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Abstract

Purpose Adhesive Capsulitis (AC) is a musculoskeletal disorder initially described by Codman in 1934. The disease is
characterized by pain-limited restriction in active and passive glenohumeral range of motion (ROM) despite the lack of
a structural deficit. In the last decades, arthroscopy and magnetic resonance imaging (MRI) has been the only diagnostic
tools able to highlight the characteristic alterations of the glenohumeral capsular-ligament apparatus in AC; nevertheless,
both arthroscopy and MRI are burdened by intrinsic limitations. The aim of this narrative review is to summarize the most
significant evidence supporting the use of ultrasound (US) for the diagnosis of AC.

Methods We extensively searched via PubMed library the terms “frozen-shoulder” and “adhesive capsulitis” each combined
with “ultrasound”.

Results We found 3723 papers on PubMed and selected those inherent to AC diagnosis, US imaging, correlation with
arthroscopic and MRI findings. Forty papers which were strictly related to the topic of this narrative review were initially
chosen, then 20 studies which described and exploited US for AC diagnosis were finally included.

Coracohumeral ligament (2.65 +0.4 mm) and axillary pouch thickening (3.34 +0.8 mm), as well as an increase in vascularity
at rotator interval (78/214, 36.44%), represented the commonest US signs useful for AC diagnosis and for which the most
significant cut-off values were reported.

Conclusions The evidence collected in this review testify that musculoskeletal US is as reliable as MRI for AC diagnosis,
therefore we believe that in this context US should be considered a first-line imaging technique.

Keywords Ultrasound - Frozen shoulder - Adhesive capsulitis - Painful shoulder

Introduction term AC in 1945. AC mainly affects women between 40 and
60 years and it is characterized by both passive and active

Adhesive capsulitis (AC) was initially described by Cod-  ROM limitation in the absence of an intrinsic shoulder dis-

man [1] in 1934 as a painful reduction of shoulder range of
motion (ROM). Subsequently, Neviaser [2] defined it as a
pain-limited restriction in active and passive glenohumeral
ROM despite the lack of a structural deficit, introducing the
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ease: external rotation is predominantly involved but inter-
nal rotation [3], as well as arm flection/abduction, may be
affected too. For many years the diagnosis has been clinical
and exclusionary, indeed other diseases may cause a reduc-
tion of ROM like bone neoplasms and shoulder osteoarthri-
tis. Nevertheless, in the last decades, the use of arthroscopy
and implementation of magnetic resonance imaging (MRI)
allowed highlighting characteristic alterations of the gleno-
humeral capsular-ligament apparatus such as thickening of
the coracohumeral ligament (CHL), thickening of the axil-
lary pouch (AP), obliteration of the fat triangle at the rotator
interval (RI) and capsular contrast-enhanced inflammatory
alterations [4]. However, arthroscopy and MRI are examina-
tions burdened by intrinsic limitations: the former is an inva-
sive technique that may expose the patients to complications,
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and the latter is a time-consuming investigation carrying
high management costs. Technological advances in the ultra-
sound (US) field allow accurate visualization of structures
that were considered not appreciable until a few years ago
by the US. Therefore, AC study by musculoskeletal echog-
raphy, allowing a dynamic and non-invasive investigation
of the affected joint, represents today a valid alternative to
MRI and arthroscopy. This narrative review will aim to sum-
marize the papers that best describe US features useful for
AC diagnosis.

Epidemiology of AC

The disease could be divided into primary or idiopathic and
secondary [5]: the latter is mainly caused by forced immo-
bilization due to trauma or previous surgery [6] but other
pathological conditions are deemed to play a paramount role
in AC pathogenesis: indeed among secondary causes of AC
are listed the calcific tendinopathy of the rotator cuff tendons
(during the painful resorptive phase as described by Uhthoff
[7]), diabetes [8], thyroid [8], rheumatological, neurological,
cardiac [8], cancer, and Dupuytren’s diseases [8]. The preva-
lence of AC is reported to be between 2 and 7%, reaching its
highest prevalence in the diabetic population [9] and female
subjects during the peri-menopausal stage [10]. Usually is
a self-limiting disorder affecting the non-dominant shoulder
which spontaneously subsides after 2 years from the onset,
but often it can involve the contralateral joint producing a
severe quality of life impairment.

Physiopathology

Early stages of AC are characterized by severe inflamma-
tion starting at RI and subsequently extending to other
sites such as the anterior glenohumeral joint, AP, and the
posterior portion of the glenohumeral joint. As the disease
progresses, the inflammatory alterations are replaced by

Table 1 Correlation between Adhesive Capsulitis stages and symp-
toms (according to Neviaser [2])

Stage Symptoms

1 Pre-freezing Pain and limited ROM (0-3 months)

2 Freezing Frankly limited ROM and pain (3-9 months)
3 Frozen Severe ROM limitation, little pain (9—15 months)
4 Thawing Gradually improvement in ROM, scarce pain

(15-24 months)
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fibrotic changes. At the cellular level myofibroblasts appear
as the main cytological characters involved in the process
[8, 9]. The disease has been divided into 4 clinical phases
[2—4] (Table 1) which highly correlate with arthroscopic
findings and histopathological specimens. Several studies
investigated the role of cytokine in favouring inflammation
and progression to fibrosis, while others correlated clinical
stages with imaging findings.

Anatomy

Rotator interval region, long head of biceps tendon (LHBT),
axillary pouch (AP), and posterior joint capsule (PJC)

The RI region is superiorly and laterally delimitated by the
inferior margin of the supraspinatus (SST) tendon, inferi-
orly and medially by the upper margin of the subscapularis
(SUBT) tendon, medially by the coracoid process, laterally
by the intersection of the coracohumeral (CHL) and superior
glenohumeral ligament (SGHL) at LHBT, that contribute
to form its pulley and prevent it from sliding medially. The

SN

SGHL

PULLEY AXIAL SECTION

Fig. 1 Right humerus. GT great tuberosity; LT lesser tuberosity; CHL
coracohumeral ligament; SGHL superior glenohumeral ligament;
LHBT long head biceps tendon; SN surgical neck. In the small box,
pulley axial section of RI. SST supraspinatus tendon; SUBT subscapu-
laris tendon; BT biceps tendon
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coracohumeral ligament (CHL) originates from the coracoid
process and goes laterally inserting into the greater humeral
tubercle and to the lesser one, enveloping LHBT and help-
ing to form its pulley (along with SST and SUBT tendon
aponeurosis) (Fig. 1). Moreover, CHL goes to the anterior
margin of SST tendon forming the lateral pulley complex.
This part is recalled as the anterior pillar of the rotator cable
which represents the most important anchorage and stress
dispersion system for the SST tendon at the humeral head
[11, 12]. The tension of CHL is an important determinant
of shoulder mobility, particularly in external rotation and
abduction. The humeral greater tuberosity and the lesser
tuberosity are bone protrusions delimiting the bicipital
groove. However, the groove extends cranially to the protru-
sions, just below the surgical neck, where the LHBT leaves
an impression on the bone (Fig. 2). The proximal part of the
bicipital groove is normally visible at US investigation; the
CHL inserts on the upper edge of the great tuberosity, on its
prominence (transversely) and on the superior crest of the
lesser tuberosity, as described in the classical anatomical
literature. Thus, CHL and LHBT are strictly paired when
investigated by the US, displaying a specific pattern. Finally,
the AP represents the inferior part of the glenohumeral cap-
sule (Fig. 3), and it’s placed between the anterior and pos-
terior bands of the inferior glenohumeral ligament (IGHL)
[4]. Usually, the AP displays a thin wall thickness, generally
not higher than 3 mm [13]. The PJC is located below the

SN

Fig.2 Left humeral head: the bicipital groove (white arrows and
dashed white line) begins just below the surgical neck (SN, green
arrows)

A-C joint

supraspinatus

Axillary
pouch

Fig.3 Coronal view of the axillary pouch in neutral rotation and
slight abduction. SAB subacromial bursa; A-C acromioclavicular joint

infraspinatus tendon (IST) and expands during the external
rotation of the arm when the joint effusion is present; con-
versely, in the case of AC, it contracts.

Materials and methods

We extensively searched on PubMed library the terms “fro-
zen shoulder” and “adhesive capsulitis” each combined
with “ultrasound”. Were considered only papers written in
English and published in impacted journals. Abstracts were
excluded from being considered for this review.

Results

We found 3723 papers on PubMed, we selected those
inherent to AC diagnosis, US imaging, correlation with
arthroscopic and MRI findings as well clinical presenta-
tion. Of these, we selected 40 papers that were strictly
related to the topic of this review and finally selected 20
studies that described and exploited the US for AC diag-
nosis. Tables 2 and 3 summarize the US signs and their
cut-off values useful for AC diagnosis.

@ Springer
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Linear

et al.

2021
[34]

n.a. not assessed; CHL coracohumeral ligament; LHBT long head biceps tendon; SST supraspinatus; ISP infraspinatus; PD power doppler; CEUS contrast enhanced ultrasonography; SGHL

superior glenohumeral ligament; SGLS subacromial gliding limitation of supraspinatus tendon; SE sensitivity; SP specificity

4Cut-off value; Retrosp: retrospective; Prosp.:prospective

Grey scale US changes

Lee et al. 2005 [14] were the first to document hypoecho-
genic changes as well as an increase of Power Doppler
ultrasound (PD-US) at RI in 26 AC patients. In 2017,
Cheng et al. [15] highlighted in their case—control study
RI hypoechogenicity in 32 out of 45 patients and LHBT
effusion in 25 individuals diagnosed with AC. The same
year Tandon et al. [16] documented hypoechoic changes
suggestive of synovitis at RI in patients with AC reporting
a sensitivity of 86.2% and a specificity of 92.8%. Subse-
quently, Kim et al. [17] in 2019 found RI hypoechogenicity
in 26 patients with AC reporting a sensitivity of 66.67%
(49.8-80.9) and a specificity of 94.29% (80.8-99.3).

CHL and other ligaments thickening

A characteristic thickening of the CHL (Fig. 4), that lay
among the first US signs described in AC, is reported by
several studies. Homsi et al. in 2006 [18] in a case—con-
trol study compared the average thickness of CHL in 15
AC patients with asymptomatic (92) and painful (227)
shoulders reporting a higher thickness of the ligament in
patients affected by the disease (3 mm vs 1.34 mm and
1.39 mm respectively). Nevertheless, they did not provide
any cut-off value. Cheng X. et al. [15] in 2017 evaluated
45 patients with AC and confirmed the usefulness of CHL
thickening evaluation, as well as AP, in AC patients com-
pared to controls (CHL: 3.1 mm + 0,67 vs 1.4 +£0.55). The
same year Tandon A. et al. [16] in a case—control study,
evaluated CHL thickness in 30 AC patients proposing their
cut-off value measured at the coracoid insertion of the
ligament (0,7 mm; sensitivity 93.1% specificity 94.4%);
furthermore, they reported hypoechoic changes sugges-
tive for synovitis at RI in 86% and hypervascular PD-US
signal in 10% of the patients. Combining all these param-
eters the authors reported an overall sensitivity of 87% and
specificity of 100% of US in diagnosing AC. Park et al.
[19] studied with the US the CHL, IGHL, and RI thick-
ness in a group of patients diagnosed with primary AC
using MRI and arthrography as reference. CHL and IGHL
thickness was reported as significantly higher in affected
shoulders, moreover, they documented a negative correla-
tion between shoulder external rotation and ligamentous
apparatus thickening. Subsequently, Kim et al. [17] docu-
mented a higher CHL thickness in AC patients compared
to healthy controls (p <0.01) reporting a sensitivity of
51% and a specificity of 91% with an area under the curve
(AUC) of 0.82. Wu et al. [20] evaluating a cohort of 65
patients demonstrated that CHL thickness was strictly cor-
related with disease duration as well as negatively related
to external and internal rotation. Another group of study
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Fig.4 Left shoulder: axial section of the RI showing conspicu-
ous coracohumeral ligament biceps tendon thickening (with double
arrow). LHBT long head of the biceps tendon

-5
PAR

-4, 0em “5.0 12,0

+ Lungh.
X Lungh.

[21] retrospectively evaluated AC with the US correlating
CHL, AP, and RI thickness as well as PD signal with dis-
ease duration and ROM limitation reporting a wider cap-
sule-ligamentous apparatus in affected joints; furthermore,
they described a thicker CHL in stage II vs stage I AC and
a wider RI in stage II compared to stage III proposing their
optimal cut-off values (2.2 mm; sensitivity 77%; specific-
ity 91.8%). Stella et al. [13] in a cross-sectional study of
106 patients with clinically suspected AC confirmed CHL
and SGHL thickening as useful parameters in AC diagno-
sis. Moreover, pulley thickening (CHL and/or SGHL) in
comparison with the contralateral shoulder was detected in
93 out of 106 shoulders in AC diagnosed patients (88%).
The mean of CHL thickening derived from the studies
presented in this review is 2.65+0.4 mm [13, 15, 17, 21].

4,0cm

0,210 cm
0,425 cm

Fig.5 Oblique axial section: calipers shows the thickness of the axillary pouch in a patient with AC; the lest image is the contralateral side. HH

humeral head

@ Springer
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Fig.6 Coronal section: the calipers show the thickness of the AP in patient with AC. HH, humeral head, SN, surgical neck

Axillary pouch thickening

Since Michelin et al. in 2012 [22] firstly investigated the
inferior glenohumeral capsule thickening by studying AP/
IGHL width in 20 patients with AC, and describing a sig-
nificant widening of the AP and/or IGHL in contracted
joints (4 mm), many papers documented the importance
of evaluating AP in suspected AC [25, 26, 29] (Figs. 5, 6).
Similar results are reported by Kim [23] who confirmed in
a larger study the thickening of the AP in a larger cohort.
Subsequently, Sernik et al. [24] documented a good cor-
relation between AP thickening via the US (when higher
than 2 mm) with MRI findings in 23 patients diagnosed
with AC. Do et al. in 2021 [21] too, studying AP thick-
ening, provided highly sensitive cut-off values useful for
diagnosis. Meanwhile, Lee et al. [25], investigating the
inferior joint capsule thickness in 71 patients with AC,
documented that an AP of 3.2 mm thickness (with the arm
held in a neutral position) had the highest diagnostic accu-
racy with a sensitivity of 73.2% and specificity of 77.5%.
In this regard, Stella et al. [13] confirmed the importance
of evaluating the AP thickening in patients with AC: an
AP larger than 4 mm (mean 5.3 +1.15 mm) was detected
in 99 patients (sensitivity 93.4% and specificity 98%) in
comparison with the controls and with the contralateral
shoulder (p <0.0001); moreover, a difference in thickness
higher than 60% was diagnostic for AC. Indeed, in this
paper it is mentioned that in a previous preliminary study,
using early-generation US equipment and poor-definition
probes (7.5 MHz), there was the first identification of the

@ Springer

AP abnormality, initially interpreted as a liquid (hypo-
echoic) distension of the axillary recess; the subsequent
use of modern musculoskeletal US equipment revealed
(2012) the hypoechoic “distension” as being the thicken-
ing of the AP. The mean AP thickening obtained from the
studies presented in this review is 3.34 + 0.8 mm [13, 15,
17, 21].

LHBT sheath alterations

Lee et al. in 2005 [14] studying the RI of 30 patients with
frozen shoulder documented increased hypoechogenicity
and soft tissue invasion of RI as well as of LHBT sheath
in presence of augmented vascularity at PD-US, suggestive
of inflammatory alterations (synovitis). Albeit other papers
documented the increased hypoechogenicity of LHBT, sen-
sitivities, and specificities are not reported [13, 14, 20, 21,
26, 27]. Stella et al.[13] described the effusion of LBHT in
75 out of 106 patients with AC, moreover, they reported in
43/106 patients a thickening of the CHL that may produce,
in a transverse US section of the pulley, a ‘‘pseudo-double
tendon’’ appearance with the adjacent LHBT [13, 28].

Supraspinatus and infraspinatus alterations
Ryu et al. [27] in 1993 suggested the usefulness of

dynamic ultrasonography to detect AC by studying sub-
acromial gliding limitation of the supraspinatus tendon
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Fig. 7 Directional PD US shows hypervascularity in the RI: axial sec-
tion of the rotator interval of a right shoulder in a patient with AC.
CHL, Coracohumeral ligament; LHBT, Long Head Beceps Tendon;
GT, greater tuberosity; LT, lesser tubercle

(SGLS) in patients subsequently diagnosed with AC,
reporting a sensitivity of 91% and a specificity of 100%.
Moreover, as an ancillary finding, they reported the pres-
ence of LHBT effusion in 23/26 patients (88%). In a later
study, SGLS has been studied [29] in 47 patients docu-
menting a strong correlation with MRI, confirming the
utility of evaluating this US sign. Stella et al. [13] in their
study described two novel signs useful for AC diagnosis:
the former describes the folding of the infraspinatus (ISP)
tendon sliding backwards showing a characteristic change
in shape from flat to concave toward the joint capsule
during dynamic examination, individuated in 41,5% of
patients; the latter documents the “bounce sign”, described
as a plucked guitar string, reported in nearly 57% of those
with tendon folding during passive external rotation: the
sign is a slight, rapid and fleeting jolt of the ISP tendon
folding toward the articular capsule during external rota-
tion, that quickly returns to baseline resting position.

Power Doppler ultrasound

Walmsley et al. in 2013 [30] in a prospective study evalu-
ating the RI of 41 early-stage AC patients documented
in 12 (29%) and increased vascularity at PD-US (Fig. 7),
confirming the usefulness of detecting an inflammatory
pattern in early AC. Subsequently, [17] a case—control
study compared Superb Microvascular Imaging® (SMI,;
Canon Medical Systems, Otawara, Japan) with conven-
tional PD-US in 39 AC patients and 35 healthy subjects
displaying a higher sensitivity and specificity in detecting
inflammatory flows at the RI for SMI against conventional
PD-US (AUC 0,9 vs 0,78 p <0.01). Furthermore, SMI
signal strength was inversely related to shoulder external

rotation, ROM, and forward flexion in the AC group
(p <0.05). Five studies documented an increase of vascu-
larization at the RI of patients with frozen shoulder [14,
16, 17, 21, 30]: for a total of 214 patients evaluated, 78
of these (38.44%) displayed an increase in PD-US signal.

Contrast-enhanced ultrasonography (CEUS)

Cheng et al. in 2017 [15] compared US-arthrography, by
injecting the contrast agent SonoVue® (Bracco, Milan,
Italy) into the glenohumeral joint, with the conventional
US, detecting a specific decrease of axillary recess volume
in AC patients. CEUS US-arthrography showed also filling
defects (91.1%), synovitis-like abnormalities (75.6%) in the
glenohumeral joint, and RI defects (71.1%).

Shear wave elastosonography (SWE) and strain
elastography ultrasound (SE)

Wau et al. [31], in a case—control analysis, prospectively stud-
ied the thickness and elasticity of CHL with SWE in 20
subjects with a clinical suspicion of AC. Both thickness (3.1
vs 2.3 p<0.001) and elastosonography findings were higher
in the affected shoulders against the contralateral unaffected
joint (234.8 kPa vs 203.3 kPa p <0.04). Two years later,
another study [32] investigated the efficacy of SWE in 32
patients and analyzed the mechanical stiffness of the CHL,
SST, and ISP tendons as well as the LHBT in the pre-freez-
ing and frozen stages of AC. Yun et al. [33] also examined
the stiffness of the SST and ISP tendons using SWE and
SE in a prospective case—control study of 20 patients with
primary AC and described stiffer tendons in these shoulders.
In addition, they proposed their cut-off values for AC using
SWE and SE: mean SST velocity (cut-off, 1.69 m/s) and
mean ISP velocity (cut-off, 1.80 m/s) showed high AUC
(>0.970); SST (cut-off, 8.53 kPa; sensitivity 84.0% speci-
ficity 100%) and ISP stiffness (cut-off, 9.76 kPa; sensitivity
92% specificity 100%) also displayed high diagnostic accu-
racy. Subsequently, Zhang et al. [34] documented a strict
correlation between CHL stiffness, disease duration, the
shoulder ROM, and their correlation with the visual ana-
logue scale score (VAS), offering insights into the possibility
of diagnosing disease stage by US examination.

Discussion

AC is a 'not easy' disease to diagnose, especially in the
early stages. Several papers document the usefulness of
musculoskeletal US examination to exclude other patholo-
gies that may mimic AC, such as tendon rupture, calcified
tendinopathy, arthritis, and chronic adhesive bursitis [35].
Musculoskeletal US examination is successfully used in the
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outpatient setting as a reliable tool for AC diagnosis and
provides pinpoint anatomical and functional information
expressed either as grey-scale changes or PD-US signals. In
addition, a recently published meta-analysis examined the
diagnostic accuracy of CHL thickness, RI abnormalities, and
AP widening and concluded that musculoskeletal US has
comparable diagnostic value to MRI [36].

Coraco-humeral ligament alterations in AC

The main US sign of AC is the thickening of the CHL. Itis a
ligament that can be easily visualised even by inexperienced
sonographers (although its curvature makes it subject to ani-
sotropy and lateral acoustic shadowing caused by refractive
phenomena due to its curvilinearity) and provides useful
information about shoulder health. Since the study of Homsi
[18] many papers mainly focusing on CHL thickness con-
firmed the utility of this ligament evaluation. Park et al. [19]
studied the thickness of CHL and IGHL (the latter, a compo-
nent of the AP) in patients in the pre-freezing and freezing
stage documenting a thicker ligamentous apparatus in AC
patients. Their results displayed that the thickening of CHL
is an event that can be documented also in the early stages
of the disease. Furthermore, Wu et al. [20] confirmed these
observations by evaluating CHL thickness in correlation
with disease stages and ROM reduction: an inverse correla-
tion between CHL thickening, shoulder ROM, and disease
duration was documented in patients with disease duration
higher than 6 months. Wada et al. [32] too correlated CHL
thickness and disease stage by discriminating between pre-
freezing and frozen shoulders: both stages displayed higher
thickness of the ligament in AC patients against controls, but
pre-freezing shoulders displayed a thinner CHL than frozen
ones. Therefore, CHL thickening can be considered an early
epiphenomenon of AC which strictly correlates with ROM
reduction of the affected joint that may persist during the
natural evolution of the disease. The cut-off evaluating CHL
thickening proposed by Tandon A. et al. is the lesser one
reported in the literature [16] (0.7 mm; sensitivity 93.1%;
specificity 94.4%); however, in this study, the measurement
is taken at the level of the origin of the CHL and in our
opinion, this threshold is too low as it may overlap with the
thickness of the ligament under normal conditions.

In fact, thickening of the CHL is not specific of AC, as
it can also occur in other conditions such as ligament inju-
ries, overuse syndromes, and in patients with anterior gle-
nohumeral instability: in these cases, the ligament is not
shortened [28] as in frozen shoulder, but only thickened, so
that the distinction between these conditions is not always
easy [28].
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Axillar pouch and inferior glenohumeral joint in AC

Michelin et al. [22], were the first to document a signifi-
cant thickening of the inferior glenohumeral joint capsule in
patients with clinically and/or MRI-proven capsular contrac-
tion. Nevertheless, Stella et al. [13], affirmed that in 2004
they had begun a preliminary study of the features of the
AP in patients with AC, noting an apparent expansion of
the recess which was initially misinterpreted as hypoechoic
joint effusion; the subsequent use of modern US equip-
ment demonstrated (2012) that the hypoechoic image was a
sign of the thickening of the joint capsule. However, a little
amount of effusion may be present (in 13% of patients with
AC) [13] between the meshes of the fibrous thickening of
the AP due to the entrapment of synovial fluid as a result of
capsular contraction. Subsequently, another group of study
[15] documented AP and CHL thickening using MRI as ref-
erence: not only did they evaluate shoulders with B-mode,
but by using CEUS they obtained higher sensitivities and
specificities than sole grey-scale analysis. In recent years,
several studies have evaluated AP thickening and provided
useful cut-off values for AC diagnosis [13, 14, 16, 18, 21,
24], nevertheless, the group of study of Sernik et al. fur-
nished those with the highest sensitivity and specificity [24].
Lately, Stella et al. [13], who examined the largest group
(106 patients) ever studied with the US for AC, suggested
their cut-off values for AP thickening. Furthermore, they
also considered diagnostic for AC a difference in thickness
of more than 60% between the contralateral pouch.

LHBT alterations in AC

Few papers have systematically studied the LHBT sheath,
although its effusion is frequently reported [14, 20, 21, 26,
27]; Stella et al. [13] documented an LHBT sheath effusion
in 75 out of 106 patients diagnosed with AC. Again, the
LHBT sheath represents a capsular recess, and assuming
that the joint contracture is appreciable in the overt stage of
the disease, we can speculate that the LHBT effusion may
be an early finding. In addition, the effusion may coexist
with many other pathologies: tendon tears, rheumatic poly-
myalgia, arthritis, etc. To date, no study has investigated
the diagnostic accuracy of LHBT sheath effusion for AC
but given that many pathological conditions may share this
US sign, in our opinion a high sensitivity and specificity
seems unlikely. Nevertheless, in subjects with few US signs
suggestive of disease and in the presence of a painful ROM
reduction, LHBT sheath effusion should raise suspicion of
AC and prompt a search for the US changes suggestive of
frozen shoulder.
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Fig.8 US dynamic study of
the infraspinatus tendon (green
above and white arrows below)
sliding backwards during pas-
sive external rotation from neu-
ral rotation (above) to external
passive rotation (below). Note
the change from a flat to a con-
cave profile (yellow arrowhead)
of the tendon. The sliding of the
tendon folds towards the joint
capsule because of the close
contiguity

Supraspinatus and infraspinatus tendons
alterations in AC

Few papers evaluated the alteration of rotator cuff tendons
sliding: Ryu et al. in 1993 [27] demonstrated that dynamic
ultrasonography could make a difference in assessing AC
reporting high diagnostic accuracy of SST tendon sliding
alterations. Lately, Kim et al. [29] too, studying SST sliding
alterations, documented a high correlation between mus-
culoskeletal US and MRA. Moreover, they highlighted a
reduction in total injectable volume in AC shoulders com-
pared to controls, confirming thus the joint capsule contrac-
tion importance in limiting patients’ ROM. Stella et al. [13]
documented the ISP sliding alterations in patients with AC:
a dynamic study of this tendon during a passive external
rotation demonstrated in 73% of cases a reduced sliding with
the tendon folding towards the joint capsule and changing
its profile from flat to concave (Fig. 8). The reduced tendon
sliding was often associated with a ‘bouncing’ movement
(“bounce sign”): the tendon, which resembled a plucked
guitar string, returned to its baseline resting position after
the jolt. These signs were never previously reported. The
folding of the tendon towards the joint capsule, ‘U’ shaped,
was seen in 77/106 patients and displayed good sensitivity
and specificity (sensitivity 72.6% specificity 100%) while
“bouncing sign” was observed in 44/106 with good diagnos-
tic accuracy (sensitivity 41.5% specificity 100%). Since no
other authors evaluated these features, we cannot compare

these findings with previous works. Nevertheless, it is worth
noting that these features may be observable also in the early
stages of the disease, and often lasting to the end-stage and
even after healing.

Power Doppler ultrasound in AC

Despite the nature of AC, which is recognized to start as
synovitis and end as fibrosis, few papers evaluated the accu-
racy of PD-US. Walmsley et al. [30] documented an inflam-
matory pattern at RI in a subset of patients with early-stage
AC. Moreover, those who displayed a positive PD-US signal
at RI had a lower duration of symptoms compared to the
patients without hypervascular changes. In their cohort of
study, they included patients in pre-freezing (0—3 months)
and freezing stage (3-9), thus with a heterogenous dis-
ease stage; assuming that hypervascular changes at RI
are observable only in the early phases of the disease, the
group’s heterogeneity could explain the lack of observation
of hypervascular signal in most of the examined shoulders.
Surprisingly, even if inflammation is held responsible for the
pain experienced by patients in early stage AC, Walmsley
et al. [30] reported lower pain values for the subjects who
displayed a positive PD-US. Subsequently, in a case—control
analysis, Kim et al. [17] compared the conventional PD-US
with Superb microvascular imaging (SMI®). SMI® is a soft-
ware that allows the detection of weaker signals compared to
conventional PD-US [37]. They reported higher sensitivity
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and specificity of SMI® than conventional PD-US in detect-
ing slow vascular flows. Moreover, they confirmed CHL
thickness and RI hypoechogenicity as useful for AC diag-
nosis. Although SMI® performance is reported to be higher
when compared to PD-US, they reported a good diagnostic
accuracy for the latter too. Furthermore, PD-US is an exami-
nation that is more accessible in everyday clinical practice in
most settings, which makes it easier to be adopted.

Contrast-enhanced ultrasonography (CEUS)

Cheng et al. in 2017 [15] compared US-arthrography, by
injecting the contrast agent into the glenohumeral joint,
with MRI as reference. Although the use of CEUS US
arthrography may be tempting for AC diagnosis, it is an
invasive technique, and its use is limited to the hospital set-
ting, so its application in daily clinical practice may not be
straightforward.

Share-wave and strain elastosonography in AC

To the best of our knowledge Wu et al. [31] was the first
to apply SWE for AC diagnosis: their case—control study
documented both higher CHL thickness and stiffness of
affected shoulders against normal joints. Wada et al. [32]
documented a lower stiffness for CHL and LHBT in the
pre-freezing stage compared to the frozen one and a higher
stiffness for SST and ISP in the pre-freezing stage compared
to the frozen, allowing to suggest that SWE and SE could
help define the stage of the disease. Zhang et al. [34], per
what was already reported [22], documented a strict cor-
relation between CHL stiffness, disease duration, and VAS
pain: in the early phases of AC, CHL stiffness was lower in
pathological shoulders than in healthy controls, conversely
in the later stages of the disease CHL appeared harder at
SWE. Moreover, the stiffness of CHL between the frozen
and defrosting stages was not significantly different, testify-
ing that the CHL stiffness reached its maximum in the mid-
dle phases. VAS pain was reported higher in the early stages
of the disease while it appeared to subside in the later ones.
Furthermore, CHL may not be visualized in 10% of indi-
viduals [38], therefore SWE and SE in this subset of patients
could be of utmost importance. Indeed, elastosonography
can add functional data (unavailable to MRI) to US morpho-
logical information. Nevertheless, SE and SWE are operator-
dependent techniques and provide only a qualitative measure
of tissue elasticity (also with Strain-Ratio evaluation), with
limitations in their reproducibility. Moreover, although SWE
has the potential to revolutionize bone, joint, and muscle
imaging, its clinical application has been hindered by techni-
cal and artefactual challenges. Many of the stumbling blocks
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encountered during musculoskeletal SWE imaging are
readily recognizable and can be overcome, but progressive
advances in technology and a better understanding of image
acquisition are required before SWE can reliably be used in
MSK imaging. An important limitation in the application of
SWE to tendons and ligaments in AC diagnosis is the prox-
imity of these to bone structures (rotator cuff, pulley): the
impact of bone proximity may provoke hardening artifacts
which may affect the quantitative data and the inter-observer
agreement [39]. Albeit studies investigating the role of SWE
and SE are limited and with a validation yet to be clarified,
they undoubtedly prove the interesting field of application of
elastosonography: with new technological implementations,
they will be able to provide further important information on
the anatomical state of the ligaments and tendons structures
involved in AC.

Conclusions

To date, the European Society of Musculoskeletal Radiol-
ogy does not recommend musculoskeletal US as a reliable
diagnostic tool for AC [40]. The evidence collected in this
review testifies that musculoskeletal US is as reliable as
MRI for AC diagnosis. Although CHL and AP thickening
evaluation remain the cornerstone of musculoskeletal US
diagnosis of AC, the combination of all the above-mentioned
US parameters allows a correct diagnosis, thus assisting the
physician in everyday clinical practice. For these reasons, we
believe that the US should be inserted as a first-line imaging
in suspected AC.
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