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Multi-modal imaging of adhesive capsulitis of the shoulder
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Abstract
Adhesive capsulitis of the shoulder is a clinical condi-
tion characterized by progressive limitation of active
and passive mobility of the glenohumeral joint, general-
ly associated with high levels of pain. Although the
diagnosis of adhesive capsulitis is based mainly on clin-
ical examination, different imaging modalities including
arthrography, ultrasound, magnetic resonance, and mag-
netic resonance arthrography may help to confirm the
diagnosis, detecting a number of findings such as cap-
sular and coracohumeral ligament thickening, poor cap-
sular distension, extracapsular contrast leakage, and sy-
novial hypertrophy and scar tissue formation at the ro-
tator interval. Ultrasound can also be used to guide
intra- and periarticular procedures for treating patients
with adhesive capsulitis.

Key Points
• Diagnosis of adhesive capsulitis is mainly based on clinical
findings.

• Imaging may be used to exclude articular or rotator cuff
pathology.

• Thickening of coracohumeral and inferior glenohumeral
ligaments are common findings.

• Rotator interval fat pad obliteration has 100 % specificity
for adhesive capsulitis.

• Ultrasound can be used to guide intra- and periarticular
treatments.
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Introduction

Adhesive capsulitis (AC) of the shoulder is a clinical condi-
tion characterized by progressive limitation of active and pas-
sive mobility of the glenohumeral joint, generally associated
with high levels of pain [1].

Although the diagnosis of AC is based mainly on clinical
examination, various imaging modalities, including
arthrography, ultrasound, magnetic resonance imaging
(MRI), and MR arthrography (MRA), may help to confirm
the diagnosis and to detect the presence of associated charac-
teristics such as rotator cuff abnormalities or intra-articular
pathology [2].

In this paper, we review the major clinical and imaging
findings encountered in patients with AC.
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Epidemiology and pathogenesis

AC was initially described by Duplay in 1872, who called the
condition Bscapulohumeral periarthritis^ In 1934, Codmann used
the designation Bfrozen shoulder^ [1], and the term Badhesive
capsulitis^ was first introduced in 1945 by Neviaser [3].

The prevalence of AC in the general population is 2–5 %,
with most patients over 40 years of age and with women
slightly more affected than men [4]. Contralateral shoulder
involvement is uncommon [4]. Several predisposing factors
have been reported, including trauma, hemiplegia, cerebral
haemorrhage, hyperthyroidism, cervical discopathy, diabetes,
hypercholesterolemia, and inflammatory lipoproteinemia [5].

The pathogenesis and macroscopic abnormalities of ACwere
first reported in 1945 by Neviaser et al., who described this

condition as thickening and contraction of the glenohumeral joint
capsule [3]. The authors also noted the adhesion of the capsule to
the humeral head, thus introducing the concept of AC. More
recent studies have noted abnormalities of the rotator cuff inter-
val, and in particular, the coracohumeral ligament [6]. Bunker et
al. found a higher prevalence of cytokines and growth factors in
tissue specimens of patients with AC compared to controls, and
also reported the absence of metalloproteinase MMP-14, needed
to activate the proteolytic enzyme gelatinase A [7]. Some years
later, proliferative synovitis was associated with AC, often in-
volving the sheath of the long head of the biceps tendon, and
chronic inflammatory involvement of the supraspinatus tendon
was also reported. Macnab suggested that autoimmunity might
be responsible for the condition as a whole [8]. At any rate, the
exact etiology of the condition is still unknown.

Various classifications of AC have been proposed. The
most widely used is that of Lundberg et al., who classified
the condition as primary when a clear cause could not be
established, and secondary when AC capsulitis occurred after
a definite event (e.g., trauma). However, other classifications
based on degree of capsular retraction, degree of movement,
and arthrographic findings have been reported.

Clinical findings and treatment

The most typical features of AC are pain associated with pro-
gressive stiffness and loss of external rotation movements of
the shoulder [9]. The loss of other motionmay also be present,
depending on the area of the capsule most affected. Pain may
be reported anteriorly or posteriorly, occasionally extending
over the biceps tendon, especially while resting in bed; how-
ever, in most cases, pain cannot be localized reliably [4].

Generally, three separate phases can be identified:

– "Freezing" phase, with duration varying from of 10 to
36 weeks. The main symptom is pain, especially during
the night, with little response to oral administration of
non-steroidal anti-inflammatory drugs. In this phase, the
range of motion begins to narrow.

Fig. 1 Conventional
arthrography, anteroposterior
view. (a) Normal distension of the
axillary recess (black arrow) and
the subscapular recess (thick
arrow). (b) Reduced distension of
the axillary recess (black arrow)
and subscapular recess associated
with medial leakage of contrast
(white arrow) in a patient with
adhesive capsulitis

Fig. 2 Long-axis ultrasound scan of the proximal portion of the
coracohumeral ligament (calipers) in a patient with adhesive capsulitis.
The ligament is hypoechoic and thickened (1.8 mm). H humerus,
arrow coracoid process
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– "Frozen’" phase, with a duration of 4 to 12 months. Pain
gradually diminishes while stiffness persists, with an al-
most complete loss of external rotation movement.

– "Thawing" phase, lasting between 12 and 42 months
[10], although some authors have reported stiffness
persisting up to 7 years [11]. In this phase, stiff-
ness gradually disappears and range of motion is
gradually recovered.

The aim of treatment is to reduce pain and restore the range
of motion, and should be tailored to the severity of symptoms
and disease duration. Several treatment options have been
reported for AC, but the evidence is still poor, whether these
options are used alone or in various combinations [12].

Physiotherapy is typically the first therapeutic approach,
with the immediate goal of preventing further limitation of

movement and then restoring the range of motion [13].
Steroids are commonly used to treat AC, administered both
orally and intra-articularly. These are usually accompanied by
physiotherapy, and thus discerning the advantages treatment
or another is difficult. Some studies have reported a rebound
of symptoms at the end of steroid treatment; thus, the
pros and cons should be carefully evaluated in every
patient [14–16]. Hydrodilation of the glenohumeral
joint capsule is another practicable option [17, 18]. A
systematic review of this treatment found the procedure
to be effective, but there is little evidence of superiority
to other treatments [19]. Suprascapular nerve block can
be used to reduce pain sensitivity and to improve range
of motion, and can be easily performed under ultrasound guid-
ance [16]. Randomized studies [20] have demonstrated pain
reduction and improved range of motion in treated patients
compared to control groups. Other treatment options
are available, including glenohumeral joint mobilization
under sedation and arthroscopic or open capsular release
[21]. However, all invasive procedures should be reserved for
cases that do not resolve spontaneously or respond to conser-
vative therapies.

Imaging

The diagnosis of AC is usually clinical. Imaging is most help-
ful in cases with less severe clinical symptoms that might be
misdiagnosed as rotator cuff tears, bursitis, or other
conditions.

Plain radiography

In patients with AC, plain films are usually unremarkable.
However, plain radiography may be useful for detecting the
presence of associated features, such as osteophytes, loose
bodies, or periarticular calcifications.

Fig. 3 Axillary long-axis view of
the inferior glenohumeral
ligament with arm in abduction.
(a) Thickening of the inferior
capsular profile (calipers,
3.3 mm) in a shoulder affected by
adhesive capsulitis. H humerus
(b) In the contralateral shoulder,
the capsule has normal thickness
(calipers, 1.5 mm)

Fig. 4 Evaluation of the rotator interval in a patient with adhesive
capsulitis for 3 weeks. The power Doppler signal is clearly seen within
hypoechoic scar tissue (asterisks). H humerus, arrow biceps tendon
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Conventional arthrography

Conventional arthrography has historically played an impor-
tant role in the evaluation of patients with AC, having been
used for both diagnostic and therapeutic purposes [22]. The
process consists in the intra-articular injection of diluted

iodinated contrast, after which standard and supplementary
shoulder projections are obtained.

A number of findings on conventional arthrograms suggest
a diagnosis of AC. These include reduced capsular distension
with irregular internal profile and internal septa, which is

Fig. 5 Coronal oblique T2-
weighted fat-saturated (a, b) and
axial proton density fat-saturated
(c, d) images. In a healthy subject
(a, c), the capsular recess has
normal signal intensity (arrows),
while in a patient with adhesive
capsulitis (b, d), clear signal
hyperintensity can be seen
(arrows). H humerus, G glenoid,
S supraspinatus tendon

Fig. 6 Coronal oblique proton density image in a patient with adhesive
capsulitis. The axillary pouch (arrows) is thickened. G glenoid,
H humerus

Fig. 7 Sagittal oblique T2-weighted image in a patient with adhesive
capsulitis. The coracohumeral ligament (arrows) is markedly thickened
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associated with medial leakage of contrast, lack of distension
of the subscapular bursa, and atypical contrast leakage in the
sheath of the biceps [23] (Fig. 1). Although reduced capsular
volume is a common finding, no clear data exist regarding its
quantification on conventional arthrography. Harryman et al.
reported that joint capacity in patients with ACwas lower than
10-12 ml [24].

Ultrasound

The role of ultrasound in the diagnosis of AC is still contro-
versial. AC was not included among clinical indications for
musculoskeletal ultrasound issued by the European Society of
Musculoskeletal Radiology in 2012 [25]. However, various

studies have illustrated some specific findings that may help
to orient the diagnosis of AC. Homsi et al. reported that the
coracohumeral ligament was significantly thicker in patients
withAC than in asymptomatic volunteers (3mmvs. 1.34mm)
[26]. However, the time of symptom onset was not taken into
account, and thus results were not correlated to the clinical
phase of the disease. (Fig. 2). In another paper, Michelin
et al. [27] demonstrated that the axillary pouch was thicker
in patients with AC than in asymptomatic controls (4 mm vs.
1.3 mm) (Fig. 3). Other ultrasound findings in AC include a
hypoechoic appearance of the coracohumeral ligament and
the presence of power Doppler signal at the rotator interval
(Fig. 4). Doppler signal results from hypervascular
hypoechoic scar tissue (proliferation) which develops at the
rotator interval and other portions of the capsule in patients
with AC. Lee et al. calculated 97 % and 100 % sensitivity and
87 % and 100 % specificity, respectively, of these signs. The
power Doppler signal also seems to be present more during
the freezing phase than the other phases [28]. Dynamic
evaluation may play a role, as rotation of the humeral
head is at least partially reduced in patients with AC, thus
limiting the gliding and visibility of the supraspinatus tendon
under the acromion [29]. Because ultrasound may be difficult
to perform in these patients, MRI may be performed first to
exclude rotator cuff abnormalities.

MRI and MRA

Anumber of signs of AC onMRI andMRA have been reported.
The increased signal intensity of the inferior glenohumeral liga-
ment on fat-saturated T2-weighted sequences was found to have
85.3–88.2 % sensitivity and 88.2 % specificity, with excellent
interobserver agreement [30] (Fig. 5). Some authors have pro-
posed that high pericapsular signal intensity corresponds to
hypervascular synovitis typically seen in the frozen phase of
AC [31]. Intravenous administration of contrast agents (i.e., in-
direct MRA) may be helpful for identifying enhancement of
capsular and synovial structures related to the ongoing

Fig. 8 MRarthrography, sagittal oblique T1-weighted image. In a patient
with adhesive capsulitis for 15 weeks, the fat triangle (arrowheads) signal
is considerably reduced

Fig. 9 MR arthrography, coronal
oblique T1-weighted fat-saturated
image. (a) In a healthy subject, the
axillary pouch is normally
distensible (arrow). H humerus,
G glenoid. (b). In a patient with
adhesive capsulitis, the axillary
pouch is contracted and poorly
distended (arrow)
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inflammation [32, 33]. Furthermore, post-contrast enhancement
of the axillary pouch seems to correlate to the reduced range of
motion of the shoulder during AC [34]. Researchers have report-
ed no significant differences in diagnostic performance between
MRI and indirect MRA in identifying abnormalities of the axil-
lary pouch, and the implication of this structure in AC has long
been debated. Emig et al. was the first to report such an associ-
ation, noting that axillary pouch thickening over 4 mm on MRI
demonstrated 65 % sensitivity and 90 % specificity [35].
Subsequent studies, all performed usingMRA, showed contrast-
ing results. Manton et al. reported that this sign was not specific
to a diagnosis of AC [36]. Lee et al. found a mean capsular
thickness of 2.97 mm in patients with AC compared to
1.86 mm in healthy controls [37]. Conversely, Mengiardi et al.
found no difference in capsule thickness between patients with
AC and controls [2]. Lastly, Jung et al. demonstrated that capsu-
lar thickness greater than 3 mm at the axillary recess on coronal
oblique non fat-saturated T2-weighted sequences was a specific
sign of AC (Fig. 6) [38].

MRA can also be used to detect abnormalities over the
rotator cuff interval [39, 40]. Thickening of the coracohumeral
ligament and capsule at the rotator cuff interval has high spec-
ificity but low sensitivity for the diagnosis of AC [2, 41]: a
coracohumeral thicker than 4 mm has 59 % sensitivity and
95% specificity, while a 7-mm threshold for capsule thickness
has 64 % sensitivity and 86 % specificity (Fig. 7) [2].
Mengiardi et al. showed that the obliteration of the triangular
fat pad inferior to the coracohumeral ligament had the highest
specificity (100 %) but low sensitivity (32 %; Fig. 8) [2].

Similar to conventional arthrography, reduced axillary
pouch volume on MRA suggests a diagnosis of AC (Fig. 9).
Lee et al. demonstrated a mean ratio between fluid distension
of the axillary and posterior recess of 0.51 in patients with AC
and 0.82 in healthy controls [37]. Mengiardi et al. reported a
mean axillary pouch volume of 0.52 ml in patients with AC
and 0.88ml in healthy controls [2]. Conversely, not all authors
agree on the utility of evaluating capsular width at the rotator
interval in patients with AC [37, 38, 42].

Last, other findings reported in the literature include the leak-
age of contrast agent anterior to the medial margin of the scapula

(Fig. 10), pseudo-synovitis over the cranial border of the
subscapularis tendon and the biceps anchor, and widening of
the subscapular recess [2].

Despite the volume of reported data, there is no real con-
sensus regarding the findings that are most reliable in diag-
nosing AC [36]. In the authors’ experience, thickening of the
coracohumeral ligament and rotator interval synovitis seen at
ultrasound and the increased signal intensity of the inferior
glenohumeral ligament on fat-saturated T2-weighted se-
quences seem to be the most conclusive.

Conclusion

The diagnosis of AC is based mainly on clinical findings. Plain
film generally plays no role in diagnosing this condition.
Ultrasound can be used primarily to detect thickening of the
coracohumeral ligament and synovial hypertrophy at the rotator
cuff interval. MR and MRA have demonstrated high diagnostic
accuracy in detecting a number of features suggestive of adhesive
capsulitis, including inferior glenohumeral ligament
hyperintensity, capsular and coracohumeral ligament thickening,
poor capsular distension, and synovial hypertrophy and tissue
scarring at the rotator interval.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Codman EA (1934) Rupture of the supraspinatus tendon and other
lesions in or about the subacromial bursa. In: The shoulder.
Privately printed, Boston. pp 216-224

2. Mengiardi B, Pfirrmann CW, Gerber C, Hodler J, Zanetti M
(2004) Frozen shoulder: MR arthrographic findings.
Radiology 233(2):486–492

Fig. 10 MR arthrography, (a)
coronal oblique and (b) axial T1-
weighted fat-saturated image in a
patient with adhesive capsulitis.
Leakage of contrast agent can be
seen on the anterior inferior
margin of the scapula (arrow). H
humerus, G glenoid

370 Insights Imaging (2016) 7:365–371



3. Neviaser JS (1962) Adhesive capsulitis of the shoulder (the frozen
shoulder). Med Times 90:783–780

4. Harris G, Bou-Haidar P, Harris C (2013) Adhesive capsulitis:
review of imaging and treatment. J Med Imaging Radiat Oncol
57(6):633–643

5. Sung CM, Jung TS, Park HB (2014) Are serum lipids involved in
primary frozen shoulder? A case-control study. J Bone Joint Surg
Am 96(21):1828–18s33

6. Uitvlugt G, Detrisac DA, Johnson LL et al (1993) Arthroscopic
observations before and after manipulation of frozen shoulder.
Arthroscopy 9:181

7. Bunker TD, Reilly J, Baird KS, Hamblen DL (2000) Expression of
growth factors, cytochines and matrix metalloproteinases in frozen
shoulder. J Bone Joint Surg (Br) 82(5):768–773

8. Macnab I (1973) Rotator cuff tendinitis. Ann R Coll Surg
Engl 53:271

9. Rizk TE, Pinals RS (1982) Frozen shoulder. SeminArthritis Rheum
11:440–452

10. Reeves B (1976) The natural history of the frozen shoulder
syndrome. Scand J Rheumatol 4:193–196

11. Shaffer B, Tibone JE, Kerlan RK (1992) Frozen shoulder. A long
term follow up. J Bone Joint Surg Am 74:738–746

12. RookmoneeaM, Dennis L, Brealey S et al (2010) The effectiveness
of interventions in the management of patients with primary
frozen shoulder. J Bone Joint Surg (Br) 92(9):1267–1272.
doi:10.1302/0301-620X.92B9.24282

13. Buchbinder R, Green S, Youd JM (2003) Corticosteroid injections
for shoulder pain. Cochrane Database Syst Rev. (1):CD004016

14. Buchbinder R, Hoving JL, Green S, Hall S, Forbes A, Nash P
(2004) Short course prednisolone for adhesive capsulitis (frozen
shoulder or stiff painful shoulder): a randomised, double blind,
placebo controlled trial. Ann Rheum Dis 63(11):1460–1469

15. Buchbinder R, Green S (2004) Effect of arthrographics shoulder
joint distension with saline and corticosteroid for adhesive
capsulitis. Br J Sports Med 38:384–385

16. Messina C, Banfi G, Orlandi D et al (2016) Ultrasound-guided
interventional procedures around the shoulder. Br J Radiol
89(1057):20150372. doi:10.1259/bjr.20150372

17. Andren L, Lundberg BJ (1965) Treatment of rigid shoulders by
joint distension during arthrography. Acta Orthop Scand 36:45–53

18. Messina C, Banfi G, Aliprandi A et al (2015)Ultrasound guidance to
perform intra-articular injection of gadolinium-based contrast mate-
rial for magnetic resonance arthrography as an alternative to fluoros-
copy: the time is now. Eur Radiol. doi:10.1007/s00330-015-3945-3

19. Uppal SU, Evans JP, Smith C (2015) Frozen shoulder: a systematic
review of therapeutic options. World J Orhop 6(2):263–268

20. Jones DS, Chattopadhyay C (1999) Suprascapular nerve block for
the treatment of frozen shoulder in primary care: a randomized trial.
Br J Gen Pract 49(438):39–41

21. Ogilvie-Harris DJ, Biggs DJ, Fitsialos DP et al (1995) The resistant
frozen shoulder: manipulation versus arthroscopic release. Clin
Orthop 319:238–248

22. Rizk TE, Gavant ML, Pinals RS (1994) Treatment of adhesive
capsulitis (frozen shoulder) with arthrographic capsular distension
and rupture.". Arch Phys Med Rehabil 75(7):803–807

23. Neviaser JS (1962) Arthrography of the shoulder joint: study
of the findings in adhesive capsulitis of the shoulder. Study
of the findings in adhesive capsulitis of the shoulder. J Bone
Joint Surg Am 44-A:1321–1359

24. Harryman DT, Lazarus MD, Rozencwaig R (1998) The stiff
shoulder. In: Rockwood CA, Matsen FA (eds) The shoulder.
WB Saunders, Philadelphia, pp 1064–1112

25. Klauser AS, Tagliafico A, Allen GM et al (2012) Clinical indications
for musculoskeletal ultrasound: a Delphi-based consensus pa-
per of the European Society of Musculoskeletal Radiology.
Eur Radiol 22:1140–1148

26. Homsi C, Bordalo-Rodrigues M, da Silva JJ, Stump XM (2006)
Ultrasound in adhesive capsulitis of the shoulder: is assessment of
the coracohumeral ligament a valuable diagnostic tool? Skelet
Radiol 35(9):673–678

27. Michelin P, Delarue Y, Duparc F, Dacher JN (2013) Thickening of
the inferior glenohumeral capsule: an ultrasound sign for shoulder
capsular contracture. Eur Radiol 23(10):2802–2806

28. Lee JC, Sykes C, Saifuddin A, Connell D (2005) Adhesive
capsulitis: sonographic changes in the rotator cuff interval with
arthroscopic correlation. Skelet Radiol 34(9):522–527

29. Kim I, Yi JH, Lee J et al (2012) Limited subacromial gliding of the
supraspinatus tendon during dynamic ultrasonography can predict a
decrease in capacity and MR arthrographic features of the shoulder
joint. Eur Radiol 22(11):2365–2370

30. Gondim Teixeira PA, Balaj C, Chanson A, Lecocq S, Louis M,
Blum A (2012) Adhesive capsulitis of the shoulder: value of infe-
rior glenohumeral ligament signal changes on T2-weighted fat-sat-
urated images. AJR Am J Roentgenol 198(6):W589–96

31. Sofka CM, Ciavarra GA, Hannafin JA, Cordasco FA, Potter HG
(2008) Magnetic resonance imaging of adhesive capsulitis: correla-
tion with clinical staging. HSS J 4(2):164–169. doi:10.1007/
s11420-008-9088-1

32. Tamai K, Yamato M (1997) Abnormal synovium in the frozen
shoulder: a preliminary report with dynamic magnetic resonance
imaging. J Shoulder Elb Surg 6(6):534–543

33. Song KD, Kwon JW, Yoon YC, Choi SH (2011) Indirect MR
arthrographic findings of adhesive capsulitis. AJR Am J
Roentgenol 197(6):W1105–W1109

34. AhnKS, KangCH, OhYW, JeongWK (2012) Correlation between
magnetic resonance imaging and clinical impairment in patients
with adhesive capsulitis. Skelet Radiol 41(10):1301–1308

35. Emig EW, Schweitzer ME, Karasick D, Lubowitz J (1995)
Adhesive capsulitis of the shoulder: MR diagnosis. AJR Am J
Roentgenol 164(6):1457–1459

36. Manton GL, Schweitzer ME, Weishaupt D, Karasick D (2001)
Utility of MR arthrography in the diagnosis of adhesive capsulitis.
Skelet Radiol 30(6):326–330

37. Lee MH, Ahn JM, Muhle C et al (2003) Adhesive capsulitis of the
shoulder: diagnosis using magnetic resonance arthrography, with
arthroscopic findings as the standard. J Comput Assist Tomogr
27(6):901–906

38. Jung JY, Jee WH, Chun HJ, Kim YS, Chung YG, Kim JM (2006)
Adhesive capsulitis of the shoulder: evaluation with MR
arthrography. Eur Radiol 16:791–796

39. Beltran LS, Beltran J (2014) Biceps and rotator interval: imaging
update. Semin Musculoskelet Radiol 18(4):425–435

40. Nakata W, Katou S, Fujita A, Nakata M, Lefor AT, Sugimoto H
(2011) Biceps pulley: normal anatomy and associated lesions atMR
arthrography. Radiographics 31(3):791–810

41. Li JQ, Tang KL, Wang J et al (2011) MRI findings for frozen
shoulder evaluation: is the thickness of the coracohumeral ligament
a valuable diagnostic tool? PLoS One 6(12):e28704. doi:10.1371/
journal.pone.0028704

42. Kim KC, Rhee KJ, Shin HD (2009) Adhesive capsulitis of
the shoulder: dimensions of the rotator interval measured with mag-
netic resonance arthrography. J Shoulder Elb Surg 18(3):437–42.
doi:10.1016/j.jse.2008.10.018

Insights Imaging (2016) 7:365–371 371

http://dx.doi.org/10.1302/0301-620X.92B9.24282
http://dx.doi.org/10.1259/bjr.20150372
http://dx.doi.org/10.1007/s00330-015-3945-3
http://dx.doi.org/10.1007/s11420-008-9088-1
http://dx.doi.org/10.1007/s11420-008-9088-1
http://dx.doi.org/10.1371/journal.pone.0028704
http://dx.doi.org/10.1371/journal.pone.0028704
http://dx.doi.org/10.1016/j.jse.2008.10.018

	Multi-modal imaging of adhesive capsulitis of the shoulder
	Abstract
	Abstract
	Abstract
	Introduction
	Epidemiology and pathogenesis
	Clinical findings and treatment
	Imaging
	Plain radiography
	Conventional arthrography
	Ultrasound
	MRI and MRA

	Conclusion
	References


