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Abstract

Purpose The purpose of this study was to retrospectively
evaluate sensitivity and specificity of a single magnetic
resonance (MR) arthrography series in abduction external
rotation (ABER) position compared with conventional MR
arthrography for detection of supraspinatus tendon tears,
with arthroscopy as gold standard, and to assess interob-
server variability.

Materials and methods Institutional review board approval
was obtained; informed consent was waived. MR arthro-
grams of 250 patients (170 men and 80 women; mean age,
36 years) were retrospectively and independently evaluated
by three observers. Oblique coronal TI-weighted fat-
suppressed images, proton density, and T2-weighted images
and axial T1-weighted images and oblique sagittal T1-
weighted fat-suppressed images were analyzed to detect
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supraspinatus tendon tears. Separately, a single TI-
weighted fat-suppressed oblique axial series in ABER
position was evaluated. Both protocols were scored
randomly without knowledge of patients’ clinical history
and arthroscopy results. Tears were subclassified, based on
articular surface integrity and extension (Lee classification).
Interobserver agreement was assessed by kappa statistics
for all patients. Ninety-two of 250 patients underwent
arthroscopy; sensitivity and specificity of ABER and
conventional MR arthrography were calculated and com-
pared using paired McNemar test.

Results Weighted kappa values of ABER and conventional
MR arthrography were 0.48-0.65 and 0.60-0.67, respec-
tively. According to arthroscopy, 69 of 92 patients had an
intact cuff, and 23 patients had a cuff tear (16 partial
thickness and seven full thickness). There were no
statistically significant differences between ABER and
conventional MR arthrography regarding sensitivity (48—
61% and 52-70%, respectively) and specificity (80-94%
and 91-95%)).

Conclusion Sensitivity and specificity of a single TI1-
weighted series in ABER position and conventional MR
arthrography are comparable for assessment of rotator cuff
tears.

Keywords Shoulder joint - Magnetic resonance imaging -
Arthrography - ABER - Rotator cuff

Introduction
The cumulative incidence of shoulder complaints in general

practice is estimated to be 11.2/1,000 patients/year, with a
peak age of 45-64 years [1]. Rotator cuff tears are a
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common cause of persistent shoulder pain [1] and are often
multifactorial in etiology caused by intrinsic (degeneration
[2], vascularity [3]), and extrinsic factors (impingement,
anterior shoulder instability, and (micro)trauma [4—6]).

The majority of tears occur in the supraspinatus tendon
(up to 89% of partial thickness and 47% of full-thickness
rotator cuff tears) [7]. The supraspinatus tendon is relatively
hypovascular and thin at the articular side and therefore
rotator cuff tears usually originate at the articular side [8].
Articular-sided partial-thickness tears are clinically two to
three times more common than bursal-sided tears [9, 10].

The identification of partial thickness tears is important
because even small tears can be a source of persistent but
surgically treatable shoulder pain [11]. Furthermore, partial
tears may progress to complete tears. Generally, partial-
thickness cuff tears of more than 50% width are treated
either by repair or by extending the partial-thickness cuff
tear to a full-thickness tear and by reinsertion of the tendon.
The severity of partial supraspinatus tendon tears can be
classified according to their location (articular, bursal, or
intratendinous) and their depth [12]. Usually, the impinge-
ment related cuff tear is horizontal in configuration. The
characteristics of the horizontal component of a partial
thickness tear have been determined by Lee et al. [13]. Lee
classified horizontal partial-thickness tears as type I
(without articular surface abnormality), type II (with
irregularity of the surface), and type III (flap tear of the
surface) lesions.

Magnetic resonance (MR) arthrography, with joint
distension using intra-articular diluted gadolinium, is
considered to be the most accurate imaging technique for
evaluation of the rotator cuff, with high accuracy for
diagnosing of full-thickness tears (96-98% sensitivity, 99—
100% specificity [14, 15]), and for the detection of partial
thickness tears (80% sensitivity, 97% specificity) [14].

Preliminary studies showed that additional imaging in
abduction and external rotation (ABER) position of the
shoulder improves visualization of articular surface tears
because of separation of the undersurface of the supra-
spinatus tendon from the humerus and of the horizontal
component of supraspinatus tendon tears [13, 16].

Table 1 Baseline patient characteristics

The purpose of this study was to retrospectively evaluate
sensitivity and specificity of single MR arthrography series
in ABER position compared with conventional MR
arthrography for the detection of supraspinatus tendon
tears, with arthroscopy as gold standard, and to assess
interobserver variability.

Materials and methods
Patients

This retrospective study was approved by the local medical
ethics committee, and patient informed consent was
waived. Two hundred fifty consecutive patients who
underwent MR arthrography of the shoulder at our
institution between January 2001 and July 2003 were
included. Patients were included when a complete exami-
nation was available, including an oblique coronal T1-
weighted fat-suppressed, proton-density, and T2-weighted
sequences; axial T1-weighted images, oblique sagittal T1-
weighted fat-suppressed images (conventional MR arthrog-
raphy); and an oblique axial fat suppressed T1-weighted
sequence in ABER position (ABER). The medical records
were reviewed to identify the reason for referral (Table 1).

Imaging technique

All patients underwent intra-articular administration of
10 mL omnipaque 300 (300 mg I/ml iohexol; GE Health-
care BV, Eindhoven) and a 10 mL mixture of 0.5 mL
omniscan (0.5 mmol/ml Gd-DTPA-BMA; GE Healthcare
BV) added to100 mL saline 0.9%. Of this solution, 12—
15 cc was administered after inserting an 18-gauge needle
in the glenohumeral joint with fluoroscopic guidance, using
either an anterior or a posterior approach. MR imaging was
obtained within 30 min (after injection, patients were
instructed to immobilize the shoulder of interest until the
MR examination).

Imaging was performed with either a 1.0 T unit (MR
Systems NT Release 4.5; Philips Medical Systems, Best,

250MR arthrograms

Study group (92 MR arthrograms)

Male/female
Age in years: mean + SD (range)

Clinical signs/symptoms

170/80
35.59 (12.82)

61/31
33.97 (12.45)

Impingement 64 (25,5%) 28 (30%)
Instability 134 (53,5%) 58 (63%)
Pain of unknown origin 52 (21%) 6 (7%)
Previously surgery to the symptomatic shoulder 14 (6%) 8 (9%)
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The Netherlands) or 1.5 T unit (MR Systems Intera,
Release 9.0, Philips Medical Systems).

The following imaging protocol in neutral position
(conventional MR arthrography) was used: T1-weighted fast
field echo [381.5-400/9.21-13.8 ms repetition time (RT)/echo
time (TE), 4-mm section thickness, 0.4 gap] in the axial plane;
proton density turbo spin echo (TSE) (2,000/15-30 ms TR/
TE, 3-4-mm section thickness, 0.3-0.4 gap), T2-weighted
TSE (3021.8-3058/90 ms TR/TE, 3—4-mm section thickness,
0.3-0.4 gap), and T1-weighted fat-suppressed TSE (500/16
TR/TE, 4-mm section thickness, 0.4 gap) in the oblique
coronal plane; and T1-weighted fat-suppressed TSE (500/14—
16 ms TR/TE, 3—4-mm section thickness, 0.3—0.4 gap) in the
oblique sagittal plane. All sequences were acquired with a
NSA 24,256 %256 matrix and 120/160x75/100 mm field of
view. A C3/C1 surface coil (1.0 T) or a Synergy Flex-M coil
(1.5 T) was positioned on the shoulder. Total scan time was
30 min, including positioning.

To obtain the ABER position [4] the ipsilateral hand was
positioned posteriorly to the head with the elbow positioned
toward the table. The surface coil was repositioned
accordingly.

T1-weighted fat suppressed TSE (500-525/14—17 TR/
TE, 3-mm section thickness, 0.3 gap, 120/160x 100 field of
view, 256256 matrix and two to three signals acquired) in
an oblique axial plane. Additional scan time was 15 min,
including repositioning.

Image analysis

For image analysis, all ABER series were separated from
the images in neutral position and were placed in random
order. This was done by one investigator (S.A.S.) who was
not involved in the image interpretation.

Two musculoskeletal radiologists (reviewer 1, H.J.W.,,
and reviewer 2, V.P.M.H.) with at least 12 years of
experience in MRI of the musculoskeletal system and one
orthopedic surgeon (reviewer 3, W.J.W.) with 12 years of
experience on shoulder MR arthrography, independently
reviewed the MR arthrography studies in random order.
The reviewers were blinded to the patient’s personal details,
clinical history, and symptoms and, if any, the arthroscopic
results.

Presence or absence of cuff lesions was determined by
each reviewer. Suspected supraspinatus tendon lesions were
classified as partial-thickness tears according to the sub-
classification previously proposed by Lee et al. [13],
(Fig. 1). Accordingly, this classification was reflected to
the combined images of the MRa:

Type A: Horizontal partial-thickness tear without an ar-
ticular surface abnormality

Type B: Horizontal partial-thickness tear with irregularity
of the articular surface

Type C: Horizontal partial-thickness tear with a torn edge

of the articular surface (flap tear)

The vertical thickness of the horizontal component of the
partial thickness tears was not obtained in this study.

Full-thickness tears, represented by discontinuity of the
tendon with or without presence of fluid in the subacromial-
subdeltoid space, were also registered within the type C
subgroup.

Reference standard

To determine the accuracy of MR arthrography for both
conventional MR arthrography and ABER series, the

Fig. 1 Classification of the horizontal component of partial-thickness
supraspinatus tendon tears according to Lee et al. [13], based on the
ABER position. Schematic illustration of the anatomy of the
glenohumeral joint in ABER position. / humeral head, 2 glenoid, 3
acromion. Detail illustrations (a—d) demonstrate: a intact supra-

ok

spinatus tendon (arrows). b—d Classification of the horizontal
component of partial-thickness tears of the supraspinatus tendon: b
tear without articular surface abnormality (type A), ¢ tear with
irregularity of the articular surface (type B), and d tear with torn edge
of the articular surface (type C)
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patients who underwent an arthroscopy within a maximum
time interval of 12 months between MR and arthroscopy
were identified. Of 250 patients, 92 underwent arthroscopy
within this interval. The surgical records of these 92 patients
were reviewed by one investigator (S.A.S.)—who was not
involved in the image interpretation for this study—to
identify the arthroscopic results.

Shoulder arthroscopies were performed in lateral decu-
bitus position under general anesthesia by two orthopedic
surgeons. Routinely, two portals were used to enable a
thorough arthroscopic evaluation of the glenohumeral joint
and subacromial space. In case of surgery (instability repair,
subacromial decompression, or cuff repair), additional
portals were used.

At arthroscopy cuff lesions were classified as partial
thickness (including desinsertion of the supraspinatus
tendon from the footprint extending into the tendoneous
tissue medially) or full-thickness tear.

Statistical analysis
Interobserver variability

The interobserver agreement was assessed by kappa
statistics, and agreements in percentages were calculated
for all 250 patients.

Diagnostic accuracy

Imaging findings at MR arthrography (ABER and
conventional MR arthrography) and arthroscopic results
were compared in 92 of 250 patients the for calculation
of sensitivity and specificity. Agreement between MR
arthrographic and arthroscopic registration of the pres-
ence or absence of supraspinatus tendon lesions was
obtained with a sensitivity and specificity. Sensitivity and
specificity of the ABER and conventional MR arthrog-
raphy were compared using the paired McNemar test; a p
value<0.05 was considered a statistically significant
difference.

All analyses were performed with SPSS 12.0.1 software
(SPSS, Chicago, IL, USA).

Results
Patients

Of the 92 patients, 58 had been referred for instability, 28
for clinical signs of impingement, and six patients for pain
of unknown origin. Eight patients had undergone surgery to
the symptomatic shoulder previously (Table 1). No differ-
ences in patient characteristics were found between the total
group and the patients who underwent arthroscopy.

MR Arthrography findings (250 MR arthrograms)

One hundred thirty (52%) of 250 MR arthrograms were
performed on the 1.0 T unit and 120 (48%) on the 1.5 T unit.

The MR arthrography results as scored by each individual
observer for the total group of patients (n=250) are shown in
Table 2. All conventional MR arthrography series were
considered being of sufficient quality to be evaluated by all
three reviewers. Seven to nine MR arthrography series in
ABER position were classified as “not evaluable.” More
than two thirds of supraspinatus tendons were classified as
intact. Of all detected supraspinatus tendons tears, the
majority was classified as type C lesions.

Examples of type A, B, and C lesions on T1-weighted
fat suppressed TSE MR arthrography images in ABER
position are shown in Figs. 2, 3, and 4.

Interobserver variability

The results of the interobserver variability are shown in
Table 3, agreements ranged from 72% to 80%. Weighted
values ranged from 0.48 up to 0.68, interpreted as moderate
to good. The weighted x values between the ABER and
conventional MR arthrography were similar. Agreement
between reviewers 1 and 2 was good, suggesting a good
reproducibility by radiologists.

MR arthrography versus arthroscopy (study group, n=92)

In 92 of 250 patients, an arthroscopy was performed within
12 months between MR arthrography and arthroscopy. The

Table 2 Two hundred fifty MR arthrograms: results of ABER and conventional MR arthrography obtained by each reviewer

Intact Type A Type B Type C (including FT) Not assessable
ABER 189/169/177 18/19/4 17/28/6 19/25/55 7/9/8
Conventional MR arthrography 192/176/202 30/32/6 8/20/8 20/22/34 0/0/0

The results of reviewer 1 are listed before the first slash, of reviewer 2 between the two slashes, and the results of reviewer 3 behind the second

slash
FT full thickness
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Fig. 2 Arthroscopically proven partial-thickness supraspinatus tendon
tear, type A. T1-weighted fat suppressed turbo spin echo (TSE) MR
arthrography image in an oblique axial plane with the arm positioned
in abduction and exorotation (ABER), obtained in a 40-year-old man,
shows an example of a type A horizontal partial-thickness tear (arrow)
without articular surface abnormality of the supraspinatus tendon

number of patients performed on the 1.0 T unit and 1.5 T
unit were equal in this study group.

According to the reference standard, 68 patients had an
intact supraspinatus tendon, 17 patients had a partial
thickness, and in seven patients, a full thickness lesion
was detected.

The results of ABER versus conventional MR arthrog-
raphy per reviewer are shown in Tables 4 and 5, respectively.
Figure 5 shows an example of disagreement between
ABER and conventional MR arthrography in the classifi-
cation of an arthroscopically proven partial-thickness tear.

Fig. 3 Arthroscopically proven partial-thickness supraspinatus tendon
tear, type B. Oblique axial T1-weighted FS TSE MR arthrography
image in ABER position shows a type B horizontal partial-thickness
tear with irregularity of the articular surface of the tendon near the
insertion on the humerus (arrow)

Fig. 4 Arthroscopically proven partial-thickness supraspinatus tendon
tear, type C Oblique axial T1-weighted FS TSE MR arthrography
image in ABER position, obtained in a 57-year-old man, shows a type
C partial-thickness tear (arrow) with a torn edge (asterisk) of the
articular surface of the tendon

Sensitivity/specificity

Sensitivity and specificity values regarding the assessment
of the presence of a supraspinatus tendon tear using MR
arthrography compared with arthroscopy are summarized in
Table 6. Lesions not assessable on MR arthrography, if any
(see Tables 4 and 5), were regarded as false negative results
in the calculation of sensitivity values and as false positive
results in the calculation of specificity values.

The calculated sensitivity and specificity values of
ABER were 13/23 and 65/69 (reviewer 1), 11/23 and
58/69 (reviewer 2), and 14/23 and 55/69 (reviewer 3). The
calculated values of conventional MR arthrography were
16/23 and 66/69 (reviewer 1), 15/23 and 63/69 (reviewer
2), and 12/23 and 64/69 (reviewer 3), respectively
(Table 6).

No significant difference was found between the
sensitivity and specificity of the conventional MR arthrog-
raphy and ABER.

Discussion

In the present study, we retrospectively evaluated the value
of a single T1-weighted series in ABER position compared
with conventional MR arthrography for the detection of
supraspinatus tendon tears, with emphasis on partial tears,
with arthroscopy as gold standard. Our results support the
hypothesis that imaging in ABER position is as accurate as
the routine series in neutral position for the detection of
supraspinatus tendon tears.

@ Springer



972

Skeletal Radiol (2009) 38:967-975

Table 3 Two hundred fifty MR
arthrograms: interobserver
agreement

Percent agreement Kw value Interpretation
ABER
Reviewer | versus reviewer 2 80 0.648 Good
Reviewer 1 versus reviewer 3 78 0.557 Moderate
Reviewer 2 versus reviewer 3 72 0.483 Moderate
Conventional MR arthrography
Reviewer 1 versus reviewer 2 79 0.675 Good
Reviewer 1 versus reviewer 3 80 0.596 Moderate
Reviewer 2 versus reviewer 3 77 0.597 Moderate

Ultrasonography and non-arthrographic MR imaging are
accurate in the diagnosis of full-thickness rotator cuff tears
with accuracy rates approaching 100% [17-24]. Sensitivity
values for the detection of partial thickness tears of both
techniques, however, are less promising and are variable in
literature (US, 13-80% [15, 18, 19, 21, 25-28]; MR, 13—
73% [18-20, 22, 23, 25, 29]). Some recent studies
prospectively compared ultrasound and conventional MR
imaging with arthroscopy as reference standard: Teefey et
al. found no significant difference between US and non-
arthrographic MR imaging in identifying partial cuff lesions
(sensitivity, 63—68%) [18]. Martin-Hervas et al. reported
higher accuracy rates of MR versus US. MR yielded
sensitivity and specificity values of 50% and 76%,
respectively, versus 13% and 68% in US [19]. More
promising results have been reported by Vlychou et al.
(sensitivity, 95.6%; specificity, 70% [30]). The interobserv-
er agreement on the interpretation of non-contrast MR
images in partial cuff lesions is shown to be poor x=0.13—
0.44 [22, 23, 31].

Another disadvantage of ultrasonography compared to
MR imaging is the limited value in evaluation of other
important structures of the shoulder like bony and labroli-
gamentous structures. On the contrary, ultrasonography is a
more cost-effective examination than MR imaging. Where-
as ultrasound is operator-dependent, the interpretation of
MR images is observer-dependent.

Table 4 Study group (92 MR arthrograms): results of ABER
compared with arthroscopy

ABER
Intact Type Type Type C Not
A B (including FT) assessable
Arthroscopy
Intact (69) 65/58/55 3/5/2 0/3/1 0/1/8 1/2/3
Partial (16) 7/8/8 2/1/1 57200 1/3/7 1/2/0
Full-thickness  1/0/1 0/0/0 0/0/0  5/5/6 1/2/0

(N

Reviewer 1/2/3, correct correlations in italics
FT full thickness

@ Springer

Direct MR arthrography has been shown to be more
accurate in the evaluation of the rotator cuff than
conventional MR imaging and ultrasonography [20, 29,
32-34]. MR arthrography especially improves the detection
of partial lesions with recently published sensitivity and
specificity values of 80-95% and 96-100%, respectively
[8, 14, 15, 35]. As mentioned previously, detection of
partial thickness tears is important because even small tears
can be a source of surgically treatable shoulder pain [11],
and partial tears may progress to complete tears.

Indirect MR arthrography, a non-invasive examination in
which intravenous administration of gadolinium provides
an arthrographic effect, not needing fluoroscopic guidance
and therefore not needing scheduling in two different
examination rooms, might be an alternative to direct MR
arthrography [36-39].

A disadvantage of indirect MR arthrography is the lack of
joint distension for optimal visualization of partial-thickness
articular surface tears and labroligamentous lesions.

Previous studies suggested that visualization of articular
surface tears and of the horizontal component of supra-
spinatus tendon tears is improved by MR arthrography with
additional imaging in abduction external rotation (ABER)
position of the shoulder [13, 16, 39]. A disadvantage of
additional imaging in ABER positioning is the prolonged
scan time (approximately 15 min). Therefore, the additional
use of imaging in ABER position is not widespread. In an
attempt to reduce scan time and to reproduce the sensitivity

Table 5 Study group (92 MR arthrograms): results of conventional
MR arthrography compared with arthroscopy

Conventional MR arthrography

Intact Type Type Type C Not
A B (including FT) assessable
Arthroscopy
Intact (69) 66/63/64 3/6/2 0/0/0 0/0/3 0/0/0
Partial (16) 7/8/11 6/4/1 2/2/1 1/2/3 0/0/0
Full-thickness  0/1/0 0/1/0  1/5/1  6/0/6 0/0/0
Q)

*Reviewer 1/2/3, correct correlations in italics
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Fig. 5 Example of disagreement between ABER and conventional
MR arthrography in the classification of an arthroscopically proven
partial-thickness tear: a oblique coronal T1-weighted FS TSE MR
arthrography image in neutral position shows subtle irregularity
(arrow) of the articular surface of the supraspinatus tendon (type B).

and specificity values known from literature for the
detection of partial rotator cuff tears, we investigated the
value of a separate single series in ABER position. In our
study, agreement between conventional MR arthrographic
and arthroscopic detection was obtained with a sensitivity
ranging from 52% up to 70% and a specificity ranging from
91% up to 96%. No statistically significant differences were
found between these results of conventional MR arthrog-
raphy and a single series in ABER position (sensitivity 48—
61% and specificity 80-94%). We were not able to
calculate the overall accuracy for both protocols because
arthrographic (type A, B, or C) and arthroscopic (partial/full
thickness) classification of cuff lesions differed. To our
knowledge, our study is the first that applied the classifi-
cation proposed by Lee [13]. Although moderate to high
weighted k& values (0.48-0.67) indicate an acceptable
reproducibility, the value of the Lee classification in clinical
practice remains uncertain.

The relatively low sensitivity values can be explained by
the underestimation of small cuff lesions assessed by MR
arthrography and by the gold standard “arthroscopy.” For
instance, according to arthroscopy, reviewer 1 incorrectly

b oblique axial T1-weighted FS TSE MR arthrography image in
ABER position of the same patient shows a significant partial-
thickness tear of the supraspinatus tendon (arrow) with a torn edge of
the articular surface (type C)

diagnosed three supraspinatus tendons as being injured on
both ABER and conventional MR arthrography. All were
classified as type A lesions. These lesions might have been
too small or even not visible arthroscopically. Seven out of
eight false negatives classified by reviewer 1 on the ABER
series and all seven false negatives diagnosed on the
conventional MR arthrography were arthroscopically clas-
sified as partial lesions. Thus, detecting small partial lesions
on both MR and arthroscopy will remain a diagnostic
challenge. On the other hand, when an appropriate amount
of intra-articular contrast is applied, this series is particu-
larly worthwhile for exclusion of partial-thickness articular
surface tears.

Bursal surface tears, which are much less common than
articular surface tears, are not likely to be detectable on a
single T1-weighted fat-suppressed series in ABER position.
To be able to detect bursal surface tears, it is crucial to
include an oblique coronal either a T2-weighted spin echo,
a T2-weigthed FSE, or a fat suppressed T2-weighed TSE
sequence. In this study, we did not evaluate the ABER
series or conventional MR arthrography series on the
presence or absence of bursal surface tears.

Table 6 Study group (92 MR arthrograms): sensitivity and specificity in percentages

Sensitivity (%) p values Specificity (%) p values
ABER Conventional MR arthrography ABER Conventional MR arthrography
Reviewer 1 56.5 69.6 0.38 94.2 95.5 1.00
Reviewer 2 47.8 65.2 0.29 84.0 91.3 0.27
Reviewer 3 60.9 522 0.69 79.9 92.8 0.05

p<0.05: significant
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In patients suffering from shoulder complaints, the cuff is
not always the only source of pain. Therefore, ideally, the
chosen imaging technique should allow accurate detection of
other abnormalities like labroligamentous and bony lesions.
Hill Sachs lesions can be detected by a single series in ABER
position. In a study performed at our institution, we found that
a single series in ABER position is as accurate as conventional
MR arthrography series in detecting anterior labral lesions
[40]. In exploring bony changes of the glenoid, however, a
single series in ABER position is assumed to be of limited
value. To detect and quantify bony glenoid defects, a series
in sagittal plane should be added [41].

We acknowledge the known disadvantages of MR
arthrography, being an invasive technique, contraindicated
in patients with certain implants. Furthermore, some
patients may not tolerate ABER positioning due to
provocation of instability or pain. In our experience, the
number of patients that could not be evaluated in ABER
position does not exceed 8% of the total group of shoulder
MR arthrograms.

In summary, our results show that a single MR
arthrography series in ABER position and conventional
MR arthrography series have equal sensitivity and speci-
ficity values when compared with arthroscopy in detecting
supraspinatus tendon tears.
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