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ABSTRACT

Objective. To identify sonographically
the site and entity of alterations in a
high number of patients with shoulder
pain.

Methods. Two different experienced
operators (both rheumatol ogists), who
were blinded to the clinical data, per

formed sonographic examinations on
528 shoulders of 425 consecutive pa-
tients with painful shoulder and in both
shoulders of 198 control subjects. They
carried out ultrasound examinations
separately using a 7.5 MHz linear
transducer. Investigation included the
long head of the biceps tendon, the
supraspinatus tendon, infraspinatus
tendon, subscapularis tendon, acromio -
clavicular joint, glenohumeral joint,

subacromial-subdeltoid bursa, sub -
scapularis bursa, and finally identifica -
tion of calcifications. Before the ultra -
sonographic exam, a third experienced
rheumatologist performed a physical

examination in all patients using spe -
cific tests of movement for evaluation
of the long head of biceps tendon, the
supraspinatus tendon, infraspinatus
tendon, subscapularis tendon, and
acromioclavicular joint.

Results. Sonographic alter ations were
found in a total of 94.1% of patients.

The structure most frequently involved
was the supraspinatus tendon (64.6%).

The long head of the biceps tendon
(48.1%) and the acromioclavicular

joint (51.5%) were also frequently
involved. Different types of alterations
in the various structures were detected.

Sgnificant differences were found with

respect to controls. A high sensitivity
and specificity of sonography was
demonstrated compared to physical

examination.

Conclusions. Sonography evaluates
accurately the single anatomic struc -
tures of the shoulder and identifies both
the site and type of changes in patients
with painful shoulder. The high sens -
tivity/specificity, non-invasiveness and
low costs of this technique justify its
routine utilisation in clinical rheumato -
logical practice.

Introduction
Shoulder pain may be related to differ-
ent diseases (1,2). Due to the complex
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anatomy of the shoulder, however, itis
often difficult to identify and assess the
alterations from a physical examination
(3). Many clinical tests may be used,
but they have low accuracy compared
to ultrasound (4). Recent improvements
in ultrasound technology have led to a
higher sensitivity and accuracy of mus
culoskeletal sonography. Consequent-
ly, it is presently considered an increas
ingly reliable method for the evaluation
of shoulder changes (5-10).

The aim of this study was to identify
sonographically the alterations in a
large number of patients with painful
shoulder. The sensitivity and specificity
of the sonographic examination was
calculated in comparison to physical
examination. Previous studies have
assessed the involvement of the shoul-
der in different diseases, but as far as
we know they were limited to smaller
groups of patients and controls (5-11).
A larger cohort of patients was eval uat-
ed by Hedtmann et al., but their study
was limited to patients with pathology
of the subacromial space (12).

Materials and methods

Patients and controls

Sonography of the shoulder was per-
formed in 425 patients (282 women and
143 men; mean age 57.9 years, range
18-90; mean symptom duration 5.3
months, range 1-19) who were consec-
utively referred to our rheumatology
unit. Shoulder pain was related to dif-
ferent rheumatic disorders. 228 patients
had clinically diagnosed periarticular
disorders of the soft tissues of the shoul-
der, 13 had RA, 10 seronegative spondy-
loartritis, 14 osteoarthritis, 15 previous
trauma, 5 chondrocalcinosis, 6 SLE,
and 3 systemic sclerosis. In 131 patients
no clinical diagnosis had yet been
made. In 103 cases bilateral involve-
ment was present. For this reason a
total of 528 shoulders were studied.

No treatment was being taken by 121
patients, 182 were taking analgesics
and 122 NSAIDs.

In addition, both shoulders of 198 con-
trol subjects (109 women and 89 men;
mean age 56.3 years; range 47-78)
were examined. They had been referred
to our unit either for knee or foot osteo-
arthritis and none of them had at the
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time of the study or previously any
episodes of painful shoulder.

Physical examination

Few days before the sonographic assess-
ment an experienced rheumatologist
performed the following tests (2):
Speed’s test (resisted flexion of the
shoulder with the elbow extended and
the palm upwards) for the long head of
the biceps tendon; resisted abduction
(with the arm abducted to 90°, flexed to
30° and internally rotated) for the
supraspinatus tendon; resisted external
rotation for the infraspinatus tendon;
resisted internal rotation for the sub-
scapularis tendon; and the adduction
stress test (with the elbow and shoulder
extended and then passively adducted
across behind the back) for the acromio-
clavicular joint.

Sonography

Using a combination of reported tech-
niques (4, 7,11-13) sonography was
performed by 2 operators (both rheuma-
tologists and experienced in sonogra-
phy) who were blinded to the clinical
data and carried out the exams sepa
rately. A 7.5 MHz linear transducers
was used. Ultrasound examinations
were repeated twice by each operator
and no significant intra-observer (intra-
class correlation coefficient 0.81-0.93,
p < 0.0001) or inter-observer variability
was found (intra-class correlation coef-
ficient 0.82, p < 0.0001). Investigations
included: the long head of the biceps
tendon; the supraspinatus, infraspina
tus, and subscapularis tendons; the sub-
acromial-subdeltoid and subscapularis
bursae; the glenohumeral and acromio-
clavicular joints; and identification of
calcifications.

Tendon thickness, homogeneity of the
fibrillar pattern and regularity of the
margins were studied. Thinning and the
appearance of a hypoechoic areawithin
the tendon were considered to be asign
of partia rupture of the fibres (1, 6, 8-
10). Thickening, usualy associated with
tendon hypoechogenicity, was inter-
preted as a sign of tendinitis (1,4). Var-
iations in tendon thickness were evalu-
ated with respect to either the contral at-
era tendon or to the tendons of healthy
subjects, when bilateral involvement
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was present. Normal thickness of the
supraspinatus tendon was considered to
be 6 mm with an SD of 1.1 mm (10).
Variations were considered significant
when they were at least 1/3 of the nor-
mal tendon thickness (10).

The appearance of a hypoechoic dis
continuity within the tendons' fibrillar
pattern (1,6, 9) was interpreted as atear
(full-thickness tear: a defect extending
through the entire tendon; partial thick-
nesstear: defect limited to a part of its
thickness). Non-visuaisation of the ten-
don was also considered a sign of full-
thickness tear (10). Diffuse hypoe-
chogenicity with the absence of afibril-
lar pattern and/or irregularity of the
margins were interpreted as a sign of
tendinitis/'tendinosis (1, 8). With regard
to the long head of the biceps tendon,
an empty bicipital grove with identifi-
cation of the displaced tendon in the
surrounding area was interpreted as
tendon subluxation (4, 8); the appear-
ance of a hypo-anechoic area around
the tendon and within its sheath >2 mm
was considered as asign of tenosynovi-
tis(1, 4, 8, 10).

Involvement of the bursae was identi-
fied when accumulation of hypo-ane-
choic fluid appeared within them with
thickening > 2 mm (4, 10).

Effusion within the acromioclavicular
joint was considered to be present
when hypo-anechoic fluid accumula-
tion distending the joint capsule was
demonstrated within the joint cavity
(2). Irregularities of the bone surfaces
were detected on the basis of disconti-
nuities (13).

Effusion within the glenchumeral joint
was considered to be present when on
transaxillar scan hypo-anechoic fluid
was found in the joint cavity and the

bone surface-joint capsul e distance was
>3.5mm (11).

Calcifications were identified when a
hyperechoic area, with a possible pos-
terior shadow, was found (4).

Satigtical analysis

Data were analysed with the Statistical
Package for the Social Sciences (SPSS,
SPSS Inc software, Chicago, IL, USA).
Statistical analysis was performed using
the c2test. A p value < 0.05 was con-
sidered to be statistically significant. A
2 x 2 table was used to assess the sensi-
tivity and specificity of sonography
with respect to the physical examina
tion.

Results

The results are reported in Tables|, |1
and 1.

The Speed’s test was positive in 223
shoulders (42.2%), resisted abduction
in 196 (37.1%), resisted external rota-
tion in 69 (13.1%), resisted interna rota-
tion in 18 (3.4%), and the adduction
stresstest in 61 (11.5%).

Sonography showed the presence of
aterationsin 400 patient (94.1%).
Alterations of the long head of the
bi ceps tendon were found in 254 shoul -
ders (48.1%; p<0.0001). Peritendinous
effusion was found in 41.5% (p<
0.0001; Fig. 1), echotexture changesin
8.5% (p < 0.0001), tears in 0.9% (p <
0.049); thickening in 0.2% (n.s.); and
thinning in 0.6% (n.s.).

The supraspinatus tendon was involved
in 314 cases (64.6%; p < 0.0001). Ten-
don thickening was found in 4.0% (p <
0.0001), thinning in 8.3% (p < 0.0001),
tears (Fig. 2) in 2.3% (p < 0.0001), and
echotexture changes in 49.4% (p<
0.0001). The infraspinatus tendon was

Table|. Sonographic findings showing involvement of the various structures of the shoul -

der girdle in patients and controls.

Cases (n=528) Controls (n=396) p vaue
Long head of the biceps tendon 254 (48.1%) 8 (2.0%) < 0.0001
Supraspinatus tendon 314 (64.6%) 15 (3.8%) < 0.0001
Infraspinatus tendon 89 (16.8%) 1 (0.25%) < 0.0001
Subscapularis tendon 23 (4.3%) 0 (0.0%) < 0.0001
Acromioclavicular joint 270 (51.5%) 11 (2.8%) < 0.0001
Glenohumeral joint 59 (11.2%) 0 (0.0%) < 0.0001
Bursae 85 (16.1%) 0 (0.0%) < 0.0001
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TableI1. Sonographic findings with the spectrum of the specific alterations among the various anatomic structures of the shoulder.
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Alterations Cases (n=528) Controls (n=396) p value
Long head of the biceps tendon Effusion 219 (41.5%) 0 (0.0%) < 0.0001
Thickening 1 (0.2%) 0 (0.0%) ns.
Thinning 3 (0.6%) 0 (0.0%) ns.
Tears 5 (0.9%) 0 (0.0%) <0.049
Subluxation 0 (0.0%) 0 (0.0%) n.s.
Echotexture changes* 45 (8.5%) 8 (2.1%) < 0.0001
Supraspinatus tendon Thickening 21 (4.0%) 1 (0.2%) <0.0001
Thinning 44 (8.3%) 3 (0.7%) < 0.0001
Tears 12 (2.3%) 0 (0.0%) < 0.0001
Echotexture changes* 261 (49.4%) 12 (3.0%) < 0.0001
Infraspinutus tendon Thickening 3 (0.6%) 0 (0.0%) n.s.
Thinning 10 (1.9%) 0 (0.0%) <0.005
Tears 3 (0.6%) 0 (0.0%) ns.
Echotexture changes* 77 (13.2%) 3 (0.7%) < 0.0001
Subscapularis tendon Thickening 5 (0.9%) 0 (0.0%) <0.049
Thinning 2 (0.4%) 0 (0.0%) n.s.
Tears 0 (0.0%) 0 (0.0%) n.s.
Echotexture changes* 21 (4.0%) 1 (0.25%) < 0.0001
Acromioclavicular joint Irregularity 161 (30.5%) 9 (1.7%) < 0.0001
Effusion 142 (26.9%) 2 (0.5%) < 0.0001
Glenohumeral joint Effusion 59 (11.2%) 0 (0.0%) <0.0001
Subacromial-subdeltoid bursa Effusion 43 (8.1%) 0 (0.0%) < 0.0001
Subscapularis bursa Effusion 42 (7.9%) 0 (0.0%) < 0.0001
All tendons Calcifications 38 (7.2%) 2 (0.5%) < 0.0001

* The term includes changes in both the homogeneity of the tendon fibrillar pattern and the regul arity of their margins.

surfaces in 30.5% (p < 0.0001). Effu-
sion within glenohumeral joint was
reveaed in 59 cases (11.2%; p< 0.0001).
Fluid collection within the subacromi-
al-subdeltoid bursa (Fig. 3) was present
in 43 shoulders (8.1%; p < 0.0001) and

Tablelll. Involvement of the various anatomic structures of the shoulder girdle. Compari-
son between sonographic findings and physical examination.

Physical examination Sonography

Specificity (%)

Sensitivity (%)

Long head of the biceps tendon 223 (42.2%) 254 (48.1%) effusion in the subscapularis bursa in
(Speed's test) 86.5 80 42 cases (7.9%; p<0.0001). Finally, cal-
cifications were revealed in a total of
Supraspinaus tendon 196 (37.1%) 314 (59.5%) 38 shoulders (7 2%; p<0 0001)
isted abduction test . o NP
(red uctiontes) 944 388 Comparison between the findings of
Infraspinatus tendon 69 (13.1%) 89 (16.8%) physical examination and sonography
(resisted external rotation) g, 5 945 showed that the sensitivity of ultra
i ' sound was good for alterations of the
Subscapularis tendon - 18(34%) 23 (4.3%) acromioclavicular joint, and supraspina-
(resisted internal rotation) g, 4 98.8 tus, infraspinatus, and subscapularis
tendons, and fairly good for changes of
Acromioclavicular joint 61 (11.5%) 270 (51.1%) the long head of the biceps tendon
(adduction stress test) 934 54 '

Specificity was very high for alter-
ations of the subscapularis tendon, high
for changes of the infraspinatus tendon,

involved in 89 shoulders (16.8%; p<
0.0001). Echotexture changes were
present in 13.2% (p < 0.0001), thinning
in1.9% (p < 0.005), thickening in 0.6%
(n.s.), and tearsin 0.6% (n.s.). The sub-
scapularis tendon was involved in 23
cases (4.3%; p<0.0001). Echotexture

changes were found in 4.0% (p<
0.0001), thickening in 0.9% (p < 0.049),
and thinning in 0.4% (n.s.).

The acromioclavicular joint was in-
volved in 270 joints (51.5%; p< 0.0001).
Effusion was found in 26.9% (p<
0.0001) and irregularities of the bone
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and low for alterations of the acromio-
clavicular joint, supraspinatus and long
head of biceps tendons.

Discussion
Different anatomic structures may be
involved in painful shoulder and many
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Fig. 1. Transverse scan of the long head of the
biceps tendon. Evidence of hypoechoaic fluid col-
lection ([0) surrounding the hyperechoic tendon.
e Deltoid muscle.

Fig. 3. Fluid collection (m) within the subacr o-
mial bursa.

clinical tests are usually performed (1-
3). Nevertheless, the differential diag-
nosisis often difficult and alower accu-
racy of physical examination compared
with ultrasound has been reported (4).
In the present study, based on a large
number of patients, the greater sensitiv-
ity of ultrasound in comparison to
physical examination was demonstrat-
ed for al the anatomic structures of the
girdle. Specificity was high for the sub-
scapularis and the infraspinatus ten-
dons.

These findings confirm the importance
of ultrasound in the clinica practice
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and provide a demonstration that sono-
graphy is a valuable method for the
assessment shoulder pathology. Many
studies have been published regarding
the ultrasonographic detection of
shoulder alterations, but they have been
limited either to small groups of patients
(5, 7, 11, 12), to the assessment of sin-
glestructures(7-9, 11-13), or to the eval-
uation of specific disorders (14, 15).
Asfar aswe knaw, thisisthefirst study
evaluating a large cohort of patients
with painful shoulder versus controls,
examining most of the anatomic struc-
tures of the girdle, and comparing
ultrasound with physical examination.
The rotator cuff tendons were found to
be frequently involved and the entire
spectrum of alterations detectable by
sonography were found. Changesin the
fibrillar pattern and the tendons mar-
gins were present more often than the
other alterations, demonstrating the
possible presence of either inflammato-
ry or degenerative processes and con-
firming multifactoria aetiology of the
disease in therotator cuff (1,3). Among
the rotator cuff tendons, the anatomic
structure most commonly involved was
the supraspinatus tendon and this find-
ing confirms the important role of that
structure in the functional integrity of
the girdle, which makes it particularly
susceptible to damage and injury (3).
Alterations in the long head of the bi-
ceps tendons were found in a high per-
centage of cases and tenosynovitis was
the most frequent manifestation. That
finding may be due either to a local
inflammatory process or to the sec-
ondary production of fluid caused by
other soft tissues abnormalities (1, 13).
Changes in the acromioclavicular joint
were often found, with the presence of
both inflammatory and degenerative
changes. Those findings demonstrate the
presence of various possible mecha
nisms in the pathology of that joint.
The rarer involvement of glenohumeral
joint could be due to the limited num-
ber of subjects with synovitis. Calcifi-
cations were found in alow percentage
of cases and this was probably a result
of the short duration of the symptomsin
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our cohort of patients.

In conclusion, the high sensitivity and
specificity, non-invasiveness and low
costs of sonography justify its routine
utilisation for the assessment of painful
shoulder in clinical rheumatological
practice.
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