office work) 29 (30.2)  Active/passive ROM
Heavy work (farming or technician) 50 (52.0) Forward flexion 130.9+£32.8/139.3+31.0
None 17 (17.7) Abduction 117.1+£42.1/126.1+£40.2

Values are expressed as n (%) or the mean =+ standard deviation. DM,
diabetes mellitus; HT, hypertension; DLP, dyslipidemia; BMI, body
mass index.

collect images. Participants sat upright in a chair during the
ultrasonographic examination. Ultrasound abnormalities and
characteristics of the biceps tendon, supraspinatus tendon,
subdeltoid-subacromial bursa, subscapularis tendon, infraspi-
natus tendon, acromioclavicular joint and glenohumeral joint
were documented according to the guidelines of The European
Society of Musculoskeletal Radiology (29). The definitions
of ultrasonographic pathology were based on international
guidelines of The Outcomes Measures in Rheumatology
(OMERACT 7) (26).

Statistical analysis. For all statistical analyses, Stata software
v.13 (StataCorp LP) was utilized. Continuous data were
expressed as the mean + standard deviation (SD) if the data
were normally distributed and median with interquartile range
if the data were not normally distributed. Ordinal and cate-
gorical data were presented as frequencies and percentages.
Chi-squared tests were conducted to determine the associa-
tion between limited functional shoulder ROM and abnormal
ultrasonographic findings.

Results
Baseline characteristics. Of the 96 patients enrolled in

the present study, 64 (66.6%) were female. The age of the
patients (mean + SD) was 59.0+11.8 years. Most patients were

34.2421.6/40.3£23.0
71.1£16.0/74.7£16.1

Internal rotation
External rotation

SPADI score 54.3+17.8
Mild (0-20) 2(2.0)
Moderate (21-40) 20 (20.8)
Severe (41-60) 35(364)
Very severe (61-80) 32 (33.3)
Extremely severe (81-100) 7(7.2)

Values are expressed as n (%), the mean + standard deviation or the
median (interquartile range). NRS, numeric rating scale; ROME,
range of motion exercise; ROM, range of motion; SPADI, Shoulder
Pain and Disability Index.

right-handed (81.0%) and most did heavy work (52.0%) and
had a normal body mass index (40.6%) (Table I).

Shoulder pain characteristics. Table 11 shows that most
shoulder pain occurred on the dominant side (57.2%). The
median duration of shoulder pain was 4 months. The mean
numeric pain severity rating was 6.8 (severe pain). A large
majority, (82.1%), of patients had experienced previous treat-
ments, including medications and/or physical therapy and/or
exercise, before their ultrasonographic examination. The most
common area of maximal tenderness was the anterior region.
A sizeable number of patients had SPADI scores in the severe
range (36.4%) and very severe range (33.3%).

Shoulder ultrasound findings. Abnormal shoulder ultrasound
findings were found in all 96 cases (100%). On ultrasono-
graphic imaging, the top three abnormalities were biceps
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Figure 1. Short-axis view of the biceps tendon showing an effusion, as indi-
cated by the arrow.

tendon effusion (71.8%) (Fig. 1), positive dynamic supra-
spinatus impingement (56.2%) and subdeltoid-subacromial
bursitis (47.9%) (Table III) The relationship between limited
functional shoulder ROM and common abnormal ultraso-
nographic findings was analyzed. The results showed that a
limited passive ROM (PROM) in shoulder flexion of <120
degrees was significantly associated with positive dynamic
supraspinatus impingement. Similarly, a limited PROM in
shoulder abduction of <130 degrees was significantly asso-
ciated with subdeltoid and subacromial bursitis, as well as
positive dynamic supraspinatus impingement. In addition, a
limited PROM in shoulder internal rotation of <60 degrees
was significantly associated with positive dynamic supraspi-
natus impingement (Table IV).

Discussion

The present study was the first to evaluate both rotator cuff
and non-rotator cuff parameters, including acromioclavicular
joint, biceps tendon, subscapularis tendon, supraspinatus
tendon, subdeltoid-subacromial bursa, infraspinatus tendon,
glenohumeral joint and the dynamic supraspinatus impinge-
ment test. As expected, abnormal ultrasound findings were
present in all of the cases, as most had severe shoulder pain.
A sizeable number of patients had SPADI scores in the severe
range and most did heavy work. The most common abnormal
ultrasonographic finding in the present cohort of patients
with adhesive capsulitis was biceps tendon effusion. This
was consistent with the most common physical examination
finding of maximal tenderness in the anterior shoulder region,
also found in previous studies (30,31). In cases of adhesive
capsulitis, effusion can be easily detected in the region of the
long head of the biceps tendon, often appearing as a target
sign. However, glenohumeral joint effusion may be most reli-
ably detected and quantified in the posterior glenohumeral
joint recess, where it is typically found less frequently than in
the long head of the biceps tendon region (30,32). According
to the present results, effusion is detected more frequently in
the region of the long head of the biceps tendon (71.8%) than in
the glenohumeral joint (7.2%). Park et al (30) suggested biceps

Table III. Ultrasound findings.

Structural feature Value
Biceps tendon
Normal echogenicity 27 (28.1)
Effusion 69 (71.8)
Calcification 2(2.0)
Subscapularis tendon
Normal echogenicity 85 (88.5)
Tendinosis 6(6.2)
Partial rupture 1(1.0)
Calcification 44.1)
Acromioclavicular joint
Normal echogenicity 88 (91.6)
Effusion 33.D
Calcification 44.1)
Increase vascularity 1(1.0)
Supraspinatus tendon
Normal echogenicity 48 (50.0)
Tendinosis 37 (38.5)
Partial rupture 7(7.2)
Full rupture 1(1.0)
Calcification 10 (10.4)
Irregular cortex 1(14)
Subdeltoid-subacromial bursa
Normal echogenicity 50 (52.0)
Bursitis 46 (47.9)
Infraspinatus tendon
Normal echogenicity 82 (85.4)
Tendinosis 2(2.0)
Partial rupture 2(2.0)
Calcification 8 (8.3)
Effusion 2(2.0)
Glenohumeral joint
Normal echogenicity 79 (82.2)
Effusion 7(7.2)
Calcification 11 (11.4)
Dynamic supraspinatus impingement
Negative 38 (39.5)
Positive 54 (56.2)
Non-applicable 44.1)

Values are expressed as n (%).

tendon effusion may be due to joint shrinkage in adhesive
capsulitis pushing the joint fluid to another space, such as
the biceps long head tendon sheath. However, biceps tendon
effusion is not associated with biceps pathology alone and
may also be found in rotator cuff disease (33) or subacromial
impingement (34). Therefore, it is essential to correlate these
findings with physical examinations simultaneously.

The second most common abnormal ultrasono-
graphic finding in the present study was positive dynamic
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Table I'V. Relationship between limited functional ROM and abnormal ultrasound.

ROM limit/abnormal ultrasound finding Yes No P-value
Flexion (PROM =<120) 36 (37.5)
Biceps tendon effusion 25 (69.4) 11 (30.6) 0.68
Supraspinatus tendon - tendinosis 15(41.7) 21 (58.3) 0.63
Subdeltoid-subacromial bursa - bursitis 15(41.7) 21 (58.3) 0.34
Dynamic supraspinatus impingement positive 25 (57.6) 8(24.2) 0.013
Abduction (PROM <130) 50 (52.0)
Biceps tendon effusion 33 (66.0) 17 (34.0) 0.18
Supraspinatus tendon-tendinosis 18 (36.0) 32 (64.0) 0.59
Subdeltoid-subacromial bursa - bursitis 19 (38.0) 31 (62.0) 0.043
Dynamic supraspinatus impingement positive 34(72.3) 13 (27.7) 0.007
Internal rotation (PROM <60) 81 (84.3)
Biceps tendon effusion 60 (74.0) 21 (35.9) 0.27
Supraspinatus tendon-tendinosis 30 (37.0) 51 (63.0) 048
Subdeltoid-subacromial bursa - bursitis 40 (494) 41 (50.6) 0.50
Dynamic supraspinatus impingement positive 51(62.4) 27 (34.6) 0.002
External rotation (PROM <60) 25 (26.0)
Biceps tendon effusion 15 (60.0) 10 (40.0) 0.13
Supraspinatus tendon - tendinosis 10 (40.0) 15 (60.0) 0.86
Subdeltoid-subacromial bursa - bursitis 10 (40.0) 15 (60.0) 0.36
Dynamic supraspinatus impingement positive 17 (73.9) 6 (26.1) 0.09

Values are expressed as n (%). ROM, range of motion; PROM, passive ROM.

supraspinatus impingement. There were 3 cases exhibiting
severe limitations in abduction ROM and 1 case diagnosed
with a full-thickness tear of the supraspinatus tendon. More
than half of the patients in the present study had a positive
dynamic impingement test, consistent with Tandon et al (14),
who found high sensitivity for dynamic supraspinatus
impingement in adhesive capsulitis. Kim et al (35) also found
that subacromial gliding limitation of the supraspinatus
tendon is associated with decreased shoulder joint capacity,
an important feature of adhesive capsulitis. However, posi-
tive dynamic supraspinatus impingement findings are known
to occur in numerous other pathologies, such as rotator cuff
tears, impingement syndromes, tendinitis and subacromial
bursitis (14). Therefore, it is important to compare ultrasound
results with physical examinations to identify a possible
diagnosis.

Stella et al (31) found subacromial-subdeltoid bursitis
in 11.3% of patients with adhesive capsulitis, whereas in the
present study, the extent of bursitis was 42.2%. However,
their study did not include patients' occupations. The differ-
ence between the two studies may arise from the fact that the
majority of patients in the present study engaged in heavy
work, potentially resulting in repetitive severe trauma to the
shoulder with a higher prevalence of subdeltoid-subacromial
bursitis.

The relationship between limited functional shoulder ROM
and abnormal ultrasonographic findings was also investigated
in the present study. It was hypothesized that limited shoulder
flexion may result from pathology in the biceps tendon, as the

biceps tendon plays a significant role in this motion (36). The
present study showed that limited shoulder flexion was associ-
ated with positive dynamic supraspinatus, which differed from
the initial hypothesis of the present study. If patients present
with limited shoulder flexion, the pathology may involve not
only the biceps tendon but also positive dynamic supraspinatus
impingement. Restricted shoulder abduction could also result
from supraspinatus tendon pathology and nearby structures,
as this tendon plays an important role in this motion (37). This
aligns with the findings of the present study, which showed
that limited shoulder abduction was significantly associated
with subdeltoid and subacromial bursitis, as well as positive
dynamic supraspinatus impingement. It resembles the assess-
ment of specific tests, such as the Jobe test (38). It has also been
previously reported that posterior capsule shoulder thickening,
as well as muscle spasm of the posterior deltoid, infraspinatus
and teres minor can cause internal rotation limitation (39). The
coraco-humeral ligament, which is usually the first structure
to be affected in adhesive capsulitis, restricts mainly external
rotation and additionally internal rotation of the shoulder
joint (40). However, in the present study, it was found that
the most common ultrasonographic abnormality in limited
shoulder internal rotation was positive dynamic supraspinatus
impingement. The results of the present study thus differed
from the initial hypothesis. Therefore, it should be cautioned
that relying solely on physical examination may not accurately
indicate the true pathology. It may be recommended to combine
physical examination with simultaneous ultrasound for a more
comprehensive diagnosis of any shoulder abnormalities.


https://www.spandidos-publications.com/10.3892/br.2024.1878

6 MOLEESAIDE et al: SHOULDER ULTRASOUND IN ADHESIVE CAPSULITIS

The study by Malavolta ef al (41) from 2018 found that
Asian ethnicity is an independent risk factor for the develop-
ment of adhesive capsulitis. However, there is no published
study showing any inter-ethnic difference in the MSK US
examination result in patients with adhesive capsulitis. This
provides an interesting area for future research. In the present
study, all patients had abnormal ultrasound findings, and it was
therefore not possible to comparatively analyze factors associ-
ated with shoulder ultrasonographic abnormalities. It may be
recommended that ultrasound should ideally be conducted in
every case of adhesive capsulitis and it is important to compare
ultrasound results with physical examinations to identify a
possible diagnosis.

The present study had certain limitations that are worth
mentioning. First, the cross-sectional design limits the deter-
mination of the temporal relationship of adhesive capsulitis
with the development of ultrasonographic abnormalities and
it also lacks a comparison group. Further studies are required
with a cohort of patients from multiple hospitals and poten-
tially multiple countries. Furthermore, most patients had
undergone prior treatments that could have influenced the
ultrasound findings. In addition, the associations between
shoulder ultrasound abnormalities and severity of their
underlying disease or various psychosocial factors such as
anxiety, stress and poor sleep were not determined in the
present study. Consequently, future research should address
these variables to assess their potential impact on shoulder
pain or shoulder ultrasound abnormalities and should also
compare them to gold standard tests such as arthroscopy
or MRI in controlled trials with a larger sample size than
that of the present study. Furthermore, in the present study,
MSK US was performed by only one specialist, which is a
limitation due to the absence of confirmation from a second
specialist. It may be encouraged that physicians perform
ultrasound in patients with adhesive capsulitis and compare
ultrasound results with physical examinations to identify
a possible diagnosis. However, it should be noted that an
abnormal ultrasonographic finding is not a definite diag-
nosis for adhesive capsulitis in each patient, and the final
diagnosis should be based on the individual patient's clinical
and overall ultrasonographic findings.

In conclusion, in the present study, abnormal shoulder
ultrasonographic findings were found to be prevalent in
individuals with adhesive capsulitis. The most common
abnormal ultrasonographic imaging findings in adhesive
capsulitis were biceps tendon effusion, positive dynamic
supraspinatus impingement and subdeltoid-subacromial
bursitis.
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