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Abstract

Objectives To compare the accuracy of indirect magnetic res-
onance arthrography and noncontrast magnetic resonance im-
aging for diagnosing rotator cuff tears.

Materials and methods In total, 333 patients who underwent
noncontrast magnetic resonance imaging or indirect magnetic
resonance arthrography were included retrospectively. Two
musculoskeletal radiologists evaluated the images for the
presence of supraspinatus-infraspinatus and subscapularis ten-
don tears. The overall diagnostic performance was calculated
using the arthroscopic findings as the reference standard.
Statistical differences between the diagnostic performances
of the two methods were analyzed.

Results Ninety-six and 237 patients who underwent
noncontrast magnetic resonance imaging and indirect magnet-
ic resonance arthrography were assigned into groups A and B,
respectively. Sensitivity for diagnosing articular-surface par-
tial-thickness supraspinatus-infraspinatus tendon tear was
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slightly higher in group B than in group A. Statistical signif-
icance was confirmed by multivariate analysis using the gen-
eralized estimating equation (p=0.046). The specificity for
diagnosing subscapularis tendon tear (85 % vs. 68 %, p=
0.012) and grading accuracy (57 % vs. 40 %, p=0.005) was
higher in group B than in group A; the differences were sta-
tistically significant for one out of two readers. Univariate
analysis using the generalized estimating equation showed
that the accuracy for diagnosing subscapularis tendon tear in
group B was higher than in group A (p=0.042). There were no
statistically significant differences between the diagnostic per-
formances of both methods for any other parameters.
Conclusion Indirect magnetic resonance arthrography may
facilitate more accurate diagnosis and grading of
subscapularis tendon tears compared with noncontrast mag-
netic resonance imaging.

Keywords Indirect MR arthrography - Shoulder - Rotator
cuff - Magnetic resonance imaging

Introduction

Following its initial description by Winalski [1] and Drape [2]
in 1993, indirect magnetic resonance (MR) arthrography has
been used for the diagnosis of intra-articular abnormalities
without invasive procedures and coordination of additional
scheduling [3-8]. Since it produces arthrogram-like effects,
several investigators have emphasized that indirect MR
arthrography may have the potential to replace direct MR
arthrography for the evaluation of shoulder pathologies [3,
8]. A comparison study revealed that there was no significant
difference between indirect and direct MR arthrography with
regard to rotator cuff, labral, and long head of biceps tendon
tears [9]. When compared with noncontrast MR imaging
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(MRI), a number of authors have observed improved sen-
sitivity in the diagnosis of glenoid labral lesions with indi-
rect MR arthrography in a relatively small number of pop-
ulations [6, 10, 11]. Although there have been several re-
ports concerning the diagnostic performance of indirect
MR arthrography for rotator cuff tears [4, 12—15], the in-
cremental value of intravenous paramagnetic contrast me-
dia injection for the diagnosis of rotator cuff tears in com-
parison with noncontrast MRI remains unclear. Therefore,
the purpose of this study was to compare the diagnostic
accuracy of indirect MR arthrography with that of
noncontrast MRI for the diagnosis of rotator cuff lesions
in a large population using a 3.0 T MR scanner.

Materials and methods
Patients

This retrospective study was approved by the institutional
review board of our institution and the requirement for patient
informed consent was waived. Medical and arthroscopic sur-
gical records were available for a total of 420 consecutive
patients who underwent arthroscopic surgery after noncontrast
MRI or indirect MR arthrography evaluation for shoulder dis-
comfort, between March 2011 and September 2013. At our
institution, patients who are suspected of having rotator cuff
lesions based on clinical history or physical examination un-
dergo noncontrast MRI or indirect MR arthrography. Indirect
MR arthrography was performed according to our orthopedic
surgeon’s policy if the initial outside hospital’s MR image was
of poor quality, or if it was examined more than 6 months ago,
or if the surgery was planned on the following day. Among
these patients, 68 were excluded because the interval between
the MRI and arthroscopic surgery exceeded 30 days.
Seventeen patients with a history of previous surgery on the
ipsilateral shoulder and two patients who underwent surgery
for infection were also excluded. Consequently, a total of 333
patients with shoulder MR examinations were included in this
study; 96 and 237 patients who had undergone noncontrast
MRI and indirect MR arthrography were assigned into groups
A and B, respectively. Group A was comprised of 46 men (age
range, 22—80 years; mean age, 55.6 years) and 50 women (age
range, 29—74 years; mean age, 61.4 years), while group B was
comprised of 114 men (age range, 17-77 years; mean age,
51.0 years) and 123 women (age range, 21-78 years; mean
age, 61.0 years). The mean interval between MR examination
and arthroscopic surgery was 9 days for group A (range, 0-29
days) and less than 1 day for group B (range, 0-23 days).
Primary patient complaints were shoulder pain with or without
limitation of movement, shoulder dislocation, and motor
weakness.
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MRI protocol

All MR examinations were performed on 3.0 T scanners
(Gyroscan Intera Achieva, Philips Medical Systems, Best,
The Netherlands) with a dedicated receive-only shoulder coil.
Patients were positioned with their humerus in a neutral posi-
tion and their thumb pointing upward. For noncontrast MRI,
axial gradient echo sequence using summated multi-echo fast-
field-echo technique with three echoes, proton density-
weighted fat-saturated fast spin-echo (FSE) images in the axial
and oblique coronal planes, T2-weighted (T2W) FSE se-
quences in the oblique coronal and oblique sagittal planes
were obtained. For indirect MR arthrography, 0.1 mmol/kg
of gadopentetate dimeglumine (Gd-DTPA, Magnevist, Bayer
Schering Pharma AG, Berlin, Germany) was injected into the
antecubital vein. Immediately after the injection of contrast
material, patients were instructed to exercise their shoulder
for 15 min. Following this, fat-saturated T1-weighted (T1W)
and T2W FSE sequences in the axial, oblique coronal, and
oblique sagittal planes were obtained. Table 1 shows MRI
protocol details. Total imaging times were 19 min 8 s and
23 min 46 s for noncontrast MRI and indirect MR
arthrography, respectively.

Image analysis

All MR images were analyzed independently and retrospec-
tively by two radiologists with 10 and 7 years of experience in
musculoskeletal MRI and who were blinded to the arthroscop-
ic results. As supraspinatus (SSP) and infraspinatus (ISP) ten-
dons overlap and fuse together on their footprints [16—18], we
used combined assessment of SSP and ISP tendon tears to-
gether to improve the accuracy of correlation between MR and
arthroscopic findings. The readers evaluated the presence of
SSP-ISP tendon tears and subscapularis (SSC) tendon tears. A
three-point scale was used for the grading of SSP-ISP tendons:
0, no tear; 1, partial-thickness tear; and 2, full-thickness tear. A
partial-thickness tear was further classified as an articular- or
bursal-surface tear. Similarly, the SSC tendons were graded
using a five-point scale according to Yoo and Rhee classifica-
tion [19] as follows: 0, normal; 1, fraying or longitudinal split
of SSC leading edge tendon (type I); 2, less than 50 % SSC
tendon detachment to first facet (type IIA); 3, greater than
50 % detachment without complete disruption of lateral hood
(type 1IB); and 4, tear involving the entire first facet of the
lesser tuberosity or more (type I1I-V). Grading scores between
2 and 4 were regarded as a SSC tendon tear.

Images were presented in random order at each reading
session and evaluated using a picture archiving and commu-
nication system (Centricity Radiology RA 1000; GE
Healthcare, Chicago, IL, USA). A full-thickness tear was di-
agnosed if there was complete discontinuity in the tendon and
if signal abnormality extended from the articular surface of the
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Table 1  Parameters of MRI sequences
Noncontrast MRI Axial mFFE Axial FS FSE Coronal FS FSE Coronal FSE Sagittal FSE
PD-WI PD-WI T2WI T2WI
Repetition time (ms) 578-714 2,250 2,250 3,272 2,400-4,090
Echo time(s) (ms) 9.2/14.8/20 30 30 80 80-83
Flip angle (°) 25 90 90 90 90
Field of view (cm) 16 16 16 16 16
Acquisition matrix number 252%252 320%252 320%252 320%256 320%252
Section thickness (mm) 3 3 3 3 3
Echo train length - 9 9 16 16-18
Number of averages 2 2 2 2 2
Indirect MR arthrography Axial FS FSE Coronal FS FSE Sagittal FS FSE Axial FSE T2WI Coronal FSE Sagittal FSE
TIWI TIWI TIWI T2WI T2WI
Repetition time (ms) 340-610 560-754 560-754 3,272-3,544 3,272-4,090 3,272-4,747
Echo time (ms) 8-10 8-10 8-10 80 57-80 54-80
Flip angle (°) 90 90 90 90 90 90
Field of view (cm) 16 16 16 16 16 16
Acquisition matrix number 320%256 320%256 320%256 320%256 320%256 320%256
Section thickness (mm) 3 3 3 3 3 3
Echo train length 5 5 5 16 16 16
Number of averages 2 2 2 2 2 2

F'S fat-saturated, F'SE fast spin-echo, mFFE multi-echo fast field echo image, PD-WI proton density-weighted image, 71 WI T1-weighted image, T2W1

T2-weighted image

cuff to the subacromial/subdeltoid bursa, with or without re-
traction of the musculotendinous junction [20, 21]. A partial-
thickness tear was diagnosed when a focal region of fiber
discontinuity filled with abnormal signal intensity involving
either the articular or the bursal surface (though not through
the entire thickness of the tendon) was observed [20, 21].
Ancillary signs such as surface fraying or changes in tendon
caliber were also considered [21]. If an intratendinous high
signal intensity that did not extend to the articular or bursal
surface (potentially indicating an intrasubstance tear) was ob-
served, it was not scored as a tear because intrasubstance
partial-thickness tear cannot be accurately correlated with ar-
throscopy. The imaging criterion of a SSC tendon tear was as
follows: discontinuity and/or retraction of the tendon, signal
abnormality filling a gap over the lesser tuberosity, atrophy of
the subscapularis, or malposition of the tendon of the long
head biceps brachii [20, 21]. Signal abnormality of the tendon
was defined as high signal intensity on T2W images with a
similar intensity to fluid. For indirect MR arthrography, bright
signal intensity on T1W images was also classed as a tendon
signal abnormality.

Arthroscopic surgery

The arthroscopic findings were utilized as the reference stan-
dard. The arthroscopic surgeries were performed by an

orthopedic surgeon who had 10 years of experience in shoul-
der surgery and was not blinded to the MRI findings. The
surgeon recorded the presence or absence of SSP-ISP and/or
SSC tendon tears. The SSP-ISP tendon tears were categorized
as full-thickness or partial-thickness tears and partial-
thickness tears were further classified as articular- or bursal-
surface tears. All SSP-ISP and SSC tendons were graded
using the three- and five-point scales in the same manner by
the two readers.

Statistical analysis

Pearson’s chi-squared test and Mann-Whitney’s U test were
carried out to detect significant differences in qualitative and
categorical data between the two groups. Categorical data in-
cluded the prevalence of rotator cuff tears, types of SSP-ISP
tendon tears and grading of SSC tendons, as well as patient
age and sex. In addition, the sensitivity, specificity, and accu-
racy of the two readers for detecting the presence of SSP-ISP
tendon tears, without considering the grades of the tears, was
calculated for both groups. The sensitivity, specificity, and
accuracy in evaluating full- or partial-thickness tears of the
SSP-ISP tendon were calculated using the tear grades—for
instance, if an arthroscopically confirmed full-thickness tear
had been interpreted as a partial-thickness tear, it was consid-
ered as an incorrect diagnosis. Similarly, the side of a partial-
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thickness tear was also considered in calculating the sensitiv-
ity, specificity, and accuracy for articular- and bursal-surface
partial-thickness tears. The sensitivity, specificity, and accura-
cy for detecting SSC tendon tears were calculated without
considering the tear grades. Statistically significant differences
in the sensitivities, specificities, and accuracies between
groups A and B, for both readers, were analyzed using the
Fisher’s exact test or Pearson’s chi-squared test. To evaluate
diagnostic performances of the two readers together, a gener-
alized estimating equation model was used; adjustment of
patient age and sex was performed for multivariate analysis.

To compare the concordance rate (regarding grading of SSP-
ISP and SSC tendons) between the MR and arthroscopic findings
in the two groups, the concordance rates according to three- and
five-point scales for SSP-ISP and SSC tendon tears, respectively,
were calculated for the two readers. A Pearson’s chi-squared test
was used for the statistical comparison between the two groups.

Inter-observer agreement for the presence of SSP-ISP and
SSC tendon tears, and their grading using a non-weighted and
weighted « statistics, respectively, were also evaluated.
Agreement was classified as “excellent” for a k value of 0.81—
1.0, “substantial” for a k value of 0.61-0.80, “moderate” for a k
value of 0.41-0.60, “fair” for a k value of 0.21-0.40, “slight” for
a k value of 0-0.20, and “poor” for a k value of less than 0.
Statistical analysis was performed using Statistical Analysis
Software (version 9.3, SAS Institute, Cary, NC, USA), SPSS
Statistics Standard (version 18.0.0, IBM, Chicago, USA), and R
3.0.2 (Vienna, Austria; http://www.R-project.org/). A p value of
less than 0.05 was considered significant.

Results
General characteristics of patients in two groups

Patient characteristics are presented in Table 2; in compar-
ison with group B, patients in the group A had a higher
prevalence of tears in the SSP-ISP tendon (p=0.032). The
prevalence of full-thickness SSP-ISP tendon tear was also
higher in group A (59 %) than in group B (48 %); however,
the difference between the groups was not statistically sig-
nificant (p=0.053; Fig. 1). There was no significant differ-
ence in the prevalence of partial-thickness of SSP-ISP ten-
don tear, SSC tendon tear, or the age and sex of the pa-
tients, between groups A and B.

Diagnostic performance

The overall diagnostic performance for the detection of
SSP-ISP and SSC tendon tears are summarized in
Table 3. With regard to diagnosis of articular-surface par-
tial-thickness tear of SSP-ISP tendon, sensitivities were
generally higher in group B than in group A (80 % vs.
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Table 2  Patient characteristics

Group A Group B p value

No. of patients 96 237

Age (years) 58.7+10.8 56.2+13.3 0.132°

Male 46 (48 %) 114 (48 %) 0.976°

SSP-ISP tendon

Any tear® 86 (90 %) 189 (80 %) 0.032°
FTT 57 (59 %) 113 (48 %) 0.053°
PTT¢ 29 (30 %) 76 (32 %) 0.741¢
aPTT 5(5 %) 20 (8 %) 0.311°
bPTT 24 (25 %) 56 (24 %) 0.791°

SSC tendon

No tear 47 (49 %) 122 (51 %) 0.677°
Grade 0 35 (36 %) 100 (42 %) 0.334°
Grade 1 12 (13 %) 22 (9 %) 0.380°

Any tear 49 (51 %) 115 (49 %) 0.677°
Grade 2 23 (24 %) 63 (27 %) 0.620°
Grade 3 16 (17 %) 31 (13 %) 0.395°
Grade 4 10 (10 %) 21 (9 %) 0.658°

Data in parentheses are the prevalence of the lesions in the percentages

aPTT articular-surface partial-thickness tear, bP7T bursal-surface partial-
thickness tear, F'77T full-thickness tear, /SP infraspinatus, P77 partial-
thickness tear, SSC subscapularis, SSP supraspinatus

#Pearson’s chi-squared test
°Mann-Whitney U test

“Data comprise all types of SSP-ISP tendon tears, including full- and
partial-thickness tears

9Data comprise all types of partial-thickness tears in SSP-ISP tendon,
including articular- and bursal-surface tears

60 % for reader I, and 70 % vs. 40 % in reader II, respec-
tively), but the difference was not statistically significant
(p values>0.05; Fig. 2). However, multivariable analysis
using the generalized estimating equation after adjusting
patient age and sex, revealed that sensitivity was higher
in group B than in group A (p=0.046). In reader I, the
specificity for diagnosing SSC tendon tear was higher in
group B than in group A (85 % vs. 68 %; p=0.012; Figs. 3
and 4). Univariable analysis using the generalized estimat-
ing equation demonstrated that the accuracy for diagnosing
SSC tendon tear was higher in group B than in group A
(»p=0.042). There was no statistical significant difference
in any of the other parameters relating to the diagnoses of
SSP-ISP and SSC tendon tears.

Concordance rate of SSC tendon tears by reader I was
higher in group B compared with group A (57 % vs. 40 %,
p=0.005). Concordance rate of SSC tendon tears by reader 11
was also higher in group B than in group A, but this difference
was statistically not significant (47 % vs. 40 %, p=0.228).
There was no other statistically significant differences in con-
cordance rates between the two groups (Table 4).
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Fig. 1 Noncontrast MR images of the left shoulder in a 43-year-old man
with arthroscopically proven full-thickness tear of the supraspinatus-
infraspinatus tendon. Oblique coronal images with fat-saturated proton
density-weighted (a) and T2-weighted (b) sequences show a tendon

Table 3  Diagnostic performance of the two readers

)

discontinuity involving the full-thickness of the supraspinatus-
infraspinatus tendon (arrows) with medial retraction of the
myotendinous junction. Both readers interpreted the images as a full-

thickness tear of the supraspinatus-infraspinatus tendon

Reader I Reader 11 Univariable p®  Multivariable pb
Group A Group B p value  Group A Group B p value
SSP-ISP tendon
Any tear®  Sensitivity (%) 95 (82/86) 95 (179/189) 1.000¢ 95 (82/86) 94 (177/189) 0.577°  0.647 0.584
Specificity (%) 100 (10/10) 96 (46/48) 1.000% 90 (9/10) 94 (45/48) 05414 0971 0.988
Accuracy (%) 96 (92/96) 95 (225/237) 1.000% 95 (91/96) 94 (222/237) 0.697°  0.666 0.565
FTT Sensitivity (%) 86 (49/57)  88(99/113)  0.763° 77 (44/57) 78 (88/113)  0.920°  0.836 0.824
Specificity (%) 92 (36/39) 97 (120/124)  0.359%  97(38/39) 98 (121/124) 1.000° 0413 0.357
Accuracy (%) 89 (85/96)  92(219/237) 0.257°  85(82/96) 88 (209/237) 0.491°  0.326 0.332
PTT" Sensitivity (%) 76 (22/29) 82 (62/76) 0.513° 83 (24/29) 80 (61/76) 0.771°  0.822 0.922
Specificity (%) 88 (59/67) 90 (145/161) 0.654° 79 (53/67) 83 (133/161) 0.534°  0.553 0.571
Accuracy (%) 84 (81/96)  87(207/237) 0.473°  80(77/96) 82 (194/237) 0.726°  0.555 0.609
aPTT Sensitivity (%) 60 (3/5) 80 (16/20) 0.562¢ 40 (2/5) 70 (14/20) 03129 0231 0.046
Specificity (%) 98 (89/91) 97 (211/217)  1.000¢ 99 (90/91) 98 (213/217) 1.000¢  0.688 0.546
Accuracy (%) 96 (92/96) 96 (227/237) 1.000¢ 96 (92/96) 96 (227/237) 1.000°  0.981 0.748
bPTT Sensitivity (%) 79 (19/24) 80 (45/56) 1.000% 92 (22/24) 82 (46/56) 03319 0.565 0.528
Specificity (%) 92 (66/72) 94 (170/181) 0.579%  82(59/72) 86 (156/181) 0.394°  0.397 0.337
Accuracy (%)  89(85/96) 91 (215/237) 0.547° 84 (81/96) 85(202/237) 0.843°  0.658 0.576
SSC tendon
Any tear  Sensitivity (%) 82 (40/49) 82 (94/115)  0987°  71(35/49) 83(95/115)  0.106° 0.350 0.322
Specificity (%) 68 (32/47) 85 (104/122) 0.012° 72 (34/47) 80(97/122)  0.317°  0.052 0.093
Accuracy (%)  75(72/96) 84 (198/237) 0.071° 72 (69/96) 81 (192/237) 0.067°  0.042 0.056

Data in parentheses are number of the lesions

aPTT articular-surface partial-thickness tear, bPTT bursal-surface partial-thickness tear, F77 full-thickness tear, ISP infraspinatus, PTT partial-thickness
tear, SSC subscapularis, SSP supraspinatus

* Generalized estimating equation

® Generalized estimating equation with adjustment of age and sex.

¢ Data comprise all types of SSP-ISP tendon tears, including full- and partial-thickness tears

9 Fisher’s exact test

¢ Pearson’s chi-squared test

"Data comprise all types of partial-thickness tears in SSP-ISP tendon, including articular- and bursal-surface tears
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Fig. 2 Indirect MR arthrography of the left shoulder in a 45-year-old
man with arthroscopically proven articular-surface partial-thickness tear
of the supraspinatus-infraspinatus tendon. Oblique coronal images with
fat-saturated T1-weighted (a) and T2-weighted (b) sequences
demonstrate a small defect with an irregular, indistinct margin at the
articular surface of supraspinatus-infraspinatus tendon (arrows). This is

Interobserver agreement

Regarding the interobserver agreement for the presence of
SSP-ISP tendon tears, the agreement for group A was substan-
tial (0.78; 95 % CI, 0.603—0.966), while that for group B was
excellent (0.87; 95 % CI, 0.799-0.946); however, there was
no statistically significant difference between the two groups
(»p=0.381). Weighted k values for evaluating the grade of
SSP-ISP tendons showed excellent agreement between the
two readers in group A (0.83; 95 % CI, 0.743-0.921) and in
group B (0.85; 95 % CI, 0.794-0.898), similarly there were
also no statistically significant differences between the two
groups (p=0.796).

Interobserver agreements relating to the presence of SSC
tendon tears were substantial in group A (0.69; 95 % CI,

)

Fig. 3 Noncontrast MR images of the right shoulder in a 63-year-old
man with arthroscopically proven intact subscapularis tendon. Axial fat-
saturated proton-density (a) and oblique sagittal T2-weighted (b) images
show a small high signal intensity area at the articular surface of the

@ Springer
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more clearly delineated on fat-saturated T1-weighted sequence with
contrast material filling the tendon defect (a). Associated linear low
signal intensity and bone marrow edema are evident (arrowheads).
Both readers correctly interpreted the images as an articular-surface
partial-thickness tear of the supraspinatus-infraspinatus tendon

0.544-0.831) and group B (0.73; 95 % CI, 0.643-0.817).
Agreements relating to the grade of SSC tendons were also
substantial in groups A (0.66; 95 % CI, 0.556-0.758) and B
(0.63; 95 % CI, 0.562—0.689). There were no significant dif-
ferences between the two groups for the tear presence (p=
0.619) and grade (p=0.599) in SSC tendons.

Discussion

Indirect MR arthrography, as described by Vahlensieck et al.
[3, 8], is a technique which utilizes intravenous injection of
paramagnetic contrast material to achieve arthrogram-like im-
ages similar to those obtained in direct MR arthrography.
Several investigators have described indirect MR

()

subscapularis tendon cranial portion (arrows). Both readers false
positively scored this lesion as a grade 2 tear of the subscapularis
tendon. A full-thickness tear of the supraspinatus-infraspinatus tendon
is also seen (arrowhead)
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Fig. 4 Indirect MR arthrography of the right shoulder in a 63-year-old
woman with arthroscopically proven grade 2 tear of the subscapularis
tendon. Fat-saturated T1-weighted images in the axial (a) and oblique
sagittal (b) planes show focal irregularity with contrast accumulation in

arthrography as a highly accurate and sensitive technique for
detecting labral pathology [6, 9, 22, 23]. A comparison study
between noncontrast MRI and indirect MR arthrography by
Dinauer et al. [6] revealed a higher sensitivity of indirect MR
arthrography for the diagnosis of superior glenoid labral le-
sions. However, to our best knowledge, there have been rela-
tively few studies comparing the rotator cuff tear diagnostic
abilities of noncontrast MRI and indirect MR arthrography.
While Yagci et al. [4] analyzed the efficacy of indirect MR
arthrography and noncontrast MRI for suspected rotator cuff
abnormalities, the study was based on a small number of pa-
tients, without statistical comparison between the two tech-
niques (except for the interobserver agreement). Previous
studies have revealed that indirect MR arthrography is highly
accurate in diagnosing overall and full-thickness tears of SSP-
ISP tendons [4, 9, 12—14, 24]. In contrast, the correct diagno-
ses of a partial-thickness tear remains difficult despite the use
of intravenous contrast media [12, 14, 24].

In the present study, the correct detection rate of indirect
MR arthrography did not statistically differ from that of

Table 4 Concordance rates of tear grading between imaging and
arthroscopic findings

Group A Group B p value
SSP-ISP tendon
Reader I 84 % (81/96) 87 % (207/237) 0.473
Reader 11 80 % (77/96) 82 % (194/237) 0.726
SSC tendon
Reader 1 40 % (38/96) 57 % (134/237) 0.005
Reader 11 40 % (38/96) 47 % (111/237) 0.228

Data in parentheses are number of the lesions

ISP infraspinatus, SSC subscapularis, SSP supraspinatus

(b)

an articular fiber of the subscapularis tendon cranial portion (arrows).
Both readers correctly interpreted the images as a grade 2 tear of the
subscapularis tendon. Subacromial-subdeltoid bursitis is associated
(arrowheads)

noncontrast MRI in terms of sensitivity. Although bright sig-
nal intensity of the joint fluid due to the paramagnetic contrast
material was expected to improve the visualization of small
tendon defects, no diagnostic gain was identified (compared
with the usual T2-hyperintense fluid on noncontrast MRI).
One possible explanation is that the contrast between the torn
tendon and joint fluid filling the tendon defect was sufficient
to enable the detection of SSP-ISP and SSC tendon tears with-
out the aid of intravenous contrast material injection. The high
diagnostic performance in both readers for the noncontrast
MRI group, particularly for diagnosing full-thickness tears
of SSP-ISP tendons, may support this explanation. Similarly,
there was no statistically significant difference between the
two groups observed in cases of partial-thickness tears.
While it appears that the sensitivities for the detection of
articular-surface partial-thickness tears using indirect MR
arthrography were higher than those using noncontrast MRI
for both readers, the difference was not statistically significant
except for multivariate analysis. These results are in contrast
to the findings of Yagci et al. [4] and Vahlensieck et al. [25],
which suggested that paramagnetic contrast material in the
bursal and articular surface of the rotator cuff tendon leaks
into partial tears, enabling the visualization of the tear directly
and consequently facilitating a more accurate diagnosis. In the
present study, there were only five cases of articular-surface
partial-thickness tears in the noncontrast MRI group; there-
fore, the power of statistical analysis may have been limited,
impeding the detection of true differences between the two
groups.

There are several drawbacks of indirect MR arthrography
such as the enhancement of extra-articular, synovial,
vascularized structures, lack of joint capsule distension, and
the risk of side effects due to intravenously administered con-
trast medium [3, 5, 8]. Among these, enhancement of extra-
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articular structures has been suggested to be responsible for
false-positive interpretations [4], although it can be helpful in
detecting inflamed tissue such as adhesive capsulitis [26]. In
the present study, however, the specificities for diagnosing
rotator cuff tendon tears were not significantly different be-
tween both groups. Since the two readers were well experi-
enced with the indirect MR arthrography technique, this po-
tential drawback was considered to be overcome through the
recognition of different signal intensities, morphology, and the
location of the enhancing area between normal anatomy and
rotator cuff pathology, in accordance with Vahlensieck et al.
[3].

In one of the readers, indirect MR arthrography enabled a
more specific diagnosis of SSC tendon tears and a more accu-
rate prediction of tear grades with statistical significance when
compared with noncontrast MRI. In addition, univariate anal-
ysis using the generalized estimating equation suggested that
indirect MR arthrography was also superior in terms of diag-
nostic accuracy. Both fat-saturated TIW and T2W sequences
are obtained in the oblique sagittal plane for indirect MR
arthrography, while only the T2W sequence was included as
the oblique sagittal plane in noncontrast MRI. Therefore, it
could be inferred that the addition of fat-saturated TIW
oblique sagittal sequence after intravenous paramagnetic con-
trast material injection improved diagnostic performance, sug-
gesting the importance of the oblique sagittal plane for the
diagnosis of SSC tendon tear. This has also been discussed
by Pfirrmann et al. [27], who reported higher specificity and
grading accuracy for SSC tendon abnormalities with
parasagittal images compared with transverse images. We hy-
pothesized that the contrast between the SSC tendon and sur-
rounding structures is increased on indirect MR arthrography,

consequently reducing false-positive interpretations and
aiding correct tear grading. In particular, the enhancement of
rotator interval, with chronic inflammation and fibrosis, may
help distinguish these structures from the cranial part of the
SSC tendon, which is often difficult with noncontrast T2W
sequences (Fig. 5). Therefore, these results suggest that indi-
rect MR arthrography could be advantageous for more accu-
rate diagnosis of SSC tendon tears and for the prediction of
tear grading. Since substantial SSC tendon tears have been
underestimated, and their inadequate repair may result in de-
creased glenohumeral joint stability, accurate preoperative de-
tection of SSC tears is important and the use of indirect MR
arthrography could be helpful in this [28-30]. However, in
contrast, the sensitivities between the two methods did not
statistically differ in this study. Similar to the SSP-ISP tendon,
this may be explained by the fact that the paramagnetic con-
trast material, which diffused into the intra-articular cavity, has
no definite added diagnostic gain compared to the T2-
hyperintense fluid on noncontrast MRI.

There were several limitations of our study. Firstly, the MR
images were analyzed retrospectively in this non-randomized
study, and the surgeon was not blinded to the MRI findings.
Secondly, direct comparison between the two techniques in
the same patient was not possible because noncontrast MRI
and indirect MR arthrography were performed on different
patient populations. Also, the number and type of sequences
were different besides the addition of postcontrast fat-
saturated T1WI sequences. In particular, the lack of axial
T2WI for noncontrast MRI may underscore the accuracy of
this technique, especially for subscapularis tendon evaluation.
Thirdly, the overall prevalence of SSP-ISP tendon tears was
significantly higher in the noncontrast MRI group than in the
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Fig. 5 Indirect MR arthrography of the left shoulder in a 63-year-old
woman with arthroscopically proven fraying of the subscapularis
tendon. Oblique sagittal images with fat-saturated T1-weighted (a) and
T2-weighted (b) sequences reveal subtle indistinct margin at the cranial
portion of the subscapularis tendon (arrows). Abnormally thickened soft
tissue, causing fat obliteration in the rotator interval is visible, suggesting
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(b)

adhesive capsulitis (arrowheads). The border between the cranial portion
of subscapularis tendon and inflamed rotator interval is more clearly
demarcated with better soft tissue contrast on fat-saturated T1-weighted
image (a) when compared with T2-weighted image (b). Both readers
correctly scored the subscapularis tendon as grade 1 (fraying).
Subacromial-subdeltoid bursitis is visible (black arrows)
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indirect MR arthrography group, which may overestimate the
diagnostic performance of noncontrast MRI. In addition, the
mean interval between MR examination and arthroscopic sur-
gery was shorter in the indirect MR arthrography group al-
though only patients who underwent surgery within the 30-
day period after MR examination were included in this study.
Fourthly, as this study was conducted entirely with patients
who underwent arthroscopic surgery, the possibility of selec-
tion bias, which may result in overestimation of sensitivities
and underestimation of specificities, cannot be excluded.
Fifthly, intratendinous tears were not evaluated. Although
they cannot be scored on arthroscopy, it is an important draw-
back of assessing the potential added value of indirect
arthrography as intratendinous tears are clinically relevant.
One final limitation is that there were relatively few patients
with articular-surface partial-thickness tear of SSP-ISP ten-
don, particularly in the noncontrast MRI group (only five
patients).

In conclusion, indirect MR arthrography was not superior
to noncontrast MRI for the diagnosis of SSP-ISP tendon tears,
except for a tendency for a slightly higher sensitivity for diag-
nosing articular-surface partial-thickness tears. However, im-
proved accuracy may be expected for preoperative diagnosis
and for the grading SSC tendon tears using indirect MR
arthrography.
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