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ABSTRACT

Introduction: Adhesive capsulitis (AC), which
is characterised by shoulder pain and a limited
range of motion (ROM), is usually diagnosed on
the basis of clinical suspicion, with imaging
only being used to exclude other causes of

similar symptoms. The aim of this study was to
identify and describe the typical ultrasound
(US) features of AC in a group of patients with
shoulder pain and stiffness.
Methods: This was a cross-sectional study of
1486 patients with AC in which two experi-
enced US specialists examined the axillary
pouch (AP), the coracohumeral ligament (CHL),
the superior glenohumeral ligament (SGHL),
and the long head of the biceps tendon (LHBT),
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and dynamically visualised the infraspinatus
tendon during passive external rotation (PER)
during a US evaluation of shoulder ROM.
Results: AC was confirmed in 106 patients
(7.1%). Thickening of the AP of more than
4 mm was observed in 93.4% of the patients,
whereas 6.6% showed AP thickening of less
than 4 mm but more than 60% of the thicken-
ing in the contralateral shoulder. Effusion
within the LHBT sheath was detected in 71% of
the patients, and thickening of the CHL or
SGHL in 88%. The dynamic study of the
infraspinatus tendon showed reduced sliding
with folding towards the joint capsule in 73% of
cases, thus changing the tendon’s profile from
flat to concave during PER. The reduced tendon
sliding was associated with a bouncing move-
ment that returned the tendon to its baseline
resting position in 41.5% of cases.
Conclusions: We believe a sufficiently experi-
enced US specialist can confirm a clinical diag-
nosis of AC by carrying out a comparative study
of APs, evaluating the thickness of the CHL and
SGHL, and detecting reduced sliding of the
infraspinatus tendon.

Keywords: Adhesive capsulitis; Frozen
shoulder; Ultrasound; Coracohumeral
ligament; Axillary pouch

Key Summary Points

Why carry out this study?

Adhesive capsulitis (also known as frozen
shoulder) is a frequent disorder that
causes pain and significantly limits
shoulder function.

Its diagnosis is generally based on the
patient’s history and a physical
examination.

We studied the typical ultrasound features
of adhesive capsulitis in patients referred
to our outpatient clinic because of a
painful shoulder.

What was learned from the study?

Axillary pouch thickening, reduced sliding
of the infraspinatus tendon, and
thickening of the shoulder pulleys are
typical ultrasound findings of adhesive
capsulitis.

A sufficiently trained specialist can
confirm a clinical diagnosis of adhesive
capsulitis by carrying out a comparative
ultrasound study of the shoulders.

DIGITAL FEATURES

This article is published with digital features,
including a video, to facilitate understanding of
the article. To view digital features for this
article go to https://doi.org/10.6084/m9.
figshare.17105714.

INTRODUCTION

Adhesive capsulitis (AC), also known as frozen
shoulder, is a frequent pathological condition
that causes pain and significantly limits the
range of motion (ROM) of the shoulder. It was
first described by Duplay in 1872, when it was
given the name scapulohumeral periarthritis
[1], and Codman called it frozen shoulder in
1934 [2]. However, it was not until 1945 that is
was given its current name to describe capsular
thickening of the glenohumeral joint after
Neviaser had investigated the characteristics of
the disorder [3].

AC is of uncertain aetiopathogenesis but
characterised by significantly reduced active
and passive movement in the absence of
intrinsic shoulder disease [4]. It is most frequent
in middle-aged women, usually in their fifth-
seventh decade of life [5]. The prevalence of AC
in the general population is about 2–5% but as
high as 20% in people with diabetes [6, 7]. It
often first affects one shoulder (usually the non-
dominant shoulder) and then its contralateral
after a period ranging from 6 months to 7 years
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[4, 8, 9]; however, it never affects the same
shoulder more than once [4]. It can be divided
into primary (idiopathic) and secondary AC,
with the latter developing after stiffness and
immobility caused by a previous shoulder
trauma or surgery [10]. Other causes may be
calcific tendinopathy of the rotator cuff ten-
dons during the painful resorptive phase
described by Uhthoff [11], or a systemic dys-
metabolic, endocrinological, rheumatological,
immunological, neurological, cardiac disorder,
cancer, and sometimes Dupuytren’s disease
[4, 9].

Only a few published papers have reliably
and accurately described the ultrasound (US)
features of AC, and the European Society of
Musculoskeletal Radiology does not currently
recommend its diagnostic use [12]. The diag-
nosis of AC is clinical, and based on the
patient’s history and a physical examination.
However, although imaging studies are not
diagnostically necessary, they may help to
exclude other causes of the symptoms [13].

The aim of this study was to identify and
describe the typical US signs of AC in a group of
patients affected by shoulder pain and stiffness.

METHODS

Patients

Between April 2015 and May 2020, 1486 con-
secutive adult patients with shoulder pain and
stiffness were examined by a specialist with
30 years of experience of musculoskeletal US to
identify and evaluate the US features of AC.
During the last 18 months of this period (from
February 2019 to May 2020), he was joined by a
second operator with 15 years of experience,
and so 502 of the 1486 patients (about one-
third) were examined by both, thus allowing an
evaluation of the inter-rater reliability of the
findings. The study period also included Italy’s
COVID-19 lockdown from March to May 2020.

The exclusion criteria were (1) the presence
of bilateral shoulder symptoms suggesting AC;
(2) signs suggesting degenerative alterations of
the shoulder (e.g. due to osteoarthritis); (3) the
US detection of a lesion of the long head of the

biceps tendon (LHBT) pulley that may limit
ROM in external rotation; and (4) the US
detection of an hourglass lesion of the LHBT
[14, 15].

Fifty healthy volunteers (25 women and 25
men) with a mean age of 44.6 ± 13.2 years
(34–69) were enrolled as a control group.

The study was approved by the Medical
Research Ethics Committee of our institution
(Comitato Etico Milano Area 2, approval no.
1080_2021bis), and informed consent was
obtained from all of the patients. All of the
study procedures were carried out in accordance
with the ethical standards of our institution
and/or the National Research Council, and the
1964 Declaration of Helsinki and its later
amendments. In accordance with the current
Italian legislation concerning privacy, all of the
patients were guaranteed that their privacy
would be protected and that their personal data
would be properly used.

US Scanning Technique

The patients’ medical history was recorded to
identify possible predisposing conditions, after
which the patients underwent a preliminary
clinical examination to evaluate any functional
limitations in active and passive motion. They
subsequently also underwent a US examination
carried out using a Philips HD 15 with a 12-MHz
multifrequency linear transducer and a GE EQ9
with a 6–15-MHz matrix linear probe in grey-
scale: gain and focus were adjusted to suit the
different locations being scanned. A power
Doppler signal was sought at a frequency of
7.5 MHz and a pulse repetition frequency of
0.8 kHz. The images were acquired and read at
the same time. Dynamic flexion excursion (FE),
adduction/internal rotation (IR) and external
rotation (ER) were also assessed, the last of these
to check the regular displacement of the sub-
scapularis tendon insertion by at least 90� [16].

The rotator cuff tendons, subacromial-sub-
deltoid bursa (SAB), and the LHBT were care-
fully examined (focusing on signs of effusion
within the tendon sheath, ELHBT), as well as
the pulley ligaments (the coracohumeral liga-
ment [CHL] and the superior glenohumeral
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ligament [SGHL]). The maximum thicknesses of
the CHL and SGHL were compared with those
in the unaffected contralateral shoulder, and
axial measurements were made at the level of
the pulley with the LHBT in short-axis view.
The scanning position was adjusted to avoid
anisotropic artefacts, and the probe was kept in
the orthogonal scanning plane. The pulley
ligaments were considered to be thickened if
they were 60% thicker than those in the con-
tralateral shoulder. The surface profile of the
rotator interval, which normally has a concave
contour, was also studied.

The axillary pouch (AP) was examined by
means of oblique axial and coronal scans
(Fig. 1a, b) following the humeral profile, which
includes the anatomical neck and humeral
head. The AP is the inferior part of the gleno-
humeral capsule located between the anterior
and posterior bands of the inferior gleno-
humeral ligament (IGHL) [4] (Fig. 2). The pres-
ence of AP thickening was carefully investigated
using the axillary approach and its maximum
thickness was measured with the arm abducted
70�–90� in neutral rotation. It was considered
thickened if it was more than 4 mm thick (the
cut-off value reported in the current scientific
literature) [6, 17, 18]; if it was less than 4 mm
thick, thickening was defined as more than 60%
of the thickness in the unaffected contralateral

shoulder. Maximum AP thickness was measured
in transversal and coronal scans. The axillary
approach also allowed the exclusion of skeletal
deformities of the humeral head due to
osteoarthritis, which may be responsible for
limited ROM in external and internal rotation.
The presence of joint effusion was also investi-
gated by studying the AP in slight abduction
(30–40�).

Finally, a dynamic examination was used to
assess the sliding of the infraspinatus tendon
over the articular capsule during passive exter-
nal rotation (PER) controlled from behind the
patient. The infraspinatus tendon was studied
by following its long axis using a posterior
scapular approach to identify any altered back-
sliding [19]; the PER was carried out firmly to
ensure that any alteration could be identified.

The results are described using the 2020
European League Against Rheumatism (EULAR)
recommendations for reporting ultrasound
studies in rheumatic and musculoskeletal dis-
eases [20].

Clinical Confirmation of a US Diagnosis
of Adhesive Capsulitis

After US imaging, all of the patients with sus-
pected AC were examined by a specialist

Fig. 1 Normal axillary pouch in oblique axial (a) and coronal scans (b). HH humeral head, P axillary pouch, IGHL inferior
glenohumeral ligament, SN surgical neck
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orthopedic consultant to make a definite diag-
nosis. The consultant, who was aware of the US
findings, recorded each patient’s history of
shoulder pain and stiffness and carried out a
physical examination to investigate active and
passive ROM, particularly in external but also in
internal rotation, and compared the findings
with those relating to the contralateral shoul-
der. According to the recent clinical practice
guidelines issued by the Orthopedic Section of
the American Physical Therapy Association, AC
can be diagnosed in the presence of a greater
than 25% loss of passive ROM in at least two
planes combined with a 50% loss of passive
external/internal rotation [21]. If the clinical
evaluation suggested AC, no other investiga-
tions were made, and the diagnosis of AC was
considered confirmed; the patients with an
uncertain diagnosis were referred for a magnetic
resonance imaging (MRI) examination.

Statistical Analysis

The Kolmogorov–Smirnov test was used to
assess the normality of data distribution. The
diagnostic accuracy of the US features was cal-
culated on the basis of the sensitivity and
specificity of the test in comparison with the

current clinical criteria for AC. The
Mann–Whitney test was used to compare
quantitative parameters, and the intraclass cor-
relation coefficient (ICC) was calculated to
evaluate inter-rater reliability. The agreement of
categorical data was assessed using Cohen’s
kappa coefficient. According to Cicchetti [22],
ICC and Cohen’s kappa values of greater than
0.75 are associated with excellent inter-rater
agreement. The analyses were made using R
statistical software, version 3.5.0, with p values
of 0.05 or less being considered statistically
significant.

RESULTS

Patients’ Characteristics

Of the 1486 patients who were brought to our
attention because of shoulder pain, 106 (7.2%)
presented with clinical and instrumental evi-
dence of AC: 71 women and 35 men with a
mean age of 55.6 ± 15.3 years (28–67). These
106 patients underwent an orthopedic evalua-
tion to exclude other disorders, and the 30 with
an uncertain diagnosis also underwent supple-
mentary instrumental investigations (X-ray
and/or MRI) to exclude alternative disorders

Fig. 2 a Schematic drawing of the sagittal section of the
axillary pouch (AP) and glenohumeral ligaments.
b Coronal view of the axillary pouch in slight abduction

and neutral rotation. A-C acromioclavicular, IGHL infe-
rior glenohumeral ligament, SAB subacromial
bursa, SGHL superior glenohumeral ligament
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that may have been responsible for their
shoulder stiffness, pain, and reduced ROM.
After the clinical and instrumental evaluations
71 patients were diagnosed as having primary
AC (67%), and 35 (33%) as having secondary AC
due to concomitant predisposing conditions: 19
with rotator cuff calcific tendinopathy in
Uhthoff’s resorptive phase [11]; seven with
diabetes mellitus; two with thyroid diseases;
two with dyslipidemia; one with Dupuytren’s
disease; and four who had been recently
immobilised.

The pre-COVID-19 prevalence of AC was
2–5% [4] but during Italy’s lockdown of
March–May 2020, this dramatically increased to
43% of the subjects examined for shoulder
impairment (13/30).

Shoulder ROM

Shoulder ROM was assessed during the course of
dynamic US imaging, which revealed that the
patients with AC had an active ROM that was as
limited as or only slightly different from their
passive ROM: 91% had limited FE; 98% limited
IR; and 100% limited ER, defined as the altered
displacement of the subscapularis tendon
insertion with an ER excursion of less than
60–70�.

US Findings in Patients with AC

Study of the anatomical structures of the
shoulder showed SAB thickening (more than
1.8 mm) in 12 of the 106 patients (11%); mean
thickness 2.1 ± 0.21 mm (1.9–2.5) (Table 1). AP
thickening of greater than 4 mm (mean
5.3 ± 1.15 mm, 4–9) (Fig. 3) was detected in 99
patients (sensitivity 93.4% and specificity 98%)
in comparison with the controls (p\ 0.0001)
and also in comparison with the AP of the
contralateral shoulder, which had similar
thickness values to those of the controls (mean
1.9 ± 0.20 mm, 1.5–2.5; p\ 0.0001). Seven
patients (6.6%) showed AP thickening of less
than 4 mm (mean 3.7 ± 0.16 mm, 3.4–3.9) but,
in all cases, there was a significant, more than
60% difference from the thickness of the con-
tralateral AP (p\ 0.05) (Fig. 4). The sensitivity

and specificity of the AP thickness were 100%
and 98% respectively and the diagnostic accu-
racy was 98%. Fourteen patients (13%) showed
thin anechoic joint effusion in the AP due to
the entrapment of small amounts of fluid as a
result of capsular contracture (Fig. 3). No power
Doppler US signal was detected in the AP of any
of the patients with AC.

Twenty-three of the 1380 patients without
AC presented with AP thickening of greater
than 4 mm on both the affected and contralat-
eral side. This was interpreted as a pathological
finding not due to AC.

Mean AP thickness in the control group was
1.7 ± 0.7 mm (range 1.1–2.9), which was sig-
nificantly different from that of the patients
with AC with an AP thickening of greater than
4 mm (p\0.0001) and those with an AP
thickening of less than 4 mm (p\0.05).

Seventy-five of the patients with AC (71%)
showed ELHBT. Pulley thickening (CHL and/or
SGHL) in comparison with the contralateral
shoulder was detected in 93 patients (88%):
mean thickness 2.3 ± 0.25 mm (1.6–2.7) vs
1 ± 0.11 mm (0.8–1.2); p\0.0001. This sign
had a sensitivity of 88%, a specificity of 52%
and a diagnostic accuracy of 54.6%. The pulley
was more than 60% thicker than that of the
contralateral shoulder in all cases. Of the 93
patients with CHL or SGHL thickening, US
showed that the normally concave rotator
interval had a rounded and convex profile
(Fig. 5) in 38, and a ‘‘pseudo-double’’ tendon
appearance of the LHBT in the transverse sec-
tion of the pulley in 43 (Fig. 6). The smaller false
tendon was the CHL if it was lateral to the
LHBT, and the SGHL if it was medial.

The rotator cuff tendons appeared to be
normal in 92 patients (87%), were affected by
minor alterations (mild tendinopathy) in ten
(9.4%), and showed a full thickness
supraspinatus tendon tear in only four cases
(3.7%): two Snyder type I and two Snyder type II
lesions. The LHBT showed no intra-articular
thickening [14, 15]. Dynamic visualisation of
the infraspinatus tendon sliding backwards
during a firm PER controlled by the specialist
showed a characteristic change in shape from a
flat to a concave profile: this sliding leads to the
folding of the tendon internally towards the
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joint capsule (the tendon runs strictly adjacent
to the capsule), and may be minimal or more
pronounced (Figs. 7, 8). This feature was found
in 77/106 (72.6% sensitivity, 100% specificity
and 98% of diagnostic accuracy) but was only
seen on the affected side and never on the
contralateral side. In the seven patients with AP
thickening of less than 4 mm but more than
60% of that on the contralateral side, the char-
acteristic change from a flat to a concave profile
of the infraspinatus tendon was seen during a
firm PER of the shoulder. Furthermore, 44
patients with evident folding of the infraspina-
tus tendon during PER (44/106, i.e. 41.5% of the
total population with AC and 44/77, i.e. 57% of
patients with AC with evident folding of the
infraspinatus tendon during PER) showed
another distinctive feature that we called the
bounce sign (sensitivity 41.5%, specificity

100%, diagnostic accuracy 95.8%). This is a
sometimes slight, rapid and fleeting jolting of
the infraspinatus tendon as it folds toward the
articular capsule during ER that quickly returns
to baseline resting position, something like a
plucked guitar string (Video 1). Video 1: Fifty-seven
percent of the patients with AC whose infraspinatus ten-
don folded during PER showed another distinctive feature
that we called the bounce sign: a sometimes slight, rapid
and fleeting jolting of the infraspinatus tendon as it folds
towards the articular capsule during ER that quickly
returns to its baseline resting position—something like the
movement of a plucked guitar string (MP4 1406 KB)

Intraclass Correlation Coefficient (ICC)

The ICC of the inter-rater agreement of AP
measurements in 42 patients with AC was 0.998
(p\ 0.0001), which indicates an excellent level

Table 1 Ultrasound study of anatomical structures of shoulder in adhesive capsulitis

Cases (%) Sn
(%)

Sp
(%)

Accuracy
(%)

Median thickness
in mm (IQR) in AC
group vs control
group

Median thickness
in mm (IQR) in affected
shoulder vs
contralateral side

SAB thickening 12/106 (11.3) – – – – –

AP thickening 106/106 (100) 100 98 98.2

[ 4 mm 99/106 (93.4) 93.4 98 98 5.1 (4.4–5.8) vs

1.8 (1.5–1.9)*

5.1 (4.4–5.8) vs

2 (1.8–2.1)*

\ 4 mm but[ 60%

vs contralateral side

7/106 (0.7) 6.6 98 98 3.7 (3.6–3.8) vs

1.8 (1.5–1.9)§
3.7 (3.6–3.8) vs

2 (2–2.2)§

AP anechoic

effusion

14/106 (13.2) – – – – –

ELHBT 75/106 (70.7) – – – – –

CHL/SGHL thickening 93/106 (87.7) 88 52 54.6 2.3 (2.1–2.4) vs

1 (1–1.1)*

Folding of IS

tendon after PER

77/106 (72.6) 72.6 100 98 – –

Bounce sign 44/106 (41.5) 41.5 100 95.8 – –

AC adhesive capsulitis, AP axillary pouch, CHL coracohumeral ligament, ELHBT effusion of the long head of the biceps
tendon, IQR interquartile range, IS infraspinatus, PER passive external rotation, SAB subacromial-subdeltoid bursa, SGHL
superior glenohumeral ligament, Sn sensitivity, Sp specificity
*p\ 0.0001, §p\ 0.05
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of agreement and therefore good inter-rater
reliability. Cohen’s kappa for the qualitative
measurement of the sliding of the infraspinatus
tendon over the joint capsule during PER was
0.85, which also represents an excellent level of
inter-rater agreement.

DISCUSSION

AC is currently clinically diagnosed on the basis
of the patient’s history and a physical exami-
nation: although not required, imaging is con-
sidered a useful means of excluding other causes
of shoulder stiffness and pain [13]. However, a
diagnosis of AC can be made simply on the basis
of some typical US imaging features. The bene-
fits of US in evaluation of shoulder problems are
well known in scientific literature [23, 24].
There are only a few reports in the literature

that reliably describe the specific US signs
characterising AC [4, 6, 18], and so the Euro-
pean Society of Musculoskeletal Radiology does
not recommend the diagnostic use of US in
such cases [12].

About one-third of our patients presented
with a positive history of triggering causes or
predisposing factors such as calcific tendinopa-
thy of the rotator cuff, diabetes mellitus, limb
immobilisation, thyroid diseases, dyslipidemia,
or Dupuytren’s disease.

Calcific tendinopathy of the rotator cuff in
the phase of painful resorption (Uhthoff’s
phase 3) [11] is characterised by the presence of
non-solid calcifications that can penetrate the
articular space, and often induce an acute
reactive inflammatory response (chemical
arthritis) and later AC. In our opinion, many of
the so-called idiopathic cases of AC are actually
secondary to this pathological condition that

Fig. 3 a Oblique axial section: red arrows show the
thickness of the axillary pouch in a patient with AC (AP
thickening between the calipers). b Coronal section: red
arrows show the thickness of the AP in another patient

with AC. The dashed blue arrows indicate a small amount
of joint effusion entrapped in the AP. HH humeral head,
SN surgical neck
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Fig. 4 Axillary pouch thickening was less than 4 mm
(yellow arrows) in a small percentage of patients, but there

was a significant, greater than 60% difference from the
thickness of the contralateral axillary pouch

Fig. 5 Axial section of the normally concave rotator
interval showing conspicuous coracohumeral ligament
thickening (red double arrow) with a rounded and convex

profile (yellow dotted arrows). LHBT long head of the
biceps tendon
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may not have been previously diagnosed
because it may be asymptomatic or only mildly
symptomatic.

Our data indicate that AC is not rare but has
a prevalence of 7.1%. Published reports [16, 18]
describe a characteristic discrepancy between
the clinical presentation of severe pain and
functional limitation and the very poor findings
of a standard US study of the shoulder. The
symptoms, together with US findings of thick-
ening of the AP and pulley ligaments [25] and
the abnormal sliding of the infraspinatus ten-
don revealed by dynamic US imaging during
PER [19], are fundamental for a correct diagno-
sis [4, 18]. Maximum AP thickness is easily
measured by means of US imaging, and may be
caused by thickening of the anterior or posterior
bundle of the IGHL or full AP thickening
between the bundles caused by synovial
inflammation [18]. In patients with AC, it is
easier to use transversal scans because of the
limited abduction of the arm but, in our

experience, coronal AP scanning is also usually
feasible even if it is more difficult.

ELHBT has frequently been described as an
indirect and aspecific sign of AC due to capsular
shrinkage [25], and was detected in 71% of our
cases. Also CHL or SGHL thickening is often
reported to be the only sign of AC [4, 13, 25],
but is not specific as it is frequently associated
with other conditions such as overuse syn-
drome, trauma, etc. An MRI study of patients
with AC first reported the finding of AP thick-
ening in 1995 [17], but only a few subsequent
studies have confirmed this [4, 16, 26, 27].
However, since the US imaging study by
Michelin et al. [18], there has been greater
recognition of the importance of US imaging
assessments of the AP in the diagnosis of AC
[4, 6, 19]. In 2004 [28], we started a preliminary
study of the features of the AP in patients with
AC using early-generation US equipment and
poor-definition 7.5-MHz probes that identified
an apparent distension of the recess that was
initially misinterpreted as hypoechoic joint

Fig. 6 Axial section of the rotator interval of a right
shoulder in a patient with AC. Coracohumeral ligament
(CHL) thickness with a ‘‘pseudo-double’’ tendon appear-
ance due to the smaller false tendon, which is the CHL

lateral to the LHBT. CHL coracohumeral ligament, GT
greater tuberosity, LHBT long head of the biceps tendon,
LT lesser tubercle
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effusion. However, subsequent use of more
modern musculoskeletal US equipment and
probes made it clear that the hypoechoic image
was a sign of the thickening of the articular

capsule [29]. The present study used the latest-
generation US equipment and found a thin
capsular effusion in 13% of our patients with
AC that was due to the entrapment of very

Fig. 7 Dynamic study of the infraspinatus tendon (white
arrows) sliding backwards during passive external rotation
governed by the US specialist (T1–T2). Note the
characteristic change in the tendon from a flat to a

concave profile (white arrowhead). The sliding of the
tendon folds it towards the joint capsule because they are
closely contiguous. HH humeral head

Fig. 8 The folding may be minimal or more pronounced and was found only on the affected side and never on the
contralateral side
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small amounts of fluid as a result of capsular
contraction.

The typical folding of the infraspinatus ten-
don when it slides backwards during PER, as
well as the bounce sign in some patients when it
returns to its initial position, is caused by the
close relationship between the infraspinatus
tendon and the glenohumeral joint capsule.
The ‘‘downward dragging’’ of the tendon during
PER is probably caused by adhesions between
the tendon and the capsule in full-blown dis-
ease. The posterior part of the joint capsule is
also often affected by capsular contracture, but
to a lesser extent than the anterior and inferior
parts. The bounce sign further reveals that the
fibrous branches enveloping the deep portion of
the infraspinatus tendon that is in contact with
the joint capsule block the tendon and hinder
its sliding backward after PER. In some patients,
the tendon’s final sliding movement releases
the adhesions and leads to its bouncing return
to a normal position.

During the COVID-19 lockdown in Italy
(February to May 2020), there was an increase in
the proportion of cases of AC as 13 of the 30
patients (43%) presented with shoulder pain
during this period. Although this may have
been a selection bias due to referrals to a
shoulder US specialist by other physicians or
physiotherapists, it is an interesting epidemio-
logical finding because, in addition to seasonal
factors, it was probably due to inactivity during
the lockdown being followed by a return to
work that may have favoured the onset of the
disease.

Most patients with AC experience resolution
with non-surgical treatment, and only a small
percentage of patients eventually require surgi-
cal treatment [30]. Physical therapy is the pillar
of AC treatment, regardless of the disease stage.
However, early treatment of AC is warranted to
accelerate recovery [31]. Both oral non-steroidal
anti-inflammatory drugs (NSAIDs) and intra-ar-
ticular corticosteroid injections are effective in
the treatment of AC [32]. Intra-articular corti-
costeroid injections provided benefit lasting up
to 12 weeks, but not in the long term [33].
Another option is ultrasonography-guided
hydrodistension, which was demonstrated to
decrease pain with an effect lasting up to

4 months [34]. However, when non-surgical
management fails within 12 months, surgical
intervention is indicated. Manipulation under
anaesthesia alone or in addition to arthroscopic
capsular release (limited or circumferential) can
be performed. However, this procedure requires
expertise because of its potential complications
[35, 36].

AC prevention is possible only in the sec-
ondary forms due to orthopedic surgery and
shoulder trauma by early mobilizing the limb,
when possible. Follow-up by dynamic US may
be useful to monitor the improvement of the
ROM after treatment.

STUDY LIMITATIONS

One limitation is that the study did not include
multiparametric assessments of AC (using a
power Doppler US evaluation of the rotator
interval as well as elastography and contrast-
enhanced ultrasound, CEUS) that may have
contributed more information about the disor-
der. Another is that the exclusion criteria were
based on physical examination and US imaging
findings, and may not have correctly identified
borderline cases such as Neviaser’s stage IV res-
olution phase [37] or patients with mild
symptoms.

CONCLUSIONS

US imaging of the shoulder is a rapid, inex-
pensive and non-invasive technique that allows
the comparative study of both shoulders. If
carried out by an adequately experienced spe-
cialist, it can detect the typical features of AC
described in this paper (AP thickening, the
typical folding of the infraspinatus tendon
during PER, and thickening of the pulley) and
can therefore be used to confirm a clinical
diagnosis.
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