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Abstract

The glenohumeral joint is a complex anatomical struc-
ture characterised by hypermobility and large synovi-
al and articular surfaces. Shoulder pain is a common 
clinical complaint in adults, related to a wide spectrum 
of disorders, including synovial disorders such as in-
flammatory and crystal-induced arthropathies, rotator 
cuff disease and osteonecrosis. Primary degenerative 
osteoarthritis is rarely seen because the glenohumer-
al joint is non-weight-bearing. In the presence of ad-
vanced osteoarthritis of the glenohumeral joint in 

patients without previous trauma or infection, radiol-
ogists should explore other underlying causes such as 
crystal-induced arthropathy and Charcot’s neuropath-
ic arthropathy. Young adults may show early-onset os-
teoarthritis as a complication of previous trauma and 
long-standing synovial osteochondromatosis. This pic-
torial review presents the pathophysiology, important 
clinical aspects and the main imaging findings which 
allow an accurate diagnosis of glenohumeral joint ar-
thritis.
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Introduction
Shoulder pain is one of the commonest symptoms af-
fecting the general population, with a prevalence of up 
to 30% [1]. Pain-generating sources are both the gle-
nohumeral (GHj) and acromioclavicular (ACj) joints, as 
well as the rotator cuff (RC) and the capsuloligamentous 
structures [2]. Although radiologists maintain a high 
index of suspicion regarding RC disease and labral pa-
thology, arthropathies are often overlooked, especially 
in the context of limited or lacking specific clinical in-
formation. 

A wide spectrum of differential diagnoses is described 
under the umbrella of shoulder arthropathy (Table 1) 
[3]. Although history and clinical examination have a 
vital role in the diagnostic algorithm, imaging is a cru-
cial part of the diagnostic approach. Patients with GHj 
or ACj arthritis usually present with a gradually wors-
ening pain. The ACj arthritis has typically localised pain 
which is exacerbated upon pressure over the joint. GHj 
arthritis on the other hand has a vague pain location, 
which typically worsens on active and passive motion 
[1]. 

In shoulder arthritis, plain radiographs (PR) are the 
imaging modality of first choice. A standard antero-
posterior (external rotation of the hand) view allows 
visualisation of the AC joint. The “Grashey” or posterior 
oblique anteroposterior view assesses the GHj. When PR 
are inconclusive, MRI, due to its superb contrast reso-
lution, allows for synchronous assessment of the osse-
ous, cartilaginous and soft-tissue structures of the joint 
[4]. Despite the high prevalence of GHj arthritis, there 
is scarce literature regarding the systemic description 
of the entities related to this condition [5, 6]. In this 
pictorial essay, we focus on arthropathies affecting the 
GHj which is a commonly underestimated topic among 
radiologists. Important pathophysiological and clinical 
aspects as well as key imaging findings, with emphasis 
on MRI, will be presented in an attempt to increase the 
awareness of radiologists for early diagnosis and proper 
patient management.

	
1. Inflammatory arthritis
Imaging modalities such as PR, MRI and ultrasound (US) 
have an integral role in diagnosing and monitoring of 
inflammatory disorders of the GHj, including rheuma-
toid arthritis (RA) and seronegative spondylarthropa-
thies (SpA) [7].

 1a. Rheumatoid arthritis
Early diagnosis of RA, which has a prevalence of about 
1% in adults, is a challenge with huge potential bene-
fit, before permanent disability is established [5]. RA is 
the commonest inflammatory arthropathy affecting the 
GHj, showing no specific clinical symptoms and signs [5, 
7]. The GHj is involved in one third of patients with RA 
at the time of diagnosis [2]. Pathophysiologically, GHj 
involvement shares the same pattern with peripheral 
small joints. Synovial hypertrophy represents the car-
dinal feature which may harm the articular cartilage, 
subchondral and bare bone and periarticular soft tis-
sues [6]. 

Radiographic abnormalities may be absent in 28% of 
patients with RA. However, they are usually evident in 
45% and 64% of patients at 5 and 19 years from the on-
set of symptoms [8, 9]. In addition, RC symptomatology, 

Fig. 1. Ultrasonography in rheumatoid arthritis. a) Posterior 
approach showing the glenohumeral joint effusion (thin ar-
row) and the synovitis with the presence of “rice bodies” (open 
arrows). b) Posterior approach in another patient showing 
synovitis with positive Doppler signal (arrow). HH: Humeral 
head; Gl: Glenoid.
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with or without a tendon tear, is present in up to 75% 
of patients with GHj RA [9]. The earliest PR findings in-
clude soft tissue swelling and periarticular osteopaenia. 
Evolution of marginal erosions on the superolateral sur-
face of the humeral head and in the medial aspect of the 
surgical neck of the humerus typically develop within 
1-2 years from the onset of symptoms. Erosions of the 
articular surfaces and joint space narrowing (JSN) rep-
resent common end-stage findings [6, 8, 10-13]. 

The reported sensitivity of US, being similar to MRI, is 
better than PR regarding the detection of early erosions 
in the humeral head [8, 10-15]. In this context, US is su-
perb in detecting early cortical erosions located at the 
superolateral aspect of the humeral head whereas MRI 
can better assess lesions located at the posterolateral 
cortex [13, 14]. Regarding synovitis, it can be accessed 
via US mainly by examining two locations, namely the 
posterior and axillary recess [16]. Synovitis is depicted 
as hypoechoic (infrequently isoechoic or hyperechoic) 

relative to subcutaneous fat intraarticular tissue that 
is non-displaceable and poorly compressible with po-
tentially concomitant effusion (Fig. 1a) [17]. Presence 
of synovitis should prompt the use of power or colour 
Doppler US to establish vascularity and, hence, inflam-
mation of the tissue (FIg. 1b). Bursitis and tenosynovitis 
of the long head of biceps tendon, being present in a 
significant percentage of patients, can also be depicted 
by US. Hypoechoic or anechoic thickened tissue with/
out fluid within the tendon sheath, which is seen in two 
perpendicular planes and which may exhibit Doppler 
signal, defines tenosynovitis on US [17]. Distention of 
the subacromial-subdeltoid bursa due to synovial thick-
ening (>3 mm) with/out effusion represent US findings 
suggestive of bursitis [16].

Computed tomography (CT) has a limited role in RA of 
the shoulder. The method is utilised mainly for assessing 
the osseous structures for the presence of large erosions 
and JSN, when operative treatment is concerned [12].

Table 1. Causes of common and uncommon glenohumeral arthropathies

Inflammatory Rheumatoid arthritis
Seronegative arthropathies

Infectious Septic arthritis

Crystalline 
arthropathies

HADD
CPPD
Gout

Neurological
Syringomyelia
Erb’s disease
Parkinson

Avascular necrosis
Toxic (corticosteroids, alcohol abuse or radiation)
Haemoglobinopathies
Metabolic diseases (Gaucher’s etc)

Miscellaneous

PVNS
Amyloid arthropathy
Synovial osteochondromatosis
Haemophilic arthropathy

Traumatic
Trauma leading to macroinstability
Overuse leading to microinstability
Post-traumatic osteonecrosis of the humeral head

Postsurgical
Material failure or malposition
Chondrolysis
Altered biomechanics after capsulorrhaphy

Degenerative Arthropathy caused by displacement of the humeral head after a rotator cuff 
tear
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MRI is the gold standard for the evaluation of in-
tra-articular structures and bone marrow [13, 14]. 
Regarding synovitis, it is depicted as hypertrophied 
synovium, surrounding a joint effusion, which may 
enhance avidly after intravenous gadolinium admin-
istration (Figs. 1-3). With administration of intrave-
nous contrast agents, MRI can differentiate synovial 
fluid from synovitis, as well as between hypervascu-
lar-active and fibrotic-inactive pannus [18]. The syno-
vial proliferation leads to hypertrophied synovial villi 

which may detach into the joint space or subacromi-
al bursa and have an appearance of grains of rice and 
are called “rice bodies” (Figs. 1, 2) [5]. They typically 
show low to intermediate signal on T1W and low signal 
on T2W sequences [5]. Following intravenous contrast 
administration, they usually do not show enhance-
ment [6]. Erosive changes are depicted as well-defined 
T2-hyperintense and T1-hypointense osseous lesions 
that communicate with the joint, often located at the 
posterolateral surface of the humeral head [2]. Bone 

Fig. 2. A 49-year-old female patient with known rheumatoid arthritis of the wrists for 8 years and the left shoulder for 6 years. 
The oblique fat suppressed T2-w coronal (a) and fat suppressed contrast enhanced T1-w (b) MR images of the right shoulder 
show the  joint effusion (thin arrows), the rice bodies (open thin arrows), the supraspinatus tendon tear with proximal retrac-
tion (arrowhead) and the extensive synovitis within the subacromial-subdeltoid bursa (open arrows). Bone marrow hyperplasia 
is the result of known iron deficiency anaemia. Early rheumatoid arthritis in the right shoulder of a 60-year-old female patient. 
The oblique sagittal fat suppressed T2-w (c) and fat suppressed contrast enhanced T1-w (d) MR images show the joint effusion 
(thin arrows), the synovial thickening with rice bodies (thin open arrows), and the extensive synovitis (open arrows).
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marrow oedema (BME) in patients with RA is consid-
ered to be an early marker of inflammation [18]. BME 
is usually seen in subchondral locations or surrounding 
bone erosions and its presence is strongly related to 
the degree of synovitis and subsequent erosive damage 
[19]. Although approximately half of the patients with 
BME are going to develop erosions within one year, 
the altered marrow signal can be a potentially revers-
ible feature [19]. RC abnormalities range from fraying 
to full-thickness tears and are commonly observed in 
patients with RA. Subsequent cephalad subluxation 
of the humeral head may be seen in patients with RC 
insufficiency [4, 7]. Adhesive capsulitis is the result of 
limited range of motion, secondary to chronic shoulder 
pain. In the era of advanced MRI techniques, perfusion 
MRI has been shown to represent a powerful tool for 
assessing response to treatment by applying quantita-
tive evaluation of the contrast enhancement of the in-
flamed synovium. Hyaline cartilage degradation in RA 

studied by newer MRI techniques and ultrahigh field 
MR scanners are currently under development [2]. 

1b. Seronegative arthropathies
SpA represent the second most common group of in-
flammatory arthritis, affecting about 0.6 to 1.9% of the 
European population [5]. Among all entities described 
under the term “SpA”, psoriatic arthritis (PsA), and 
ankylosing spondylitis (AS) most commonly affect the 
shoulder, with a reported incidence of up to 35% [20]. 
Shoulder is the second commonest extra-axial site of 
involvement in AS [6]. Inflammatory changes located 
at the tendinous, ligamentous and joint capsular inser-
tions, called enthesitis, constitute the hallmark of SpA 
involvement. During the disease course, enthesitis may 
evolve into erosions and reactive bone formation, de-
scribed as enthesophytes. 

Although SpA shares many radiographic abnormali-
ties with RA, the presence of bony proliferation and an-

d e f

Fig. 3. Advanced rheumatoid arthritis of the left shoulder in a 70-year-old female patient. Upper row from left to right: axial fat 
suppressed PD-w, fat suppressed oblique coronal T2-w and oblique sagittal T1-w MR images. Lower row from left to right: fat 
suppressed contrast enhanced T1-w axial, oblique coronal and oblique sagittal MR images. Joint effusion (thin arrows), synovitis 
(open arrows), bone marrow oedema (arrowheads), erosions on both sides of the joint (thin open arrows) and supraspinatus and 
infraspinatus tears (long thin arrows) are shown. 
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kyloses serve as discriminating features between these 
two entities [6]. PR findings in the shoulder include 
JSN and the typical “hatchet sign”, which describes the 
presence of large erosion on the superolateral aspect of 
the humeral head (Fig. 4). Common MRI findings are 
subacromial bursitis, RC tendon tears with subsequent 
muscle atrophy and BME in the entheseal sites of the 
acromion and greater tubercle, with the latter carrying 
high specificity [4, 20]. US findings include swelling and 
neovascularisation at the entheseal sites. The presence 
of enthesitis at the insertion of the coraco-acromial lig-
ament may result in enthesophytes leading to a “beard-
ed acromion” [21]. Enthesophytes may also develop at 
the acromial insertion of the deltoid, producing symp-
toms similar to those caused by impingement, particu-
larly in patients with PsA [21].  

1c. Juvenile idiopathic arthritis
Juvenile idiopathic arthritis (JIA) is the most com-
mon chronic disease in the paediatric population 
[22]. Shoulder involvement is seen late in the course 
of the polyarticular pattern of JIA, with a reported 
incidence of about 13% at 15 years after diagnosis 
[23]. Imaging investigation in JIA has a triple role: 
to increase clinical diagnostic confidence, detect po-
tential complications related to the condition and to 
evaluate response to treatment [23]. MRI findings in 
JIA are similar to RA [23]. Care should be taken to ob-
tain contrast enhanced images within 5 min follow-
ing IV injection, as on late images there is a risk of 
over-diagnosing synovial inflammation, due to the 
diffusion of the contrast medium into the joint space 
[24, 25].

Fig. 4. a. A 70-year-old male patient with a history of psori-
asis for the last 34 years and of axial spondyloarthropathy 
for the last 22 years. The plain AP radiograph shows destruc-
tive osteoarthritis with joint space narrowing (thin arrows) 
and new bone formation (open arrows) secondary to psori-
atic involvement of the glenohumeral joint. b. The plain AP 
radiograph of a 66-year-old male patient with long standing 
ankylosing spondylitis shows large erosions superolaterally 
(white arrow) and medially (black arrow). c. The oblique cor-
onal T1W MR image in a 74-year-old male patient with long 
standing ankylosing spondylitis shows a large erosion on the 
superolateral humeral head (“hatchet” sign) (large arrow). 
Benign bone marrow hyperplasia (small open arrows) is the 
result of chronic anaemia.
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Fig. 5.  Shoulder septic arthritis and osteomyelitis in a 72-year-old male patient, 3 months after genitourinary Staphylococcus 
aureus infection and shoulder pain of 3 weeks duration.  a. AP radiographs shows osteolytic lesions in the medial aspect of the 
humeral head (arrows). Axial (b) and oblique coronal reconstruction (c) CT images show to better advantage the osteolytic le-
sions in both the glene and the humeral head (arrows) and cortical demineralisation of the intraarticular cortex with irregular 
articular surfaces (thick arrows). In addition, there is loss of fat planes and a lesion in the axillary cavity (open arrows). The 
oblique coronal T1W (d), fat suppressed T2W (e), contrast enhanced fat suppressed T1W (f) and contrast enhanced fat sup-
pressed axial T1W (g) MR images show osteomyelitis (thick arrows), intraosseous abscesses (short arrows), joint effusion with 
synovial enhancement (long thin arrows) and soft tissue abscess (open arrows). Muscular oedema is also shown (stars).
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2. Septic arthritis 
Shoulder is a rare site of septic arthritis in young adults. 
In one study, 18 cases were reported within 18 years 
[26]. Our own experience, excluding cases with total 
joint arthroplasty, is similar, with 5 confirmed cases 
within the last 9 years (unpublished data). However, it 
is becoming more common due to the increased num-
ber of arthroscopic and image-guided interventions [2]. 
Diagnostic injection for arthrography seems not to be 
related with septic arthritis because the injected con-
trast is bacteriostatic [6]. Most of the patients have an 
age of >60 years and usually have underlying system-
ic immunocompromised conditions such as diabetes, 
cirrhosis, neoplasia, leukemia and hypogammaglobuli-
naemia [26]. The presence of RA, gout, OA, intravenous 
drug abuse and steroid therapy are additional predis-
posing factors [6]. The prognosis is directly related to 
early diagnosis in an attempt to prevent complications, 
such as osteomyelitis, secondary OA and extension in 
the periarticular soft tissues [27, 28]. In this respect, im-

age-guided aspiration is important in order to isolate 
the responsible microorganism. It has been suggested 
that patients with culture negative infections, which 
may be seen in up to 47%, do have a better prognosis 
[29]. 

Staphylococcus aureus, which is isolated in about 
40-70% of cases, represents the most common patho-
gen, followed by other Staphylococcus species and 
Gram-negative bacilli [26]. Mycobacterium tubercu-
losis (TB) is another pathogen with low virulence and 
insidious clinical course regarding joint involvement, 
which rarely involves the immunocompetent patients. 
Patients present with fever and malaise with restricted 
motion but in TB arthritis symptoms may be subtle for 
months. Serum CRP and ESR are usually elevated but 
peripheral WBC may be normal [2, 6].

Imaging is not used for diagnosis but rather to ex-
clude other pathologies, to appreciate the extent of the 
disease and to reveal possible complications, such as ab-
scess formation contributing to treatment planning [6]. 

Fig. 6. A 30-year-old female patient with a history of acromioplasty 7 years ago, because of impingement due to os acromiale, 
complains of constant deep dull pain. Axial (a) and oblique sagittal reconstruction (b) CT images show marrow sclerosis and ex-
pansion of the acromion together with the irregular surface (open arrows). Fat suppressed oblique coronal T2W (c) and oblique 
sagittal contrast-enhanced T1W (d) MR images show bone marrow oedema and enhancement (open arrows) and reactive soft 
tissue oedema and enhancement (arrows). Note the remaining os acromiale (thick arrow in b) and susceptibility artefacts (long 
open arrow) due to the previous operation. Chronic sclerosing osteomyelitis was established with biopsy.

a b

c d
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Fig. 7. Hydroxyapatite deposition disease (HADD). Plain radiographs show extensive calcification in the supraspinatus of a 
55-year-old female patient (arrows in a) with significant reduction 22 weeks after US-guided irrigation (arrow in b).  c. A 
42-year-old male patient with supraspinatus calcification (open arrows) and intraosseous extension (arrow). d) Fat suppressed 
MR images. Left, oblique coronal MR image showing round calcification over the infraspinatus tendon (open arrow) with soft 
tissue oedema (arrow) in a 61-year-old female patient. Center, axial MR image in 41-year-old female patient show calcifications 
on the infraspinatus tendon (open arrow) with intraosseous extension (arrow). Right, oblique sagittal MR image in a 28-year-old 
male patient show infraspinatus calcification (open arrow) extending into the bone with surrounding oedema (arrow) and into 
the subdeltoid bursa (thick arrow). e) Classification of calcific deposits based on their sonographic appearance. Left, hard cal-
cifications depicted as two confluent hyperechoic rims (arrows) with posterior acoustic shadowing (asterisks) affecting the su-
praspinatus tendon in a 42-year-old female patient. Center, A 40-year-old female patient presenting with a soft calcification at 
the insertional portion of the supraspinatus tendon, depicted as a well-circumscribed, hyperechoic formation (arrows) without 
posterior shadowing. Right, A 52-year-old female patient with a fluid calcification located in the supraspinatus tendon, charac-
terised by a hypoechoic center (asterisk), surrounded by a thin hyperechoic rim (arrows). S, supraspinatus tendon; HH, humeral 
head; B, biceps tendon.
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Fig. 8. “Milwaukee” shoulder. a. AP radiograph in a 82-year-old female patient showing the remodelling-“amputation” of the 
medial humeral head (arrow). b. Axial CT in a 78-year-old female patient showing the fragmentation of the humeral head (star) 
and multiple chondral and osteonchondral loose bodies (arrows). A 77-year-old female patient with chronic poor function of 
the right shoulder. c. Oblique coronal T1W MR image showing the bone remodelling of the humeral head (short arrow) and the 
large effusion (long arrow). d. Fat suppressed PDW MR image showing effusion (long open arrow), bone remodelling (short open 
arrow), subchondral cysts in the glene (arrows) and bone marrow oedema (arrowhead).

a

c

b

d

Fig. 9. CPPD in a 82-year-old female pa-
tient. AP radiographs in both shoulders 
(a, b) showing soft tissue calcifications 
(short open arrow), subchondral sclero-
sis (open arrows) and condrocalcinosis 
(thin arrows on b). c. Oblique coronal 
fat suppressed T2* MR image showing 
chondrocalcinosis (short open arrow), 
effusion and synovitis (open arrow) and 
small intrabursal calcifications (thin 
arrows).
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In the acute phase of septic arthritis, PR may be normal 
or show non-specific findings such as joint effusion and 
periarticular osteopaenia. As the disease progresses, 
joint space narrowing, marginal erosive changes and 
osteomyelitis of the bones involved become apparent 
(Fig. 5) [2]. US has an evolving role in the overall han-
dling of the disease by showing effusion, non-compress-
ible synovial hypertrophy and often Doppler signal [30]. 
Diagnostic aspiration may be performed on the same 
session. CT shows to better advantage the osteomyeli-
tis complicating septic arthritis (Fig. 5). In addition, 
chronic osteomyelitis is shown with bone expansion 
and osteosclerosis (Fig. 6).

MRI abnormalities in the septic joint have been de-
scribed to be present as early as 24 hours after the on-
set of symptoms [31]. MRI is the imaging modality of 
choice mainly because it allows for early clinical con-
firmation and detection of coexisting osteomyelitis in 
the humerus and/or glenoid, a feature which may raise 
the need for alteration of the therapeutic approach. 
MRI also offers the advantage of depiction of the infec-
tion’s extent in the surrounding soft tissues and safely 
excludes other possible pathologies. Early MRI findings 
are non-specific and include synovial enhancement, 
perisynovial oedema, joint effusion and BME, yet 30% 
of patients with septic arthritis may lack an effusion [2, 
28]. Synovial inflammation, joint effusion and BME are 
better shown on fluid sensitive sequences. T1W and fat 
suppressed contrast-enhanced T1W images are useful 
in the detection of synovitis and osteomyelitis (Fig. 5) 
[27]. Contrast-enhanced images are particularly sensi-
tive in differentiating abscesses from surrounding cel-
lulitis and/or myositis [28]. Persistent foci of fatty signal 
within bone marrow have been suggested to represent 
a frequent finding in acute osteomyelitis [32]. In more 
advanced cases, the synovial inflammation disrupts the 
cartilage and cortical bone, especially of the bare areas 
and causes erosions and JSN, potentially within days 
from the onset of symptoms. None of the above features 
is diagnostic of septic arthritis, although erosions in 
conjunction with BME are highly indicative [2]. MRI can 
be used to monitor the treatment response in proven 
and treated septic arthritis. Reduced size of abscess or 
joint effusion suggest response. Synovial thickness and 
enhancement, periarticular myositis or cellulitis and 
BME may persist for long [29].

In the postoperative setting, MRI has limitations due 

to metal artefacts and determination of active disease 
may be challenging. A variety of technical modifica-
tions, such as the use of STIR instead of spectral fat sup-
pression and smaller voxels, as well as the avoidance of 
gradient echo sequences, can improve the quality of the 
images.

	
3. Crystal-induced arthropathies  
3a. Hydroxyapatite deposition disease
Hydroxyapatite deposition disease (HADD) or calcif-
ic tendinopathy is characterised by the deposition of 
calcium hydroxyapatite crystals in the RC tendons, the 
peritendinous soft-tissues, subacromial-subdeltoid bur-
sa or the underlying humeral head,  giving rise to “in-
traosseous HADD” (Fig. 7) [5, 33-40]. The disease shows 
a preference for the shoulder joint, with supraspinatus 
tendon being the most common location [34, 41, 42]. 
HADD is a common arthropathy affecting mainly wom-
en aged between 30 and 60 years [42, 43]. Although its 
aetiology remains unclear, the calcific depositions seem 
to evolve through three stages, namely the precalcific, 
the calcific (which is further classified into formative 
and resorptive) and finally the postcalcific [34]. Despite 
the usually self-limiting nature of the condition, intense 
and highly disabling pain may occur especially during 
the calcific stage, particularly at the resportive phase. 
PR may detect the presence of calcifications in the soft 
tissues around the humerus with variable shapes and 
sizes (Fig. 7) [35]. Three types have been described: (i) 
type I, well circumscribed and dense, corresponding to 
the formative phase; (ii) type II: well circumscribed and 
inhomogeneous or homogeneous with no defined bor-
der; and type III; translucent and cloudy without sharp 
outline, corresponding to the resorptive phase (Fig. 7) 
[36, 37, 42]. 

On US, the calcium deposits usually appear hypere-
choic with/out posterior acoustic shadowing and var-
ious classifications systems have been proposed [44]. 
Three different calcifications types have been described 
according to the percentage of containing calcium. In 
type I, calcifications appear as hyperechoic foci with 
associated strong acoustic shadowing. Type II calcifica-
tion appears as hyperechoic foci with a mild acoustic 
shadow while type III lesions are depicted isoechoic to 
the tendon and lack acoustic shadow [45]. Type I cor-
responds to the formative phase while type II and III 
calcifications correspond to the resorptive phase [45]. 
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Additionally, the value of colour Doppler in identifying 
lesions in the formative and resorptive phase as well as 
correlation between colour Doppler findings and clini-
cal symptoms has been reported [46]. 		

MRI may show the low signal intensity of the calci-
fications on all pulse sequences. However, lesions may 
remain occult on conventional MRI [47]. In this sce-
nario, susceptibility-weighted imaging may be of val-
ue in identifying calcific deposits with a sensitivity of 
98% and specificity of 96% when compared to radiog-
raphy [40]. Surrounding oedema suggests inflamma-
tion (resorptive phase) [37]. No correlations appear to 
exist with subacromial impingement according to one 
study [48]. MRI is particularly useful for assessing the 
potential intraosseous migration of calcifications, by 
determining connection between the osseous and soft 
tissue calcific component. Thus, clarification versus an 
aggressive neoplastic lesion is usually feasible (Fig. 7) 
[38, 39, 49].		

						    
3b. Milwaukee shoulder 
A specific pattern, resulting from the presence of cal-
cium hydroxyapatite crystals into the GHj, is the “Mil-
waukee shoulder” which leads to rapid destruction of 
the joint [50]. “Milwaukee shoulder” is more prevalent 
in elderly women, often with bilateral involvement 
(>80%) [51]. It presents with pain, limited range of mo-
tion and swelling. PR show soft tissue oedema, JSN, sub-
chondral sclerosis, destruction of the bony structures 
and fragmentation leading to typically large intraar-
ticular loose bodies. Common MRI findings include RC 
tears, marked joint effusion, destruction of the articular 
surfaces with cartilage thinning and subchondral cysts, 
multiple osteochondral loose bodies and synovial pro-
liferation (Fig. 8) [4]. 

3c. Gout
Gout is a common crystalline arthropathy that rarely 
affects the shoulder, usually in the polyarticular disease 
pattern [15]. It primarily affects men in their 5th-7th 
decades of life [4]. Pathogenesis relates to deposition of 
monosodium urate crystals, leading to an inflammato-
ry response which in the acute phase can mimic septic 
arthritis. In the acute phase, radiological findings are 
non-specific, showing soft tissue swelling and joint ef-
fusion. In untreated patients the disease proceeds to 
a chronic phase, with the characteristic presence of 

tophi, which represent bulky monosodium urate depos-
its in subcutaneous, periarticular or intraarticular soft 
tissues [15]. PR in chronic disease show iso- or hyper-
dense soft tissue or intraosseous tophi, new bone for-
mation and paraarticular erosions with overhanging 
edges, with preservation of the joint space [51, 52]. CT 
utilising the dual energy technique with bone algorithm 
and 3D reconstruction, can automatically evaluate the 
amount of urate crystals, detect occult to PR or MRI 
erosions and monitor response to treatment [53]. Thus, 
CT currently has significantly reduced the rate of diag-
nostic aspiration of a joint and has been included in the 
widely used classification system [54]. On MRI tophi are 
of various signal intensity, mostly iso- to hypointense 
on T1W and intermediate to low signal on T2W MR im-
ages. Intravenous contrast administration shows homo-
geneous enhancement [5, 35]. US shows synovitis and 
hyperaemia in the acute phase and hyperechoic crystal 
aggregates of the soft tissues in the chronic phase. A 
gout-specific US finding is the “double contour” sign, 
which shows high specificity (>0.98) for diagnosis [52, 
55, 56]. In conclusion, the intra- and peri-articular in-
flammation matched with the joint space sparing and 
the extraarticular erosions, are suggesting the correct 
diagnosis.

3d. Calcium pyrophosphate deposition or Pseudogout disease
Calcium pyrophosphate deposition disease (CPPD) is 
characterised by deposition of calcium crystals in hy-
aline cartilage, firbocartilage and periarticular soft 
tissues as well as in ligaments and tendons [15]. Chon-
drocalcinosis is seen in about 60% of individuals over 80 
years, better depicted with CT, as incidental findings. 
Thus, “chondrocalcinosis” corresponds to the hyaline 
cartilage and fibrocartilage and soft tissue calcifica-
tion whereas “pyrophosphate arthropathy” (PA) cor-
responds to the osseous and chondral complications 
resulting from the crystal deposition [57]. PA is more 
common in elderly women and may be clinically ex-
pressed with five different patterns, simulating distinct 
disorders [6, 58, 59].

CPPD may affect non weight-bearing joints, mainly in 
elderly patients, is related to OA, primary hyperpara-
thyroidism and haemochromatosis and is commonly 
identified in the shoulder area. The disease’s clinical 
picture is variable and ranges from totally asymptom-
atic to acute flares, when the crystal deposits are re-
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leased into the synovial fluid, causing an inflammatory 
response which can mimic gout, infection and RA. On 
PR and CT, chondrocalcinosis, striated calcifications of 
the tendons, subchondral cysts and sclerosis and con-
siderable JSN are evident (Fig. 9). US findings typical 
for CPPD are synovial inflammation and hyperecho-
ic deposits without acoustic shadowing [55]. MRI may 
miss the crystal deposition unless a T2* sequence is 
used (Fig. 9). 

4. Neuropathic arthropathy  
Neuropathic osteoarthropathy (NA) or Charcot’s ar-
thropathy is a chronic and progressive disorder that 
is related to loss of deep sensation and proprioception, 
secondary to central or peripheral neurologic impair-
ment [32, 50]. It has been described in cases of syring-
ohydromyelia, meningomyelocoele, multiple sclerosis, 
trauma, diabetes mellitus, alcoholism, spinal tumours, 
amyloidosis and repeated corticosteroid injections [7, 
35]. Regarding the shoulder, syringohydromyelia at the 
level of cervical spine, regardless of its primary cause, 
represents a common associated finding being observed 
in 75% of cases [60]. The symptoms are quite variable 
and include reduced range of motion, hypoaesthesia, 
swelling, muscle weakness and pain. Early findings on 

PR resemble OA, which progresses rapidly within days 
or weeks. The atrophic findings are predominant, but in 
advanced cases massive osteolysis is identified, mainly 
on the humeral head but also on the glenoid. Remodel-
ling of the humeral head with sharp “surgical” margins 
at the edge of the resorption is typical for NA, and is 
in contrast with the ill-defined borders that are seen in 
septic arthritis (Fig. 10) [4]. Other radiographic find-
ings characteristic of advanced disease include frag-
mentation of the subchondral bone, intraarticular loose 
bodies, osteophyte formation, subluxation, effusion and 
periarticular fractures [5]. MRI shows degeneration of 
the rotator cuff tendons, joint effusion, BME and ag-
gressive osseous destruction that may mimic malignan-
cy [60, 61]. CT with 3D reconstruction, may show the 
extension of the destructive process (Fig. 10).

5. Avascular necrosis  
The proximal humerus is the 2nd commonest site of 
avascular necrosis (AVN). The aetiology is most of the 
times related to systemic corticosteroid treatment. Al-
cohol abuse, chemotherapy/irradiation, systemic lupus 
erythematosus, pancreatitis, Gaucher’s disease, hae-
matological diseases, extraarticular proximal humeral 
fracture fixation and Caisson’s disease are common rec-

Fig. 10. A 32-year-old man presented right shoulder swelling and severe limitation of range of motion for the last 9 months. a) 
AP radiograph showing humeral head remodelling (open arrows), soft tissue ossification (arrows)  and intraarticular “cloud” 
like loose bodies (arrowheads). Axial bone algorithm (b) and VRT reconstruction (c) showing to better advantage the humeral 
head and glenoid remodeling (open arrows), the ossified lesion within the subdeltoid bursa (arrows) and the intraarticular loose 
bodies (arrowheads). d) Axial fat suppressed PDW MR image showing bursal effusion (arrow) with the ossified lesion (open ar-
row), joint effusion (arrowhead) and necrotic bone debris into the joint (small open arrow). e) Sagittal T2* MR image showing 
extensive syringomyelia (arrows) which resulted in a neuropathic joint.
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ognised causes [5, 62]. In the shoulder area, AVN usually 
is asymptomatic, till collapse or arthrosis occur [62]. On 
PR, AVN of the humeral head in the early stages may be 
occult or appear as arc-like subchondral lucencies and 
sclerosis. As the disease advances, subchondral fracture 
(“crescent” sign) and cortical collapse may be seen, 
without GHj JSN. MRI is the method of choice to detect 
AVN on an early stage by showing the pathognomonic 
serpentine low signal intensity zone on T1-w images, 
known as the “band-like” sign (Fig. 11). The “crescent” 
sign, which on MRI is a subchondral fracture, filled with 
fluid on fat suppressed images, suggests advanced dis-
ease. The presence of surrounding BME suggests articu-
lar surface collapse (Fig. 11).

6. Primary Osteoarthritis
Primary osteoarthritis (OA) of the shoulder is not as com-

mon as OA of the knee or hip which are weight-bearing 
joints. It has a prevalence at about 33% of the popula-
tion older than 60-years-old and shows no predilection 
for dominant or non-dominant site. On PR, primary OA 
is diagnosed with true AP views of the shoulder, show-
ing JSN with preservation of the subacromial space, 
subchondral sclerosis, cystic changes superomedial-
ly and osteophytes [63]. Loose bodies are seen in late 
stages of the disease. The humeral head may become 
flattened and posteriorly decentered forming a “neo-
glenoid” which is seen in axial radiographs as a bicon-
cave glenoid surface [63]. Classification systems of pri-
mary OA are based on humeral osteophytes formation, 
humeral head sphericity and glenoid morphology [64].

6a. Rapidly destructive osteoarthritis 
Rapidly destructive osteoarthritis (RDOA) represents a 

Fig. 11. A 60-year-old, previously healthy patient, presents with left shoulder pain. a) Oblique coronal T1W MR image showing 
the pathognomonic for osteonecrosis low signal intensity serpentine “band-like” sign (arrows). Low signal intensity poorly 
defined area in the metaphysis (open arrow) suggests bone marrow oedema. b) Axial fat suppressed PDW MR image showing 
the subchondral fracture (“crescent” sign) (thin arrows) and bone marrow oedema (open arrow). Oblique coronal T1W (c) and 
fat suppressed PDW (d) MR images 9 years later, with conservative treatment, showing fragmentation of the osteonecrotic area 
(arrows), osteoarthritic changes with joint space narrowing and osteophyte formation in the lower glenohumeral joint (long 
arrow) and small loose bodies in the axillary recess (open arrow). 
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subset of OA which was initially described in the hip joint. 
RDOA may involve the GHj, mostly in elderly women with 
a mean age of 72. In 13% of cases, patients have synchro-
nous hip RDOA [65]. The lack of abnormal WBC count 
and CRP serum levels exclude infection as the underly-
ing cause. The clinical and radiographic manifestation 
of RDOA can be dramatic and pose diagnostic challenge 
because advanced RA, septic arthritis, crystal-induced ar-
thritis and NA may lead to similar imaging findings. The 
original definition of the RDOA in the hip included a joint 

space loss of >50% within 1 year or a rate of joint space loss 
of >2 mm/year. An overlap with the previously described 
HADD-“Milwaukee” shoulder may exist [66]. The major ra-
diological finding is the medial or superomedial flattening 
of the humeral articular surface [67]. Joint effusion, syno-
vitis and BME in the humeral head can also be evident on 
MRI. Late radiological findings consist of destruction of 
the humeral head with intraarticular osseous debris and 
differential diagnosis with NA is required (Fig. 12) [58]. 
The treatment for RDOA is joint replacement [66]. 

Fig. 12. Rapidly destructive osteoarthropathy in a 72-year-old female patient. Axial (a) and oblique coronal  (b) CT image in 
bone algorithm, shows fragmentation of the bony humeral head with some loose bodies located into the joint effusion (arrows).

a b

Fig. 13. Rotator cuff arthropathy. T1W oblique coronal (a) and oblique sagittal (b) MR images showing fatty infiltration of the 
supraspinatus muscle (open arrows) and infraspinatus muscle (long arrow). Subarticular cyst in the upper glene (arrowhead) 
corresponds to osteoarthritis. T1W (c) and 3D-T2* (d) oblique coronal MR images showing the torn and retracted supraspinatus 
tendon (open arrow), osteophyte formation (long arrows) and joint space narrowing (arrowheads). Cephalad migration of the 
humeral head is shown on all coronal images.
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7. Rotator cuff tear arthropathy 
Rotator cuff tear arthropathy (RCTA), first described 
in 1977 by Neer et al., is the result of disruption of the 
stabilising role of the RC in the hyper-mobile GHj. It is 
recognised by three distinct stages: a massive RC tear, 
degenerative joint changes and superior migration of 
the humeral head [68]. A massive tear is defined either 
with a gap of >5 cm or of complete tear of two or more 
tendons [69,70]. These changes inevitably result in insta-
bility of the GHj with superior migration of the humeral 
head leading to secondary OA. This has been described as 
“femoralisation” of the humerus and “acetabularisation” 
of the coracoacromial arch [71]. Imaging findings with 
PR, CT and MRI are those of degenerative OA (Fig. 13). PR 
show the superior migration of the femoral head, osteo-
phytes formation, sybchondral sclerosis, cystic lesions at 
the greater tuberosity and JSN [5]. Radiographically, the 
Hamada classification assesses the distance between the 
acromion and the humeral head for predicting the sever-
ity of RCTA [72]. Muscle atrophy and fatty infiltration can 
be assessed with MRI, using the Goutallier classification 
system. Fatty infiltration of more than 50% favours ar-
throplasty rather than tendon repair [69, 73]. 

8. Miscellaneous  
8a. Capsulorraphy arthropathy 
Capsulorraphy-related arthropathy is defined as the 
secondary OA following a previous surgical operation 
in the shoulder, i.e. RC repair and repair of any kind 

of instability [74]. One of the pathomechanisms is the 
overtightening of the anterior capsule which forces the 
humeral head to sublux posteriorly. Clinical history to-
gether with features of OA typically located at the pos-
terior GHj may imply the correct diagnosis.

8b. Amyloid arthropathy
The main pathogenetic pathway of the disease is the ac-
cumulation of β2-microglobulins in patients undergoing 
chronic haemodialysis. This low molecular weight serum 
protein is not filtered by the dialysis membranes [75]. 
Shoulder is the commonest symptomatic joint, usually 
showing bilateral involvement. The cervical spine is an-
other common location. Patients may present with strik-
ing enlargement of both shoulders, known as the “shoul-
der pad” sign. Amyloid infiltration leads to soft tissue or 
well-defined lytic subchondral bone lesions called amy-
loidomas [35]. The affected bone is susceptible to patho-
logic fractures, which represent a common complication. 
PR show soft tissue swelling, osteopaenia and well-de-
fined osteolytic lesions [35]. The joint space usually is 
spared until late in the disease course. On MRI, soft tissue 
amyloid depositions typically show low to intermediate 
signal intensity on both T1W and T2W images. Thicken-
ing of the RC tendons and synovium and joint and bursal 
effusions represent associated findings [5].  

8c. Pigmented villonodular synovitis 
Pigmented villonodular synovitis (PVNS) is a benign 

Fig. 14. A 55-year-old female patient with proven PVNS. Oblique coronal fat suppressed T2W (a), T1W (b) and fat suppressed 
contrast enhanced T1W (c) MR images show joint effusion with low signal intensity structures in the axillary recess (arrows), 
moderately high signal intensity of the effusion due to blood (open arrow) and synovial enhancement with no enhancement of 
the low signal intensity structures (arrows in c) which correspond to haemosiderin. Supraspinatus tendon tear is also shown in 
a (arrowhead).
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proliferative disorder of the synovium, usually monoar-
ticular, which can be diffuse or focal. In 80% of the cases 
the condition shows a predilection for the knee joint. 
Shoulder represents a very uncommon target, which is 
typically affected in older patients (3rd to 4th decade) 
than in other locations. The hallmark of this disease is 
the haemosiderin accumulation in the synovium, which 
appears thickened and hyperplastic. Early imaging find-
ings on PR include periarticular osteopaenia and soft 
tissue swelling with characteristic preservation of the 
joint space. Juxtaarticular large bone erosions and JSN 
denote advanced disease. On CT erosions may be evi-
dent at an earlier stage. Haemosiderin deposits in the 
synovium may appear of high attenuation on both PR 
and CT. MRI is the imaging modality of choice, showing 
a thickened irregular synovium of low signal intensity 
on both T1W and T2W MR images, areas of fatty tissue 
that represent lipid laden macrophages and preserved 
joint space (Fig. 14) [76]. The low intensity lesions show 
the characteristic blooming artefact on gradient-echo 
images, owing to the paramagnetic properties of hae-
mosiderin [4]. The differential diagnosis includes am-
yloid arthropathy, gout, haemophilia, RA and synovial 

osteochondromatosis [35]. Susceptibility artefacts and 
monoarticular involvement can discriminate PVNS 
from the other disorders [5].

	
8d. Synovial (osteo)chondromatosis
Primary synovial chondromatosis or "Reichel-Jones- 
Henderson" syndrome is a benign monoarthropathy 
characterised by synovial metaplasia and formation of 
multiple chondral or osteochondral loose bodies. Men 
are affected twice more frequently than women. Owing 
to their intraarticular location, loose bodies are associ-
ated with the development of secondary OA due to en-
trapment and friction, although they can also be found 
in bursae and tendon sheaths [4, 77]. The exact path-
omechanism remains unknown. Secondary osteochon-
dromatosis is associated with trauma, OA, AVN and NA, 
and in such cases the intraarticular nodules are less in 
number, larger and of varied size compared to those in 
primary osteochondromatosis [4].

Radiologically, the findings are variable and mirror 
the amount of calcification in the cartilaginous nodules. 
The cardinal feature is the presence of numerous, small, 
well-circumscribed loose bodies into the joint space. Os-

Fig. 15. A 42-year-old male with pain and “clicking” of his left shoulder for the last 8 years. AP radiograph (a) and fat sup-
pressed PDW oblique coronal (b) and axial (c) MR images showing the mutliple osteochondral loose bodies (thick arrows), joint 
effusion, reactive bone marrow oedema (open arrows) and early onset osteoarthritic changes in the lower glenohumeral joint 
(thin arrow). Fat suppressed PDW (d) and T1W (e) oblique sagittal MR images in two different patients showing the osteochon-
dral loose bodies in the subcoracoid bursa and axillary recess (arrows).
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sification of the nodules is present in about 70% to 75%. 
PR in chondromatosis may be normal or show non-spe-
cific findings such as soft tissue lesions that surround 
or even widen the joint. Erosive and early OA changes 
denote advanced disease. In osteochondromatosis, the 
radio opacity of the nodules can easily suggest the di-
agnosis (Fig. 15) [4]. CT may show the loose bodies to 
better advantage. MRI can depict the intraarticular for-
mations, especially in the presence of concomitant joint 
effusion. The signal intensity depends on the degree of 
cortication and presence of mature marrow within the 
chondral bodies (Fig. 15).	

8e. Haemophilic arthropathy
Haemophilic arthropathy (HA) represents a compli-
cation of haemophilia A (classic haemophilia) or hae-
mophilia B (Christmas disease), occurring commonly 
during the 1st or 2nd decade of life. Shoulder is the 4th 
most common site of involvement in HA, after knee, an-
kle and elbow. The pathophysiology involves recurrent 
episodes of intraarticular bleeding, with subsequent 
inflammation, synovial hyperplasia, fibrosis, and iron 
deposition [4]. Radiographic findings are related to the 
stage of the disease, which can be divided in five lev-
els of severity: haemarthrosis, synovial inflammation 
and hyperaemia, chondral erosions and subchondral 
resorption, cartilaginous degeneration and joint dis-
organisation with intraooseous and subperiosteal hae-
morrhage, along with bony proliferation [5]. The PR 
findings depend upon the stage of the disease. Initially, 
there is joint effusion with periarticular osteoporosis. 
Later on, epiphyseal enlargement and joint space nar-
rowing with subchondral cysts are seen. Typically in the 
knee, there is widening of the intercondylar notch and 
flattened condylar surfaces along with squared inferior 

patellar pole. The synovium usually shows low intensi-
ty on MRI, producing also a susceptibility artefact due 
to haemosiderin deposition on gradient echo pulse se-
quences. The subchondral erosive changes may be of 
high (fluid), intermediate (fibrous) or low (haemosider-
in) signal on T2W images [5].

	
Conclusion
In this pictorial essay we highlighted the most common 
arthropathies affecting the shoulder from an imaging 
perspective. In the acute clinical setting, inflammato-
ry, crystal induced arthropathies and infections should 
be initially considered. In patients with chronic symp-
toms, OA, AVN, RC arthropathy and NA are mainly in-
cluded in the differential diagnosis. Familiarity with the 
multi-modality imaging appearance of these entities is 
of utmost importance for achieving a timely and accu-
rate diagnosis. R
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