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15.1 Introduction It predominantly affects individuals aged

Calcific tendinitis of the shoulder is a relatively
common, painful disease, estimated to occur in
2.5-7.5% of adults. Although more common in
the right shoulder, at least a 10-25% incidence of
bilaterality has been reported.
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between 40 and 60 years, and 57-76.7% of
patients are women. Calcific tendinitis is charac-
terized by the presence of calcium salt deposits,
primarily hydroxyapatite, in the substance of the
rotator cuff tendons. Most calcification occurs in
the supraspinatus tendon. Calcification is
observed with decreasing frequency in the infra-
spinatus, teres minor, and subscapularis tendons.
More than one tendon may be involved.

The calcific deposit usually is described as
being approximately 1-2 cm proximal to the ten-
don insertion on the greater tuberosity. Calcifying
tendinitis may be an incidental finding in 7.5-20%
of asymptomatic adults, or it may be the cause of
shoulder pain. Symptomatic patients usually pres-
ent with impingement-type pain in the affected
shoulder during overhead activity. Active and pas-
sive range of motion is painful and restricted. The
pain may seem to be out of proportion to any
objective physical findings. The patient may
describe difficulty sleeping on the shoulder and
trouble falling asleep. Symptoms may last for a
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few weeks or a few months. The cause of calcify-
ing tendinitis is not known. It is generally agreed
that it is not caused by trauma, and it rarely is part
of a systemic disease. The pathophysiology of
calcifying tendinitis is controversial, and has been
attributed to cell-mediated calcification and sub-
sequent spontaneous phagocytic resorption.
Based on the pathogenesis of histic hypoxia,
the hypoxic state produces a lack of irrigation of
the “critical area” near the insertion of the tendon
and induces calcified deposits. It is a self-limited
process in which the calcifications tend to resolve
after a period of worsening and intense pain.
Therefore, many cases may resolve spontane-
ously and require no special treatment. Thus, it is
a dynamic process (Fig. 15.1) that evolves
through three distinct stages of the disease pro-
cess: the precalcific stage, characterized by the
asymptomatic change of the tenocytes into chon-
drocytes, and then fibrocartilage; the calcific
stage, which is subdivided into three phases—
Sformation, resting, and resorption; and the post-
calcific stage, characterized by an attempt by the
tendon to self-heal. The formation phase of cal-
cific stage is characterized by deposition of amor-

phous calcium phosphate, and can be relatively
painless. This phase is followed by the resting
phase, which tends to be quiescent and may last
for months to years. The resorptive phase of cal-
cific stage tends to be painful, as calcium crystals
are resorbed, inducing regional neoangiogenesis,
beginning at the margin of the calcium deposit,
and infiltration of phagocytes. The postcalcific
stage, which can be painless, is characterized by
the collagenization of the lesion by fibroblasts.

15.2 Imaging of Calcifying

Tendinitis

The first-line imaging modalities are X-ray and
ultrasound, as calcium deposits are readily identifi-
able on both. The evaluation of calcific tendinitis is
based mainly on radiography. It is cost effective
and useful, not only for determining the presence
of calcium deposits but also for assessing their size,
delineation, and density. Standard radiographic
evaluation of the shoulder should include internal
and external rotation anteroposterior views to help
visualize calcific deposits and their relationship to

Fig. 15.1 Clinic and pathologic evolution scheme of calcific shoulder tendinitis, in accord with Uhthoff stages
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Fig. 15.2 Shoulder calcific tendinitis radiograph. (a)
Shoulder externally rotated X-ray showing supraspinatus
calcific tendinitis; (b) subscapularis calcific tendinitis

landmarks on the humeral head. External rotation
consent to visualize the calcific tendinitis in the
supraspinatus tendon profiles the greater tuberosity
(Fig. 15.2a). Internal rotation of the humerus pro-
files the posterior aspect of the head on the lateral
aspect of the radiograph and the anterior head
medially. Calcification in the infraspinatus tendon
profiles posteriorly on internal rotation (Fig. 15.2b).
Calcification in the subscapularis profiles anteri-
orly on internal rotation (Fig. 15.2b). The regions
most affected by calcific tendinitis are the critical
zone of the supraspinatus tendon (80%), the lower
side of the infraspinatus tendon (15%), and the pre-
insertional part of the subscapularis tendon (5%).
The radiographic appearance of calcific tendi-
nitis is as homogeneous, amorphous densities
without trabeculation, which allows for differen-
tiation from enthesopathic spurs or accessory
ossicles. Most calcifications are ovoid, and mar-
gins may be smooth or ill-defined. Characterizing
the shape and contour of the calcific deposit is
important to classify the pathology, in order to
determine the best possible treatment for the
patient. It is important to be able to reliably pre-
dict the consistency of the deposit and hereby the
stage of the disease by characterizing the radio-
logical image in one of the classification systems
in clinical use at present. Several radiological
classifications have been proposed, based on the
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(arrowhead), with the shoulder internally rotated; also evi-
dent are subtle enthesophytic spurs of infraspinatus ten-
don (arrows)

size or morphology, although none of them guar-
antee sufficient reliability and reproducibility, or
reliable correlation with the radiologic picture and
clinical symptoms. Gértner and Heyer proposed a
radiographic classification based on the morpho-
logical appearance of the calcification, identifying
three types (Fig. 15.3a—c): (I) sharply defined and
dense, (II) ill-defined/dense or sharply defined/
inhomogeneous-less radiodense, and (III) translu-
cent and cloudy appearance with vague border.
Calcifications with a well-defined, homoge-
neous contour are less likely to be symptomatic
and may correlate with the formative or resting
phase. Deposits with fluffy, hazy, ill-defined
edges are often seen in patients with acute pain
and may correlate with the resorptive phase of
calcific tendinitis. Ultrasound is useful in both
detection of rotator cuff calcium deposits and
therapeutic procedures, and is also beneficial in
pre- and postoperative evaluation. Its diagnostic
accuracy has been reported to be similar to that of
magnetic resonance imaging. Calcific plaque
morphology and increased flow on power
Doppler were the most useful ultrasound find-
ings. Ultrasonography could also detect associ-
ated conditions such as rotator cuff tears,
subacromial-subdeltoid bursitis, and long head
of the biceps pathology and allows us to perform
a dynamic evaluation to assess the subacromial



132

G. Martino et al.

T

Fig. 15.3 Shoulder calcific tendinitis radiograph. (a)
Type I calcification is well defined, with dense and homo-
geneous structure; (b) type II calcifications are depicted
from less radiodense calcific deposits, with either sharp or
poorly defined border (as in this case), and homogeneous

impingement. All three of the main rotator cuff
tendons may be involved although the supraspi-
natus is the most common site of calcific depos-
its. Tendon calcifications are visible as echogenic
foci usually accompanied by acoustic shadowing.
With soft deposits the echogenicity may be more
subtle and acoustic shadowing more variable.

Various classifications were proposed for the
calcific plaques based on their location and
appearance on ultrasound. Chiou et al. proposed
a classification of calcific deposits into four
shapes (Fig. 15.4a—d): (1) an arc shape (echo-
genic arc with clear shadowing); (2) a fragmented
or punctate shape (two or more echogenic
plaques), with or without shadowing; (3) a nodu-
lar shape (cloudy echogenic nodule without
shadowing); and (4) a cystic shape (a bold echo-
genic wall with an anechoic area, weak internal
echoes, or layering content).

There is a correlation between the ultrasound
appearance of the calcified deposit, the clinical
symptoms, and the three phases of histopatho-
logical findings of Uhthoff. Besides, there is an
association with color Doppler ultrasonography
of the rotator cuff and the calcific stage/clinical
symptoms. In fact, during the resorptive phase,
the deposits are surrounded by phagocytes and
there was concomitant neoangiogenesis around
the calcification. The combination of ultrasound
and color Doppler appearance predicts more
accurately formative or resorptive stage.

Severe symptoms are associated with non-
arc-shape calcifications, hypervascularity, and
widening of subacromial-subdeltoid bursa, sug-

or inhomogeneous structure; (c¢) type III calcification
appearing as hazy, ill-defined globular area, more or less
transparent in structure, typically seen in acute symptom-
atic patients

gesting resting or resorptive stage (Fig. 15.5).
Identifying the resorptive phase is important for
management as these deposits are nearly liquid
and can be successfully aspirated. MRI is now
not recommended as a first-line imaging modal-
ity, because deposits appear hypointense in all
sequences, and can be missed, even though the
development of new MR sequence such as
susceptibility-weighted imaging (SWI) seemed
to overcome this problem.

15.3 Complications: Subacromial
Bursitis—Bone Involvement

A rare painful complication of calcifying tendini-
tis is the migration of calcium deposits from ten-
dons, wusually the supraspinatus, into the
subacromial-subdeltoid bursa or into the under-
lying bone at the tendon attachment site
(Fig. 15.6). The pathomechanism is still
unknown, but seems to occur in the resorptive
phase of the disease and seems to be mediated by
aggressive inflammatory reaction and hyperemia
at the tendon insertion and by rise of the intraten-
dinous pressure. This can lead to secondary
impingement resulting from the increased tendon
size, and to rupture of the deposits into the sub-
acromial space or into the bursa. Rarely, calcific
tendinopathy eventually causes focal resorption
of adjacent cortical bone, and intraosseous migra-
tion of calcic material might occur. These
complications lead to severe shoulder pain and
functional disability.
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Fig. 15.4 Shoulder calcific tendinitis ultrasound. (a)
Arc-shaped calcification seen as well-defined echogenic
arc with deep acoustic shadowing (arrowheads) (“hard”
calcification within the supraspinatus); (b) fragmented
shape calcification has the appearance of fragmented and
punctate echogenic profile (arrows) with or without (as in

Fig. 15.5 Supraspinatus tendon calcifying tendinitis in
acute resorptive phase. The color Doppler ultrasound
shows hypervascularity in the subdeltoid bursa, distended
by fluid

this case) acoustic shadowing; (c) nodular shape calcifi-
cation that appears as ill-defined cloud-like echogenic
nodule (arrows) without shadowing (“soft” calcification
within the supraspinatus); (d) cystic shape calcification
(white asterisk) appearing as echogenic wall with weak
internal echoes

Fig.15.6 Extratendinous calcification migration scheme:
(a) into the sub-bursal space; (b) into the subacromial—
subdeltoid bursa; (¢) into the sub-insertional bone
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Fig. 15.7 Shoulder extratendinous calcification migra-
tion. (a) Shoulder X-ray showing linear calcified deposit
(arrows), which surrounds the profile of the humeral
trochlea, indicating the location between the tendon and

Calcium deposit migration into the sub-bursal
space or into the subacromial-subdeltoid bursa
appears on radiograph as ill-defined calcifications
in the subacromial space (Fig. 15.7a and b). Often
it is not possible to assess their exact location,
whether intratendinous, sub-bursal, or intrabursal.

Ultrasound examination can visualize their
exact location. Della Valle reported that in cases
of intrabursal penetration of the calcification, at
sonography and MRI examinations, the subacro-
mial-subdeltoid bursa presents thickened walls
and appears filled with inhomogeneous fluid con-
taining calcium and debris (Fig. 15.8).

If the calcific deposit has migrated into the
sub-insertional bone, standard radiographs show
focal erosions of the humeral head and a rounded
sclerotic intraosseous lesion in the greater tuber-
osity (Fig. 15.9), which could be mistaken for
malignancy or infection.

Ultrasound depicts intratendinous hyper-
echoic focal amorphous calcification adjacent to
focal bone erosions of the greater tuberosity and
intraosseous calcification migration (Fig. 15.10).

the bursa; (b) shoulder externally rotated X-ray clearly
showing supraspinatus calcific tendinitis, and migration
of calcific deposits into the subacromial-subdeltoid bursa
(arrowheads)

Fig. 15.8 Shoulder extratendinous calcification migra-
tion. Bursal extrusion, showing complex fluid with calci-
fication inside the bursa, which presents thick walls.
Calcifications appear as cloud-like echogenic nodules
(asterisk) or minute scattered fragments (arrows)

MRI and CT are considered the best methods
to demonstrate the involvement of bone marrow
in calcific tendinopathy. CT is the gold standard
imaging modality to depict cortical erosion of the
humeral head and a rounded well-defined lytic
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Fig. 15.9 Shoulder extratendinous calcification migra-
tion. Radiograph shows amorphous calcifications in the
subacromial space and cortical erosion, with an underly-
ing ovoid sclerotic lesion in the greater tuberosity
(arrowheads)
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Fig. 15.10 Shoulder extratendinous calcification migra-
tion. Ultrasonography in the long axis of the supraspinatus
tendon showing intratendinous calcification (arrows)
associated with focal bone erosion and intraosseous calci-

fication migration (arrowheads). Sonogram shows
anechoic fluid within enlarged subacromial-subdeltoid
bursa (white asterisk)

area located in the greater tuberosity (Fig. 15.11);
it can also detect calcium deposit in its intraosse-
ous location. MRI shows a cystic lesion in the
greater tuberosity and humeral osteitis related to
typical reactive bone marrow edema surrounding
the lytic lesion (Fig. 15.12).

Fig. 15.11 Shoulder extratendinous calcification migra-
tion. Axial CT shows the subscapularis calcium deposit
migration into the sub-insertional bone. The arrow indi-
cates calcification, and the arrowhead indicates the sub-
cortical bone migration in the lesser tuberosity. Courtesy
of Prof. L.M. Sconfienza

_

Fig. 15.12 Shoulder extratendinous calcification migra-
tion. Coronal T2-weighted sequence shows low signal
intensity of the ovoid lesion in the greater tuberosity in
keeping with sclerosis (arrowheads). There is a superficial
focus of fluid signal (white arrow) traversing the region of
cortical erosion. I1l-defined hyperintensity consistent with
marrow edema (black arrows) surrounds the lesion
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