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Full-Thickness and Partial-
Thickness Supraspinatus
Tendon Tears: Value of US
Signs in Diagnosis’

PURPOSE: To determine which US signs are important in the diagnosis of a
surgically identifiable supraspinatus tendon tear.

MATERIALS AND METHODS: Fifty consecutive ultrasonographic (US) studies of
the shoulder in patients who underwent arthroscopic follow-up were retrospectively
reviewed by a musculoskeletal radiologist. US images of the supraspinatus tendon
were evaluated for tendon nonvisualization, abnormal tendon echogenicity, tendon
thinning, greater tuberosity cortical irregularity, cartilage interface sign, joint fluid,
and subacromial-subdeltoid bursal fluid. US findings were compared with arthro-
scopic results. Sensitivity, specificity, positive predictive value, negative predictive
value, and accuracy were calculated for each US sign in the diagnosis of full-
thickness tendon tear and again for any type of supraspinatus tendon tear.

RESULTS: Arthroscopy revealed 21 full-thickness tears, five bursal surface partial-
thickness tears, 10 articular surface partial-thickness tears, and 14 patients without
tear of the supraspinatus tendon. The presence of greater tuberosity cortical irreg-
ularity and joint fluid was most important in the diagnosis of full-thickness supraspi-
natus tendon tear (sensitivity, 60%; specificity, 100%; positive predictive value,
100%; negative predictive value, 78%; accuracy, 84%). For diagnosis of any type of
supraspinatus tendon tear (partial or full thickness), tendon nonvisualization, greater
tuberosity cortical irregularity, and cartilage interface sign are most important,
although a combination of signs did not improve accuracy.

CONCLUSION: Secondary US signs, such as greater tuberosity cortical irregularity
and joint fluid, are most valuable in the diagnosis of supraspinatus tendon tear.
© RSNA, 2004

Ultrasonography (US) has been established as an effective imaging method in the evalu-
ation of the rotator cuff. Specific US criteria have been used to correctly diagnose rotator
cuff tears (1). These include nonvisualization of the rotator cuff or focal tendon defect to
indicate a full-thickness tear, flattening of the bursal surface to indicate a bursal side
partial-thickness tear, and a distinct hypoechoic or mixed hyper- and hypoechoic defect at
the articular surface to indicate an articular side partial-thickness tendon tear (2). Because
of the difficultly in diagnosing some rotator cuff tears with US, various associated second-
ary signs have been described. These include greater tuberosity cortical irregularity (3,4),
fluid within the subacromial-subdeltoid bursa (5,6), and joint effusion (5,6). The reported
usefulness of each of these signs is variable, and the results are often conflicting.

Relatively less is known about the US appearance of tendinosis. Tendinosis, or tendi-
nopathy, can be defined as tendon degeneration. The term tendinosis is preferred over
tendinitis, because eosinophilic, fibrillar, and mucoid degeneration are present, and acute
inflammation is typically absent (7). Bachman et al (8) demonstrated that supraspinatus
tendon degeneration might appear hypo- or hyperechoic at US. Differentiation from
tendon tear may be difficult, as both tendinosis and tendon tear may appear hypoechoic
and coexist within the same tendon.

The purpose of our study was to determine which US signs are important in the
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a.

Figure 1.

Full-thickness supraspinatus tendon tear. (a) Longitudinal and (b) transverse US images of the supraspinatus tendon show nonvisual-

ization of the distal supraspinatus tendon and dipping of the deltoid muscle (D) into the tendon gap. The hypoechoic area (straight arrows)
immediately superficial to the humeral head could represent tapering of the torn distal supraspinatus tendon, complex fluid, and synovial tissue.
Note cortical irregularity (curved arrow) of the greater tuberosity and preservation of the infraspinatus tendon (IS).

diagnosis of a surgically identifiable su-
praspinatus tendon tear. US images of
the shoulder were retrospectively re-
viewed in patients with arthroscopically
proved diagnoses of full-thickness tear,
partial-thickness tear, and no tear of the
supraspinatus tendon.

MATERIALS AND METHODS

Patients

This study was granted exemption by
our Institutional Review Board for both
approval and patient consent. Sixty-three
consecutive patients who underwent US
examination of the shoulder between
January 1996 and August 1997 were iden-
tified as having undergone shoulder ar-
throscopy by one orthopedic surgeon.
Any subject in whom 300 or more days
passed between US examination and ar-
throscopy was excluded from the study.
This resulted in 50 patients (23 women
and 27 men) with an average age of 50 years
(range, 2777 years). The average time inter-
val between the US examination and ar-
throscopy was 122 days (range, 8—275 days).

The original US examinations were
performed by one of five musculoskeletal
radiologists (J.A.J., M.T.v.H., or J.G.C.)
with 3-12 years experience or one dedi-
cated musculoskeletal US technologist with
2 years experience by using 7.5-10.0-MHz
linear transducers (HDI 3000, Advanced
Technology Laboratories, Bothell, Wash;
5200, Acoustic Imaging, Phoenix, Ariz)
and liberal transmission gel in place of a
standoff pad. US images included, but
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were not limited to, transverse and lon-
gitudinal planes relative to the supraspi-
natus, subscapularis, infraspinatus, and
long head of the biceps brachii tendons.
The US examinations were ordered and
completed as part of the routine clinical
investigation of the shoulder, as deter-
mined by the orthopedic surgeon. Bursos-
copy was performed in conjunction with
the arthroscopic examination for evalua-
tion of the supraspinatus tendon. Su-
praspinatus tendon abnormalities were
described at arthroscopy according to the
Snyder classification (9) as “A” (articular),
“B” (bursal), or “C” (full-thickness or
complete tear). A designation of A or B
was followed by a number, which indi-
cated grade. Grade 0 was classified as nor-
mal, a grade 1 lesion had inflamed syno-
vium and minor (< 1 cm) surface fraying,
a grade 2 lesion had actual fiber disrup-
tion of more than 1 cm but less than 2
cm, a grade 3 lesion had tendon disrup-
tion of 2-3 cm, and a grade 4 lesion had
complex tendon disruption, such as flap
formation and retraction of more than 3
cm (9).

Image Evaluation

One musculoskeletal radiologist (J.A.]J.)
who was unaware of the arthroscopic re-
sults evaluated all available hard-copy US
images of each patient. The supraspina-
tus tendon was evaluated for primary ab-
normalities, such as tendon nonvisual-
ization, abnormal tendon echogenicity
(predominantly anechoic or hypoechoic

relative to normal hyperechoic tendon),
and tendon thinning (flattening or con-
cavity of the normal convex bursal sur-
face). If a focal tendon abnormality was
identified, the margins were character-
ized as either well defined or ill defined,
and the extent of the abnormality was
characterized as intrasubstance, articular,
bursal, or articular surface to bursal sur-
face. The US images were also evaluated
for secondary findings, which included
cortical irregularity of the greater tuber-
osity (loss of the normal, smooth hyper-
echoic surface), the cartilage interface sign
(a thin, markedly hyperechoic line at the
surface of the hypoechoic, hyaline articu-
lar cartilage of the humeral head) (10),
joint fluid (any visible anechoic or hypo-
echoic fluid surrounding the long head of
the biceps brachii tendon), and fluid in the
subacromial-subdeltoid bursa (greater than
2 mm of anechoic or hypoechoic disten-
tion [11], as measured at its point of max-
imum distention from the acromion to
1-3 cm lateral to the greater tuberosity).

Arthroscopy and Statistical
Evaluation

The arthroscopy reports were reviewed
by two of the investigators, and results
were categorized as full-thickness tear,
bursal side partial-thickness tear, articu-
lar side partial-thickness tear, and no ten-
don tear, with respect to the supraspina-
tus tendon. A grade 1 articular or bursal
lesion (minimal fraying and inflamed sy-
novium) was categorized as no tendon
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tear, similar to what has been previously
described in the literature (12). To calcu-
late sensitivity, specificity, positive pre-
dictive value, negative predictive value,
and accuracy for each US sign, the four
categories of possible arthroscopic results
were combined to create two columns or
categories. In the first calculation, the
two categories consisted of full-thickness
tendon tear and partial-thickness tendon
tear or no tear. In the second calculation,
the two categories consisted of full-thick-
ness or partial-thickness tendon tear and
no tear. We calculated 95% CIs (Stata;
StataCorp, College Station, Tex), except
when values were equal to 0% or 100%,
in which case we calculated one-sided
97.5% Cls.

Calculation of sensitivity, specificity,
positive and negative predictive values,
and accuracy was then repeated by using
every possible combination of the four
secondary US signs (greater tuberosity
cortical irregularity, cartilage interface
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Figure 2.

sign, joint fluid, and subacromial-subdel-
toid bursal fluid) and the primary US sign
(tendon flattening). This was calculated
by combining the possible arthroscopic
categories into full-thickness supraspina-
tus tendon tear versus partial-thickness
tear and no tear and both partial- and
full-thickness tendon tear versus no ten-
don tear, similar to what has been men-
tioned previously.

RESULTS

Arthroscopy revealed 21 patients with full-
thickness tears (Figs 1, 2), 10 patients with
articular surface partial-thickness tears
(grade 2 or greater) (Fig 3), five patients
with bursal surface partial-thickness tears
(grade 2 or greater) (Fig 4), and 14 pa-
tients without tendon tears (Figs 5-7).
The occurrence of the primary US signs
for each arthroscopic result is given in
Figure 8. Supraspinatus tendon nonvisu-
alization was present in five (24%) of 21

Full-thickness supraspinatus tendon tear. (a) Longitudinal
and (b) transverse US images of the supraspinatus tendon show abnor-
mal anechoic disruption of the supraspinatus tendon (straight arrows),
which extends from the articular to the bursal surface. Note cortical
irregularity (curved arrow) of the greater tuberosity and the cartilage
interface sign (arrowhead). (c) Longitudinal US image over greater tuber-
osity (GT) shows supraspinatus tendon (S) and anechoic fluid (arrow)
distending the subacromial-subdeltoid bursa. D = deltoid.

patients with full-thickness tears, none
(0%) of five patients with bursal surface
partial-thickness tendon tears, none (0%)
of 10 patients with articular surface par-
tial-thickness tendon tears, and none (0%)
of 14 patients with tendons without tear.
An abnormal hypoechoic area within the
supraspinatus tendon was seen in nine
(56%) of 16 patients with full-thickness
tears where tendon was visible, four (80%)
of five patients with bursal surface partial-
thickness tears, eight (80%) of 10 patients
with articular surface partial-thickness
tears, and 10 (71%) of 14 patients with
tendons without tear. An abnormal an-
echoic area within the supraspinatus ten-
don was seen in seven (44%) of 16 pa-
tients with full-thickness tears, one (20%)
of five patients with bursal surface par-
tial-thickness tears, two (20%) of 10 pa-
tients with articular surface partial-thick-
ness tears, and three (21%) of 14 patients
with tendons without tear.

The margins of a focal tendon abnor-
mality were well defined in seven (44%)
of 16 patients with full-thickness tears,
three (60%) of five patients with bursal
surface partial-thickness tears, two (20%)
of 10 patients with articular surface par-
tial-thickness tears, and four (31%) of 13
patients with tendons without tear. The
margins of a focal tendon abnormality
were ill defined in nine (56%) of 16 pa-
tients with full-thickness tears, two (40%)
of five patients with bursal surface par-

Jacobson et al
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a.

Figure 3. Articular side partial-thickness supraspinatus tendon tear. (a) Longitudinal and (b) transverse US images of the supraspinatus tendon
show focal, well-defined anechoic disruption (between cursors and straight arrows) at the distal articular surface of the supraspinatus tendon (S).
Note cortical irregularity (curved arrow) of the greater tuberosity. D = deltoid.

a.

b.

Figure 4. Bursal side partial-thickness supraspinatus tendon tear. US images (a) longitudinal and (b) transverse to the supraspinatus tendon show
focal, well-defined anechoic disruption (between cursors and straight arrows) of the distal bursal surface of the supraspinatus tendon. The tendon
abnormality extends to the greater tuberosity but does not extend to the articular surface (arrowheads). Note cortical irregularity (curved arrow) of

the greater tuberosity.

tial-thickness tears, eight (80%) of 10 pa-
tients with articular surface partial-thick-
ness tears, and nine (69%) of 13 patients
with tendons without tear.

The extent of a focal supraspinatus ten-
don abnormality was articular surface to
bursal surface in 12 (75%) of 16 patients
with full-thickness tears, one (20%) of five
patients with bursal surface partial-thick-
ness tears, six (60%) of 10 patients with
articular surface partial-thickness tears, and
three (23%) of 13 patients with tendons
without tear. The extent of a focal supraspi-
natus tendon abnormality was articular in
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two (13%) of 16 patients with full-thick-
ness tears, one (20%) of five patients with
bursal surface partial-thickness tears, two
(20%) of 10 patients with articular surface
partial-thickness tears, and five (38%) of 13
patients with tendons without tear. The
extent of a focal supraspinatus tendon ab-
normality was bursal in two (13%) of 16
patients with full-thickness tears, two
(40%) of five patients with bursal surface
partial-thickness tears, none (0%) of 10 pa-
tients with articular surface partial-thick-
ness tears, and three (23%) of 13 patients
with tendons without tear.

The extent of a focal tendon abnormal-
ity was intrasubstance in none (0%) of 16
patients with full-thickness tears, one
(20%) of five patients with bursal surface
partial-thickness tears, two (20%) of 10
patients with articular surface partial-thick-
ness tears, and two (15%) of 13 patients
with tendons without tear.

Supraspinatus tendon thinning was
seen in 15 (71%) of 21 patients with full-
thickness tears, two (40%) of five patients
with bursal surface partial-thickness
tears, three (30%) of 10 patients with ar-
ticular surface partial-thickness tears, and
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a.

Figure 5. No tendon tear. US images (a) longitudinal and (b) transverse to the supraspinatus tendon show ill-defined heterogeneous hypoecho-
genicity (straight arrows), which could represent tendinosis or intrasubstance tear. The anterior aspect of the supraspinatus tendon is of normal
thickness (arrowheads) but appears relatively thin due to the thickened area (curved arrow). Note absence of cortical irregularity of the greater

tuberosity. B = long head of biceps brachii tendon.

a.

b.

Figure 6. No tendon tear. US images (a) longitudinal and (b) transverse to the supraspinatus tendon show diffuse, heterogeneous, and ill-defined
hypoechogenicity (arrows), which could represent tendinosis or intrasubstance tear. Note absence of cortical irregularity of the greater tuberosity

(arrowheads).

two (14%) of 14 patients with tendons
without tear.

The occurrence of the secondary US
signs for each arthroscopic result is given
in Figure 9. Greater tuberosity cortical
irregularity was seen in 18 (86%) of 21
patients with full-thickness tears, two
(40%) of five patients with bursal surface
partial-thickness tears, five (50%) of 10
patients with articular surface partial-
thickness tears, and three (21%) of 14
patients with tendons without tear. De-
piction of a cartilage interface was seen in
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seven (33%) of 21 patients with full-
thickness tears, none (0%) of five patients
with bursal surface partial-thickness tears,
none (0%) of 10 patients with articular
surface partial-thickness tears, and none
(0%) of 14 patients with tendons without
tear. Joint fluid was identified in 13
(65%) of 20 patients with full-thickness
tears, none (0%) of five patients with bur-
sal surface partial-thickness tears, two
(20%) of 10 patients with articular sur-
face partial-thickness tears, and one (7%)
of 14 patients with tendons without tear.

There was one patient with a full-thick-
ness supraspinatus tear in whom the im-
ages did not include the long head of the
biceps brachii tendon; therefore, it was
not possible to evaluate for joint fluid.
Identification of subacromial-subdeltoid
bursal fluid was seen in 13 (68%) of 19
patients with full-thickness tears, one
(20%) of five patients with bursal surface
partial-thickness tears, two (20%) of 10
patients with articular surface partial-
thickness tears, and five (36%) of 14 pa-
tients with tendons without tear. There

Jacobson et al
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were two patients with a full-thickness
supraspinatus tendon tear, in whom the
presence or absence of subacromial-sub-
deltoid fluid could not be assessed.

Sensitivity, specificity, positive and
negative predictive values, and accuracy
for each US sign in the diagnosis of full-
thickness supraspinatus tendon tear ver-
sus other diagnoses (partial-thickness
tendon tear, tendinosis, or no tendon
tear) or any (full- or partial-thickness)
tendon tear were calculated. For the di-
agnosis of full-thickness supraspinatus
tear versus other conditions (partial-
thickness tear or no tear) (Table 1), the
sensitivity, specificity, positive and nega-
tive predictive values, and accuracy for
tendon nonvisualization were 24% (five
of 21), 100% (29 of 29), 100% (five of
five), 64% (29 of 45), and 68% (34 of 50).
Values for hypoechoic abnormality were
56% (nine of 16), 24% (seven of 29), 29%
(nine of 31), 50% (seven of 14), and 36%
(16 of 45). Values for anechoic abnormal-
ity were 44% (seven of 16), 79% (23 of
29), 54% (seven of 13), 72% (23 of 32),
and 67% (30 of 45). Values for tendon
abnormality with well-defined margins
were 44% (seven of 16), 68% (19 of 28),
44% (seven of 16), 68% (19 of 28), and
59% (26 of 44). Values for tendon abnor-
mality with ill-defined margins were 56%
(nine of 16), 32% (nine of 28), 32% (nine
of 28), 56% (nine of 16), and 41% (18 of
44). Values for bursal to articular surface
abnormality were 75% (12 of 16), 64%
(18 of 28), 55% (12 of 22), 82% (18 of 22),
and 68% (30 of 44). Values for articular
surface abnormality were 12% (two of
16), 71% (20 of 28), 20% (two of 10), 59%
(20 of 34), and 50% (22 of 44). Values for
bursal surface abnormality were 12%
(two of 16), 82% (23 of 28), 29% (two of
seven), 62% (23 of 37), and 57% (25 of
44). Values for intrasubstance abnormal-
ity were 0% (zero of 16), 82% (23 of 28),
0% (zero of five), 59% (23 of 39), and
52% (23 of 44). Values for tendon thin-
ning were 71% (15 of 21), 76% (22 of 29),
68% (15 of 22), 79% (22 of 28), and 74%
(37 of 50). Values for cortical irregularity
were 86% (18 of 21), 66% (19 of 29), 64%
(18 of 28), 86% (19 of 22), and 74% (37 of
50). Values for cartilage interface sign
were 33% (seven of 21), 100% (29 of 29),
100% (seven of seven), 67% (29 of 43),
and 72% (36 of 50). Values for joint fluid
were 65% (13 of 20), 90% (26 of 29), 81%
(13 of 16), 79% (26 of 33), and 80% (39 of
49). Values for bursal fluid were 68% (13
of 19), 72% (21 of 29), 62% (13 of 21),
78% (21 of 27), and 71% (34 of 48).

For the diagnosis of any (full- or par-
tial-thickness) supraspinatus tendon tear

Volume 230 - Number 1

Figure 7. Normal supraspinatus tendon. US image longitudinal to
the supraspinatus tendon (S) shows normal hyperechoic fibrillar
echotexture (straight arrows). Note artifactual hypoechogenicity (an-
isotropy) (curved arrow) where the tendon fibers are oblique to the
ultrasound beam. D = deltoid, GT = greater tuberosity.

HWFTT @PTT-bursal

B PTT-articular B No Tear
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Figure 8. Percent occurrence of each primary US sign for each arthroscopic result. FTT =
full-thickness supraspinatus tendon tear, PTT-bursal = bursal side partial-thickness tear, PTT-

articular = articular side partial-thickness tear.

versus no tendon tear (Table 2), the sen-
sitivity, specificity, positive predictive
value, negative predictive value, and ac-
curacy were calculated. Values for absent
tendon were 14% (five of 36), 100% (14
of 14), 100% (five of five), 31% (14 of 45),
and 38% (19 of 50). Values for hypo-
echoic abnormality were 68% (21 of 31),
29% (four of 14), 68% (21 of 31), 29%
(four of 14), and 56% (25 of 45). Values

for anechoic abnormality were 32% (10
of 31), 79% (11 of 14), 77% (10 of 13),
34% (11 of 32), and 47% (21 of 45). Val-
ues for tendon abnormality with well-
defined margins were 39% (12 of 31),
69% (nine of 13), 75% (12 of 16), 32%
(nine of 28), and 48% (21 of 44). Values
for tendon abnormality with ill-defined
margins were 61% (19 of 31), 31% (four
of 13), 68% (19 of 28), 25% (four of 16),
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B FTT B PTT-bursal

PTT-articular

B Tendinosis O Normal

Joint Fluid Bursal Fluid

Figure 9. Percent occurrence of each secondary US sign for each
arthroscopic result. FTT = full-thickness supraspinatus tendon tear,
PTT-bursal = bursal side partial-thickness tear, PTT-articular = artic-

ular side partial-thickness tear.

and 52% (23 of 44). Values for bursal to
articular surface abnormality were 61%
(19 0f 31), 77% (10 of 13), 86% (19 of 22),
45% (10 of 22), and 66% (29 of 44). Val-
ues for articular surface abnormality were
16% (five of 31), 62% (eight of 13), 50%
(five of 10), 24% (eight of 34), and 30%
(13 of 44). Values for bursal surface ab-
normality were 13% (four of 31), 77% (10
of 13), 57% (four of seven), 27% (10 of
37), and 32% (14 of 44). Values for intra-
substance abnormality were 10% (three
of 31), 85% (11 of 13), 60% (three of five),
28% (11 of 39), and 32% (14 of 44). Val-
ues for tendon thinning were 56% (20 of
36), 86% (12 of 14), 91% (20 of 22), 43%
(12 of 28), and 64% (32 of 50). Values for
cortical irregularity were 69% (25 of 36),
79% (11 of 14), 89% (25 of 28), 50% (11
of 22), and 72% (36 of 50). Values for
cartilage interface sign were 19% (seven
of 36), 100% (14 of 14), 100% (seven of
seven), 33% (14 of 43), and 42% (21 of
50). Values for joint fluid were 43% (15 of
35), 93% (13 of 14), 94% (15 of 16), 39%
(13 of 33), and 57% (28 of 49). Values for
bursal fluid were 47% (16 of 34), 64%
(nine of 14), 76% (16 of 21), 33% (nine of
27), and 52% (25 of 27).

The US signs of tendon thinning,
greater tuberosity cortical irregularity,
cartilage interface sign, joint fluid, and
subacromial-subdeltoid bursal fluid were
reevaluated to determine the effect of
combining the US signs. Both tendon
thinning and cortical irregularity of the
greater tuberosity were found in 14 (67%)
of 21 patients, and a combination of ten-
don thinning and joint and bursal fluid
was present in 12 (67%) of 18 patients
with full-thickness supraspinatus tendon
tears; however, cortical irregularity alone
was found in 18 (86%) of 21 patients
with full-thickness tears. As each addi-
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tional US sign was added, the sensitivity
for diagnosis of full-thickness tendon tear
versus diagnosis of another abnormality
(partial-thickness tear or no tendon tear)
decreased. For example, all five US signs
were present in only two (11%) of 18
patients with full-thickness tears. A sim-
ilar finding occurred with the diagnosis
of any type of tendon tear versus no ten-
don tear. With regard to the diagnosis of
full-thickness supraspinatus tendon tear
versus other conditions (partial-thickness
tear or no tendon tear), by simply pairing
any two of the five US signs, the specific-
ity increased to at least 86%; however,
this was still lower than the specificity of
100% that was obtained by using the sin-
gle diagnostic sign of absent tendon or
cartilage interface sign.

In the diagnosis of full-thickness ten-
don tear versus other conditions (partial-
thickness tear, tendinosis, or no tear), we
found the combination of cortical irreg-
ularity of the greater tuberosity and joint
fluid had 60% sensitivity, 100% specific-
ity, 100% positive predictive value, 78%
negative predictive value, and 84% accu-
racy. These results are higher than those
for any single US sign alone. In the diag-
nosis of any type of tendon tear (full or
partial-thickness) versus no tendon tear,
we found the combination of tendon thin-
ning and cortical irregularity of the greater
tuberosity had 47% sensitivity, 93% speci-
ficity, 94% positive predictive value, 41%
negative predictive value, and 60% accu-
racy. The accuracy of combining these US
signs was less than several of the single
primary and secondary US signs (Table 2).

DISCUSSION

With regard to primary US signs in eval-
uation of the supraspinatus tendon, non-

visualization of the supraspinatus tendon
was found in five (24%) of 21 patients
with full-thickness tears and in no pa-
tients with partial-thickness or no ten-
don tear. Tendon nonvisualization is the
single primary US finding that best pre-
dicts full-thickness tendon tear, similar
to what has been described previously
(1). Abnormal hypoechoic or anechoic
areas within the tendon were of limited
value in predicting a tear at arthroscopy
or bursoscopy, as this finding was present
in patients with and those without a ten-
don tear. Most tendon tears were hypo-
echoic with ill-defined margins. The pres-
ence of abnormal hypoechoic (71%) or
anechoic (21%) areas in patients without
tendon tear can be attributed to intrasub-
stance tear or tendinosis not visible at
arthroscopy or bursoscopy. The possibil-
ity of anisotropy as a cause of abnormal
tendon hypoechogenicity is less likely, as
only tendon segments perpendicular to
the ultrasound beam are assessed for ab-
normality, and the individuals acquiring
the US images were experienced in mus-
culoskeletal US and were trained to elim-
inate anisotropy before imaging an area
of low echogenicity. A normal hyper-
echoic tendon was sufficient for exclu-
sion of tendon abnormalities of any kind,
although this was seen in only one pa-
tient. None of our patients had an abnor-
mal hyperechoic area.

With regard to location of a tendon
abnormality, an abnormal hypoechoic or
anechoic area extended from the bursal
to the articular surface in 12 (75%) of 16
patients with full-thickness tears, and the
tendon abnormality was isolated to the
bursal surface in two (40%) of five pa-
tients with bursal side partial-thickness
tears; however, only two (20%) of 10 pa-
tients with articular side partial-thickness
tears had a tendon abnormality isolated
to the articular surface on US images. Sur-
face extension of abnormal tendon echo-
genicity did not allow differentiation be-
tween various tendon tears and no
tendon tear. Tendon thinning was seen
in 15 (71%) of 21 patients with full-thick-
ness tears, two (40%) of five patients with
bursal side partial-thickness tears, three
(30%) of 10 patients with articular side
partial-thickness tears, and two (14%) of
14 patients without tendon tear. The
cause of tendon thinning in these two
patients without tendon tear is uncer-
tain. Intrasubstance tears that produce
tendon thinning may not be depicted at
arthroscopy or bursoscopy. Additionally,
apparent thinning of the supraspinatus
may be encountered if focal hyperechoic
subacromial-subdeltoid bursal thicken-
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TABLE 1
Diagnosis of Full-Thickness Supraspinatus Tendon Tear versus Partial-Thickness Tendon Tear and No Tendon Tear with US
US Findings Sensitivity Specificity Positive Predictive Value Negative Predictive Value Accuracy
Tendon nonvisualization 24 (8, 47) 100 (88, 100) 100 (48, 100) 64 (49, 78) 68 (53, 81)
Echogenicity
Hypoechoic 56 (30, 80) 24 (10, 44) 29 (14, 48) 50(23,77) 36 (22, 51)
Anechoic 44 (20, 70) 79 (60, 92) 54 (25, 81) 72 (53, 86) 67 (51, 80)
Margins
Well defined 44 (20, 70) 68 (48, 84) 44 (20, 70) 68 (48, 84) 59 (43, 74)
Il defined 56 (30, 80) 32(16,52) 32 (16, 52) 56 (30, 80) 41 (26, 57)
Location
Surface to surface 75 (48, 93) 64 (44, 81) 55 (32, 76) 82 (60, 95) 68 (52, 81)
Articular 12 (2, 38) 71 (51, 87) 20 (3, 56) 59 (41, 75) 50 (35, 65)
Bursal 12 (2, 38) 82 (63, 94) 29 (4, 71) 62 (45, 78) 57 (41, 72)
Intrasubstance 0 (0, 21) 82 (63, 94) 0(0, 52) 59 (42, 74) 52 (37, 68)
Tendon thinning 71 (48, 89) 76 (57, 90) 68 (45, 86) 79 (59, 92) 74 (60, 85)
Secondary signs
Cortical irregularity 86 (64, 97) 66 (46, 82) 64 (44, 81) 86 (65, 97) 74 (60, 85)
Cartilage interface 33 (15,57) 100 (88, 100) 100 (59, 100) 67 (51, 81) 72 (58, 84)
Joint fluid 65 (41, 85) 90 (79, 100) 81 (54, 96) 79 (61, 91) 80 (66, 90)
Bursal fluid 68 (43, 87) 72 (53, 87) 62 (38, 82) 78 (58, 91) 71 (56, 83)
Note.—Data are percentages. Values in parentheses are 95% Cls or one-sided 97.5% Cls if value is 0% or 100%.
TABLE 2
Diagnosis of Partial- or Full-Thickness Supraspinatus Tendon Tear versus No Tendon Tear with US
US Findings Sensitivity Specificity Positive Predictive Value Negative Predictive Value Accuracy
Tendon nonvisualization 14 (5, 29) 100 (77, 100) 100 (48, 100) 31 (18, 47) 38 (25, 53)
Echogenicity
Hypoechoic 68 (49, 83) 29 (8, 58) 68 (49, 83) 29 (8, 58) 56 (40, 70)
Anechoic 32(17,51) 79 (49, 95) 77 (46, 95) 34 (19, 53) 47 (32, 62)
Margins
Well defined 39 (22, 58) 69 (39, 91) 75 (48, 93) 32 (16, 52) 48 (32, 63)
Il defined 61 (42, 78) 319, 61) 68 (48, 84) 25(7,52) 52 (37, 68)
Location
Surface to surface 61 (42, 78) 77 (46, 95) 86 (65, 97) 45 (24, 68) 66 (50, 80)
Articular 16 (5, 34) 62 (32, 86) 50 (19, 81) 24 (11, 41) 30 (17, 45)
Bursal 13 (4, 30) 77 (46, 95) 57 (18, 90) 27 (14, 44) 32 (19, 48)
Intrasubstance 10 (2, 26) 85 (55, 98) 60 (15, 95) 28 (15, 45) 32(19, 48)
Tendon thinning 56 (38,72) 86 (57, 98) 91 (71, 99) 43 (24, 63) 64 (49, 77)
Secondary signs
Cortical irregularity 69 (52, 84) 79 (49, 95) 89 (72, 98) 50 (28, 72) 72 (58, 84)
Cartilage interface 19 (8, 36) 100 (77, 100) 100 (59, 100) 33 (19, 49) 42 (28,57)
Joint fluid 43 (26, 61) 93 (78, 100) 94 (70, 100) 39 (23, 58) 57 (42, 71)
Bursal fluid 47 (30, 65) 64 (35, 87) 76 (53,92) 33 (17, 54) 52 (37,67)
Note.—Data are percentages. Values in parentheses are 95% Cls or one-sided 97.5% Cls if value is 0% or 100%.

ing is mistaken for tendon fibers or if the
adjacent tendon is thickened.
Evaluation of the secondary US signs
(greater tuberosity cortical irregularity,
cartilage interface sign, joint fluid, and
subacromial-subdeltoid  bursal fluid)
shows that with the exception of bursal
fluid, each is present more often in pa-
tients with a tendon tear than in patients
with no tendon tear. The presence of any
secondary US sign in the group of pa-
tients without tendon tear at arthroscopy
or bursoscopy may be attributed to intra-
substance tendon tears or degeneration
not visible at arthroscopy or bursoscopy,
as well as shoulder abnormalities not in-
volving the supraspinatus tendon.
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The importance of cortical irregularity
of the greater tuberosity as an indicator
of rotator cuff tears has been debated
(3,4,13). We found cortical irregularity,
as shown with US, to be present in 18
(86%) of 21 patients with full-thickness
supraspinatus tendon tears, two (40%) of
five patients with bursal side partial-
thickness tears, five (50%) of 10 patients
with articular side partial-thickness tears,
and three (21%) of 14 patients without
tendon tear. We found this sign to be
very important, as it had the highest sen-
sitivity and negative predictive value in
the diagnosis of any type of tendon tear.

A thin echogenic line at the interface
of hypoechoic hyaline articular cartilage

of the humeral head and the adjacent
rotator cuff (the cartilage interface sign)
(10) was seen in seven (33%) of 21 pa-
tients with full-thickness tears and was
not seen in patients with any other con-
ditions. This sign had 100% specificity
and 100% positive predictive value in the
diagnosis of full-thickness tendon tear or
any tendon tear; however, sensitivities
remained low. We recognize that a hy-
perechoic interface between the hyaline
cartilage and the overlying rotator cuff
can be depicted normally; therefore, we
acknowledge that this sign is subjective.
A positive cartilage interface sign should
be reserved for patients in whom the in-
terface is markedly hyperechoic. This
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finding is often more conspicuous when
there is hypoechoic or anechoic fluid
overlying the articular cartilage.

Similar to the importance of greater
tuberosity cortical irregularity, the im-
portance of joint fluid and fluid in the
subacromial-subdeltoid bursa as an indi-
cator of rotator cuff tear is debated
(5,6,14,15). We found joint fluid in 13
(65%) of 20 patients with full-thickness
supraspinatus tendon tears, no (0%) of
five patients with bursal side partial-
thickness tears, two (2%) of 10 patients
with articular side partial-thickness tears,
and one (7%) of 14 patients without ten-
don tear. With regard to bursal fluid, this
finding was present in 13 (68%) of 19
patients with full-thickness tendon tears,
one (20%) of five patients with bursal
side partial-thickness tendon tears, two
(20%) of 10 patients with articular side
partial-thickness tendon tears, and five
(36%) of 14 patients without a tendon
tear. The relative high percentage of bur-
sal fluid in these latter patients can be
explained by possible isolated bursitis or
fluid secondary to shoulder impinge-
ment.

In the 14 patients without tendon tear
in this study, 10 (71%) had abnormal
hypoechoic areas, and three (21%) had
abnormal anechoic areas. While the
cause of this abnormal tendon echoge-
nicity is unknown, it is possible that
these findings represent tendinosis; how-
ever, this cannot be confirmed, as arthro-
scopy and bursoscopy are insensitive in
the diagnosis of tendinosis and intrasu-
bstance tendon tears. The relative low
percentage of tendon thinning (14%)
and cortical irregularity (21%) compared
with patients with tendon tears suggests
the majority of these patients have ten-
dinosis. No patients in this study had
abnormal increased areas of tendon
echogenicity, which suggests that this
may not be a prevalent finding in tendi-
nosis.

In the diagnosis of full-thickness su-
praspinatus tendon tear versus other con-
ditions (partial-thickness tendon tear or
no tendon tear), the following conclu-
sions can be made. Cortical irregularity
of the greater tuberosity is the most sen-
sitive US sign (86%). Tendon nonvisual-
ization and cartilage interface sign are
the most specific signs (100%). Tendon
nonvisualization and the cartilage inter-
face sign have the highest positive pre-
dictive values (100%). Greater tuberosity
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cortical irregularity has the highest neg-
ative predictive value (86%), while over-
all, the presence of joint effusion is most
accurate (80%). In other words, no one US
sign is very helpful. We found that a com-
bination of secondary US signs (greater tu-
berosity cortical irregularity and joint
fluid) is, in fact, most helpful (sensitivity,
60%; specificity, 100%; positive predic-
tive value, 100%; negative predictive value,
78%; accuracy, 84%).

In the diagnosis of partial- or full-
thickness supraspinatus tendon tear ver-
sus no tendon tear, greater tuberosity
cortical irregularity is most sensitive
(69%), tendon nonvisualization and car-
tilage interface sign are most specific
(100%) and have the highest positive
predictive values (100%), and greater tu-
berosity irregularity has the highest neg-
ative predictive value (50%) and highest
accuracy (72%). We found that a combi-
nation of US signs did not improve accu-
racy in the detection of full-thickness tear
or any other tear when compared with any
single primary or secondary US sign.

The limitations of this study include
the retrospective review of US images,
which relies on the technique of the in-
dividual performing the US examination
and the diligence of that individual to
document adequately the US findings on
static images. Additionally, it was not
possible to categorize the primary and
secondary US signs as independent obser-
vations, as many of the findings were
present on the same image. Our use of
distention of the long head of the biceps
brachii tendon sheath as an indicator of
joint fluid is another limitation, as it is
possible that not all cases of joint fluid
will distend this tendon sheath, and true
tenosynovitis may simulate joint fluid on
static US images. Selection bias may be
present, as patients with abnormal US
findings may be more likely to undergo
arthroscopy. The use of arthroscopy and
bursoscopy can be viewed as a limitation
as well, as intrasubstance tendon abnor-
malities cannot be diagnosed.

In conclusion, in the diagnosis of full-
thickness supraspinatus tear, the second-
ary US signs of greater tuberosity cortical
irregularity and joint effusion are most
helpful. In the diagnosis of partial-thick-
ness supraspinatus tear, tendon nonvisu-
alization, greater tuberosity cortical irreg-
ularity, and cartilage interface sign are
important, although a combination of
US signs did not improve accuracy.
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