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Abstract
Objective To compare the diagnostic value of indirect
magnetic resonance arthrography (I-MRA) with that of
direct MR arthrography (D-MRA) for labral tears, rotator
cuff tears, and long head of biceps tendon (LHBT) tears
using a 3-T MR unit.
Materials and methods Institutional review board approval
was given; written informed consent was obtained from all
patients. From November 2005 to June 2006, 19 patients
(eight men and 11 women; mean age, 51 years) who had
undergone both I-MRA and D-MRA underwent arthroscopic
surgery. Both methods were performed in fat-saturated axial,
coronal oblique, and sagittal oblique T1-weighted sequences,
as well as axial and coronal oblique T2-weighted sequences.
Two radiologists independently and retrospectively evaluated
two sets of MRA for the diagnosis of superior and anterior
labral tears, subscapularis tendon (SSC), and supraspinatus–
infraspinatus tendon (SSP–ISP) tears, and LHBT tears. With

the arthroscopic finding as a gold standard, we analyzed
statistical differences of sensitivities and specificities between
two sets of MRA and inter-observer agreement was evaluated
using the kappa value.
Results The sensitivity and specificity of I-MRA and D-
MRA for reader 1 were 79/80% and 71/80%, respectively,
for superior labral tears; 100/100% and 100/100%, respec-
tively, for anterior labral tears; 64/75% and 64/100%,
respectively, for SSC tears; 100/86% and 100/100%,
respectively, for SSP–ISP tears; and 67/100% and 78/
100%, respectively, for LHBT tears. Those of I-MRA and
D-MRA for reader 2 were 86/80% and 71/100%, respec-
tively, for superior labral tears; 100/83% and 100/100%,
respectively, for anterior labral tears; 64/88% and 82/100%,
respectively, for SSC tears; 92/86% and 100/100%, respec-
tively, for SSP–ISP tears; and 78/90% and 89/100%,
respectively, for LHBT tears. No significant differences were
found between the methods. Inter-observer agreements were
higher than moderate (κ>0.41) with both methods.
Conclusions Based on a relatively small number of patients,
no significant difference was detected between I-MRI and D-
MRI with regard rotator cuff, labral, and LHBT tears.
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Introduction

Direct magnetic resonance arthrography (D-MRA) of the
shoulder has beenwidely used to evaluate abnormalities of the
labroligamentous complex and rotator cuff [1–7]. However,
this method is mildly invasive as it exposes patients to
ionizing radiation with intra-articular needle placement for
joint injection using fluoroscopic guidance [8]. Also, it
requires the coordination of scheduling two procedure
rooms, which becomes impractical if the fluoroscopy suite
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is distant from the MRI scanner [8]. It has been shown that
the intravenous administration of gadopentetate dimeglumine
enhances the joint cavity and thus indirectly produces an
arthrographic effect [9–11]. This technique, which is known
as indirect MRA (I-MRA), was proposed as a practical
alternative to D-MRA [10]. However, to our knowledge,
there are no studies in the literature regarding the diagnostic
accuracy of labral lesions, rotator cuff tears, and long head of
biceps tendon (LHBT) tears using I-MRA compared to D-
MRA. The purpose of our study was to compare the
diagnostic accuracy of I-MRA to D-MRA with respect to
anterior and superior labral tears, subscapularis (SSC) tears,
supra- and infraspinatus complex (SSP–ISP) tears, and
LHBT tears on a 3-T MR unit.

Materials and methods

Patients

The institutional review board approved this study protocol,
and written informed consent was obtained from all
patients. From November 2005 to June 2006, 19 symptom-
atic patients who had undergone D-MRA and planned to
undergo arthroscopic surgery of the ipsilateral shoulder at
our institution were enrolled in this study. None of the
patients had previously undergone surgery on the symp-
tomatic shoulder. All patients underwent I-MRA 1 day
before arthroscopic surgery to compare the diagnostic
accuracy of I-MRA to D-MRA in the diagnosis of superior
and anterior labral tears, SSC tears, SSP–ISP tears, and
LHBT tears. D-MRA was performed within 190 days of
arthroscopic surgery (mean time interval, 78 days). The
patient group included eight men (age range, 25–71 years;
mean age, 48.6 years) and 11 women (age range, 27–
77 years; mean age, 56.0 years). Five patients presented
with recurrent shoulder dislocation, and the remaining 14
patients presented with shoulder pain and motion limitation.

MR imaging protocol

According to the clinical standard protocol of D-MRA,
joint injection was performed using an anterior approach
with fluoroscopic guidance by the radiologists. A 23-gauge
spinal needle was placed in the glenohumeral joint, and 1–
3 cc of iohexol (Omnipaque 300 mg/ml, Amersham Health
AS, Oslo, Norway) was used to verify the intra-articular
injection. A maximum of 15 ml of gadobutrol (Gadovist;
Schering AG, Berlin, Germany) at a concentration of
1.0 mol/l diluted 1:250 in normal saline was injected. MR
imaging was initiated within 60 min of the intra-articular
injection. I-MRAwas initiated after intravenous gadolinium
injection of gadobutrol (Gadovist; Schering AG, Berlin,

Germany; 0.1 mmol/kg body weight) into an antecubital
vein. Immediately after the injection of contrast material,
patients were instructed to move their shoulder for 15 min.

Both I-MRA and D-MRA were obtained using the
following imaging parameters. Fat-suppressed T1-weighted
fast spin-echo sequences were obtained in the axial plane
(repetition time/echo time [TR/TE], 434–565/18–24 ms;
section thickness, 3 mm; field of view [FOV], 15 cm; matrix
size, 224/224) and the coronal oblique plane, parallel to the
long axis of the supraspinatus tendon (TR/TE, 434–565/20–
24ms; section thickness, 3 mm; FOV, 15 cm; matrix size, 224/
224) and in the sagittal oblique plane, perpendicular to the
long axis of the supraspinatus tendon (TR/TE, 434–561/18–
24ms; section thickness, 4 mm; FOV, 15 cm; matrix size, 224/
224). T2-weighted fast spin-echo sequences were obtained in
the axial plane (TR/TE, 2,868–3,184/80ms; section thickness,
3 mm; FOV, 15 cm; matrix size, 224/224) and the coronal
oblique plane (TR/TE, 2,661–2,906/80 ms; section thickness,
3 mm; FOV, 15 cm; matrix size, 256/256). The total scan time
was 16 min and 40 s.

Analysis of MR images

MR images were independently and retrospectively analyzed
by an experienced musculoskeletal radiologist (Y.C.Y, with
6 years of experience in musculoskeletal MR imaging) and a
fellowship-trained musculoskeletal radiologist (J.Y.J, with
1 year and 6 months of experience in musculoskeletal MR
imaging) who were blind to the arthroscopy results. The two
readers evaluated two sets of MRAs in 2-week intervals.
Images were presented in random order at each reading
session and evaluated using a picture archiving and commu-
nication system (Centricity Radiology RA 1000; General
Electric Healthcare, Chicago, IL, USA). The presence or
absence of superior and anterior labral tears, SSC tears, SSP–
ISP tears, and LHBT tears on all MR images was evaluated.

The MR arthrographic findings of the SSP–ISP and the
SSC tendon were classified as no tear, full-thickness tear, or
partial-thickness tear. A full-thickness tear was diagnosed if
there was high signal intensity involving the entire
thickness and tendinous discontinuity with or without
retraction of the musculotendinous junction on both T1-
and T2-weighted images [1, 12]. A partial-thickness tear of
the tendon was diagnosed when a focus of high signal
intensity involving either the bursal or the articular surface
of the tendon was apparent with surface abnormalities
without complete discontinuity of the tendon [1]. For
statistical analysis, no attempt was made to differentiate
between the types of tears.

The LHBT tears were diagnosed by identifying the
presence of an increased intra-substance signal intensity
abnormality on both T1- and T2-weighted images or by
identifying attenuation or disruption of the tendon [13].
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The criteria used to define superior and anterior labral tears
were as follows [14–18]: absence, truncation, or fragmentation
of the labrum (not meeting criteria for a sublabral recess or
foramen at superior labrum); displacement of the labrum from
its expected anatomic location; surface irregularity; increased
signal intensity (or contrast enhancement) extending to its
surface; and identification of contrast material extending into a
linear or complex tear cleft within the labrum on D-MRA.
When a tear involved both entire superior and anterior-inferior
portion of the labrum regardless of its continuity, we regarded
it as concomitant superior and anterior labral tears.

For avoiding the magic angle artifacts, when the signal
intensity of posterior-superior labrum and critical portion of
SSP tendon was increased mildly and indistinctively on T1-
weighted sequences, the signal intensity of T2-weighted
sequences was regarded as standard for decision.

The arthroscopic finding was regarded as the reference
standard. Arthroscopic surgery was performed by one
orthopedic surgeon (J.Y.) with 6 years of experience in
shoulder surgery. He examined both the subacromial–
subdeltoid space and glenohumeral joint routinely by using
posterior, anterior portal, and lateral portals.

Statistical analysis

Sensitivity and specificity with their 95% confidence
intervals were calculated using a website (http://faculty.

vassar.edu/lowry/prop1.html). Agreement between the two
readers (inter-observer agreement) in evaluating the D-
MRA and I-MRA findings was calculated using κ statistics.
Inter-observer agreement is rated as poor for a κ value of
less than or equal to 0.20, fair for a κ value of 0.21–0.40,
moderate for a κ value of 0.41–0.60, good for a κ value of
0.61–0.80, and excellent for a κ value of 0.81–1.00 [19].

Results

Arthroscopic surgery

Arthroscopic surgery revealed the presence of 14 superior
labral tears, seven anterior labral tears, nine LHBT tears
(three complete tears, six partial tears), 12 SSP–ISP tears
(eight full-thickness tears, one articular-sided partial-
thickness tear, three bursal-sided partial-thickness tears),
and 11 SSC tears (11 partial-thickness tears).

Diagnostic accuracy

For readers 1 and 2, sensitivity and specificity values with
95% confidence intervals (Tables 1 and 2) for the diagnosis
of superior and anterior labral tears, LHBT tears, SSP–ISP
tears, and SSC tears using D-MRA and I-MRA were not
statistically different.

Diagnosis Reader 1 Reader 2

D-MRA I-MRA D-MRA I-MRA

Superior labrum

Sensitivity 71 (45, 88) 79 (52, 94) 71 (45, 88) 86 (60, 96)

Specificity 80 (38, 96) 80 (38, 96) 100 (57, 100) 80 (38, 96)

Anterior labrum

Sensitivity 100 (65, 100) 100 (65, 100) 100 (65, 100) 100 (65, 100)

Specificity 100 (76, 100) 100 (76, 100) 100 (76, 100) 83 (55, 95)

LHBT

Sensitivity 78 (45, 94) 67 (35, 88) 89 (57, 98) 78 (45, 94)

Specificity 100 (72, 100) 100 (72, 100) 100 (72, 100) 90 (60, 98)

Table 1 Diagnostic accuracy in
the evaluation of the labrum and
the long head of biceps tendon

Data in parentheses are lower
and upper bounds of 95%
confidence intervals

LHBT long head of biceps
tendon

Diagnosis Reader 1 Reader 2

D-MRA I-MRA D-MRA I-MRA

SSC tear

Sensitivity 64 (35, 85) 64 (35, 85) 82 (52, 95) 64 (35, 85)

Specificity 100 (68, 100) 75 (41, 93) 100 (68, 100) 88 (53, 98)

SSP–ISP tear

Sensitivity 100 (76, 100) 100 (76, 100) 100 (76, 100) 92 (65, 99)

Specificity 100 (65, 100) 86 (49, 97) 100 (65, 100) 86 (49, 97)

Table 2 Diagnostic accuracy in
the evaluation of the rotator cuff

Data in parentheses are lower
and upper bounds of 95%
confidence intervals

SSC subscapularis tendon, SSP–
ISP supraspinatus–infraspinatus
tendon
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Both readers correctly diagnosed ten of the 14 superior
labral tears using D-MRA (Fig. 1). Reader 1 correctly
diagnosed 11 lesions and reader 2 correctly diagnosed 12
lesions using I-MRA. Among arthroscopically proven
superior labral tears, two lesions on D-MRA (Fig. 2), one
lesion on I-MRA, and two lesions on both I-MRA and D-
MRA were missed by reader 1, and two lesions on the D-
MRA and two lesions on both I-MRA and D-MRA were
missed by reader 2. One false positive case for reader 1 was
generated by D-MRA, and two false positive cases for both
readers were generated by I-MRA.

All anterior labral tears were correctly diagnosed by both
readers using both MRAs (Fig. 3). Two false positive cases
for reader 2 were generated by I-MRA only.

Reader 1 correctly diagnosed seven of the 11 SSC tears and
reader 2 correctly diagnosed nine of the 11 SSC tears using D-
MRA. Meanwhile, both reader 1 and reader 2 correctly
diagnosed seven SSC tears using I-MRA.Among arthroscopi-
cally proven SSC tears, two lesions on D-MRA, two lesions
on I-MRA, and two lesions on both I-MRA and D-MRAwere
missed by reader 1, while one lesion on D-MRA, three lesions
on I-MRA, and one lesion on both I-MRA and D-MRAwere
missed by reader 2. Two false positive cases for reader 1 and
one false positive case for reader 2 were generated by I-MRA.

Reader 1 correctly diagnosed seven of the nine LHBT
tears and reader 2 correctly diagnosed eight lesions using
D-MRA. Reader 1 correctly diagnosed six lesions and
reader 2 correctly diagnosed seven lesions using I-MRA.
Among arthroscopically proven LHBT tears, one lesion on
D-MRA (Fig. 4), two lesions on I-MRA and one lesion on
both D-MRA and I-MRA were missed by reader 1, while
one lesion on I-MRA and one lesion on both D-MRA and
I-MRA were missed by reader 2. One false positive LHBT
tear was generated by I-MRA for reader 2.

All cases of SSP–ISP tears were correctly diagnosed by
reader 1 using both D-MRA and I-MRA. One arthroscopi-
cally proven SSP–ISP tear was missed on I-MRA by
reader 2, while D-MRA yielded entirely correct diagnoses.
One false positive case of SSP–ISP tear was generated by
I-MRA for each reader (Fig. 5). All cases of full-thickness
tears were correctly diagnosed by both readers on both
MRAs (Fig. 6). One arthroscopically proven articular-sided
partial-thickness tear was correctly diagnosed by both MRAs
for reader 1 and by D-MRA for reader 2. Two of three
bursal-sided partial-thickness tears for reader 1 and three

Fig. 1 An arthroscopically proven superior labral tear of the left
shoulder in a 70-year-old woman was correctly diagnosed by both
MRAs according to two readers. Fat-suppressed T1-weighted fast
spin-echo axial images show interposition of contrast media on the D-
MRA (a, arrow) and a contrast-enhanced cleft on the I-MRA (b,
arrow) between the superior portion of the glenoid labrum and the
bony glenoid. T2-weighted fast spin-echo coronal oblique imaging of
the D-MRA (c) shows a high signal intensity cleft in the superior
portion of the glenoid labrum (arrow)

R
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lesions for reader 2 were correctly diagnosed by both MRAs.
One arthroscopically proven bursal-sided partial-thickness
tear was missed on both MRAs by reader 1.

Inter-observer agreement

Inter-observer agreement was best for the evaluation of
SSP–ISP tears and anterior labral tears with the use of D-

MRA (κ value=1.00, Table 3). Inter-observer agreement
was worst for the evaluation of SSC tears with the use of I-
MRA (κ value=0.47, Table 3). Inter-observer agreement
was higher than moderate agreement for all lesions on both
MRAs.

Fig. 2 An arthroscopically proven superior labral tear of the left shoulder
in a 43-year-old woman was correctly diagnosed by I-MRA only by
reader 1. Fat-suppressed T1-weighted fast spin-echo coronal oblique
imaging on the D-MRA (a) shows a normal appearance of the superior
portion of the glenoid labrum. Fat-suppressed T1-weighted fast spin-
echo coronal oblique imaging on the I-MRA (b) shows linear contrast
enhancement (arrow) at the superior portion of the glenoid labrum

Fig. 3 An arthroscopically proven anterior labral tear of the right
shoulder in a 57-year-old man was correctly diagnosed by both MRAs
by both readers. Fat-suppressed T1-weighted fast spin-echo axial
imaging of the D-MRA (a) shows interposition of contrast media
between the anterior portion of the glenoid labrum and the bony
glenoid (arrow). Fat-suppressed T1 weighted fast spin-echo axial
imaging of the I-MRA (b) shows linear contrast enhancement between
the anterior portion of the glenoid labrum and the bony glenoid
(arrow)
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Fig. 4 An arthroscopically proven complete tear of the long head of
the biceps tendon of the left shoulder in a 76-year-old woman was
correctly diagnosed on both MRAs by reader 2 and on I-MAR by
reader 1 but was missed by D-MRA by reader 1. Fat-suppressed T1-
weighted fast spin-echo axial images on the D-MRA (a) and the I-
MRA (b) show medial subluxation of attenuated LHBT (arrows)

Fig. 5 An arthroscopically proven calcific tendinitis of SSP–ISP without
tear of the left shoulder in a 46-year-old woman was misinterpreted as a
bursal-sided partial-thickness tear of SSP–ISP on I-MRA by two readers.
Fat-suppressed T1-weighted fast spin-echo coronal oblique image on the
D-MRA (a) shows intact SSP–ISP. Fat-suppressed T1-weighted fast
spin-echo coronal oblique images on the I-MRA (b, c) show contrast
enhancement of mainly bursal-sided SSP–ISP (b, arrow) and a
calcification with surrounding enhanced tissue (c, arrow)

b
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Discussion

I-MRA is based on the premise that intravenous contrast
material will diffuse into the joint space over time, so that
arthrography-like T1-weighted images can be obtained. The
intravascular paramagnetic contrast material that leaks from
the capillary bed into interstitial space and diffuses from the
synovium into the joint space is responsible for the
arthrographic effect of the intravenous technique. The rate
and amount of diffusion are increased by any exercise of
the joint after injection [10, 20]. Several advantages of I-
MRA over D-MRA are that intra-articular injection under
fluoroscopic guidance is not required and that imaging can
be performed during off hours or offsite [8].

In a previous study, the sensitivity and specificity of the
detection of rotator cuff tears using I-MRAwere reported as
100% and 78–89%, respectively [21]. Moreover, another
study employing I-MRA reported the sensitivity and
specificity of full-thickness rotator cuff tears to be 80–
95% and 100%, respectively, and those for partial-thickness
rotator cuff tears to be 50–71% and 88%, respectively [22].
Additionally, sensitivity and specificity using conventional
MRI for full-thickness tears of rotator cuff were reported as
89% and 93%, and those for partial-thickness tears of the
rotator cuff were reported to be 44% and 90% [23]. For
diagnosis of full-thickness tears of the rotator cuff using D-
MRA, the previously reported sensitivity and specificity
were 96% and 99%, respectively, while those for articular-
sided partial-thickness tears were 80–84% and 96–97%,
respectively [24, 25]. In a previous report, the sensitivity
was 91% and the specificity was 86% for the detection of
SSC tendon tears using D-MRA [26]. In our results, the
sensitivity and specificity of SSP–ISP tears and the
specificity of SSC tears using I-MRA and D-MRA were
comparable to the published data, aside from our sensitivity
of SSC tears using D-MRA (64% for reader 1, 82% for
reader 2) which was lower than that of previous reports.
The reported sensitivity and specificity for detecting LHBT
tears using D-MRA are 71–86% and 86–97%, respectively,
[27] and 52% and 86%, respectively, when using unen-
hanced MRI [13]. To our knowledge, no data exist
regarding the diagnostic accuracy of I-MRA for assessing
LHBT tears. Using I-MRA and D-MRA, the sensitivity and
specificity for detecting LHBT tears in our results were
comparable to the published data, except for the sensitivity
when using I-MRA for reader 1. For the diagnosis of
superior labral lesions using I-MRA, the reported sensitivity
and specificity are 84–91% and 58–71%, respectively [28].
In previous reports, D-MRA showed a sensitivity of 82–89%
and a specificity of 90–99% for the overall detection of
superior labral anterior–posterior (SLAP II–IV) lesions [29–
31], and a sensitivity of 88–96% and a specificity of 91–
100% for the detection of anterior labral pathology [32–34].
In our results, the sensitivity and specificity of anterior labral

Fig. 6 An arthroscopically proven full-thickness tear of SSP–ISP of the
right shoulder in a 77-year-old woman was correctly diagnosed on both
MRAs by both readers. Fat-suppressed T1-weighted fast spin-echo
coronal oblique images on the D-MRA (a) and the I-MRA (b) show a
tendinous discontinuity with retraction of the musculotendinous junction
at SSP–ISP (arrows)

Table 3 Inter-observer agreement

D-MRA I-MRA

Superior labral tear 0.68 0.88

Anterior labral tear 1.00 0.78

LHBT tear 0.89 0.77

SSC tear 0.57 0.47

SSP–ISP tear 1.00 0.88

Data are κ values

LHBT long head of biceps tendon, SSC subscapularis tendon, SSP–
ISP supraspinatus–infraspinatus tendon

Skeletal Radiol (2009) 38:659–667 665



tears when using D-MRA and I-MRA were comparable to
the published data. Furthermore, the sensitivity and specific-
ity of superior labral tears were comparable to the published
data, except for the sensitivity of both MRAs for reader 1,
the sensitivity of D-MRA for reader 2, and the specificity of
D-MRA for reader 1. However, this could be due to the
small number of lesions. Among false negative cases, one
arthroscopically proven superior labral tear with a co-
existing anterior labral tear was interpreted as an anterior
labral tear with superior extension on both D-MRA and I-
MRA by both readers. Among false positive cases, reader 1
interpreted a sublabral recess as a labral tear on D-MRA, and
one case that was arthroscopically proven as SLAP I lesions
was interpreted as labral tears by I-MRA for both readers.

The magic angle effect may be responsible for false
positive results in the evaluation of the SSP and the
superior labrum. However, this effect was identical for
both I-MRA and D-MRI.

Contrary to D-MRI, in I-MRA, not only the glenohumeral
joint space is enhanced but also all structures covered by a
synovial membrane [35]. As a consequence, contrast material
in the subacromial–subdeltoid bursa cannot be considered an
indirect sign of a full-thickness tear on I-MRA, and this
makes it easier to delineate bursal-sided partial tears [36].
Another difference is that every abnormality or vascularized
structure will enhance on I-MRA [37]. Therefore, the correct
interpretation of an area of increased signal intensity within
the tendon can be problematic, because the same signal
intensity can be caused by tendinopathy or enhancement of
fibrovascular tissue in a partial tear [10, 21]. In a false
positive case, the rotator cuff may be enhanced because of
inflammation or granulation tissue and scarring. In our
results, false positive cases on I-MRA were seen more often
than those on D-MRA with regards to the detection of SSC
tears. Also, one false positive diagnosis of a bursal-sided
partial-thickness tear was made by both readers based on I-
MRA though this may have been due to underlying calcific
tendinitis. A potential challenge in the diagnostic interpreta-
tion of I-MRA is determining whether labral enhancement
reflects normal vascularity, degenerative changes, or an
underlying injury [38]. In addition, structures that depend
on distention for visualization—in particular, the labrum—
are poorly seen [39]. In our results, false positive cases on I-
MRA were more abundant than those on D-MRA for the
detection of superior and anterior labral tears for reader 2.

Study limitations include, first of all, the relatively small
number of patients. In addition, there was a possible bias
because patients were included based on the fact that
arthroscopy had been performed. Also, the radiologists
evaluating the images were aware that the patients had
undergone arthroscopy. The time interval between D-MRI
and surgery was far longer than the time elapsed between I-
MRI and surgery. The fact that T2-weighted images were

available may have masked differences between D-MRI
and I-MRI. However, this reproduces the situation of
routine work.

In conclusion, based on a relatively small number of
patients, no significant difference was detected between I-
MRI and D-MRI with regard rotator cuff, labral, and LHBT
tears.
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