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Purpose: To retrospectively evaluate the sensitivity and specificity of
multidetector computed tomographic (CT) arthrography
for the detection of recurrent superior labral anterior-to-
posterior (SLAP) tears in the shoulder of patients who
have previously undergone shoulder surgery and are clini-
cally suspected of having a recurrent tear.

Materials and
Methods:

The hospital ethics board did not require patient approval
or informed consent for this retrospective review of case
records. Multidetector CT arthrograms of 45 shoulders of
45 patients (35 men, 10 women; mean age, 29 years; age
range, 21–38 years) who had undergone conventional ar-
throscopy within 30 days after the CT arthrographic exam-
ination were reviewed. Owing to the referral patterns at
the authors’ institution, all patients were professional ath-
letes. Volumetric multidetector CT arthrography was per-
formed by using a 16-detector CT scanner after the intra-
articular injection of iodinated contrast material. All im-
ages were independently reviewed by two experienced
musculoskeletal radiologists, with disagreements resolved
by a third experienced musculoskeletal radiologist. The
sensitivity and specificity of multidetector CT arthrogra-
phy in the detection of any Snyder type II–IV tear was
evaluated by using arthroscopy as the reference standard.
The numbers and percentages of tears that were assigned
the correct Snyder classification with multidetector CT
arthrography were reported. Interobserver agreement re-
garding the correct Snyder classification with multidetec-
tor CT arthrography was determined by using � statistics.

Results: With multidetector CT arthrography, recurrent SLAP tears
were correctly identified in 35 of 37 patients (95% sensitiv-
ity), and the absence of these tears was correctly noted in
seven of eight patients (88% specificity). Multidetector CT
arthrography– and arthroscopy-derived tear grades were
in agreement in 30 (81%) of 37 patients with recurrent
SLAP tears. Interobserver agreement at multidetector CT
arthrography was substantial (� � 0.76).

Conclusion: In the described highly selected patient population, multi-
detector CT arthrography was useful for evaluating recur-
rent SLAP tears.
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Magnetic resonance (MR) imag-
ing and MR arthrography are
frequently performed for evalu-

ation of shoulder disorders such as recur-
rent labral tears after surgery. However,
MR imaging has some disadvantages
compared with computed tomography
(CT). MR examinations take longer to
perform; are performed with a smaller
bore gantry, which might not accommo-
date some patients; and cannot be per-
formed owing to claustrophobia in
1%–2% of patients (1,2). Also, MR imag-
ing is more prone to yield metallic arti-
facts, which may be substantive postop-
eratively in patients with metallic clips
and anchors (3,4). While investigators in
one prior study reported 96% sensitivity
and 82% specificity for MR arthrographic
detection of recurrent labral tears after
surgery, in that study, with 39 patients,
two patients with extensive metallic arti-
facts were excluded from labral evalua-
tion (5).

Recently introduced spiral multide-
tector CT technology offers high spatial
resolution—with isotropic voxel vol-
umes—that enables high-quality multipla-
nar reconstructions. The principal limita-
tion of multidetector CT relative to MR
imaging is inferior soft-tissue contrast
resolution. For joints, one can overcome
this limitation by imaging the joint(s) after
the injection of contrast material into the
joint cavity, a technique known as multi-
detector CT arthrography. The purpose
of this study was to retrospectively evalu-
ate the sensitivity and specificity of multi-
detector CT arthrography for the detec-
tion of recurrent superior labral anterior-
to-posterior (SLAP) tears of the shoulder
in patients who have previously under-
gone shoulder surgery and are clinically
suspected of having recurrent tears.

Materials and Methods

Patients
This study was performed outside the
United States, and the institutional review
board of our institution (University of
Parma) did not require patient approval
or informed consent for this retrospective
review of case records. The study was a
retrospective investigation of the findings
in patients who underwent multidetector
CT arthrography between April 2003 and
December 2007 at a tertiary-care center
and subsequently underwent conven-
tional arthroscopy within 30 days. Inclu-
sion criteria were prior surgical repair of
SLAP lesions, placement of some type of
metallic implant as part of the repair, and
clinical findings suggestive of recurrent
SLAP tear. Retrospective chart review re-
vealed 45 shoulders of 45 consecutive pa-
tients (mean age, 29 years; age range,
21–38 years) who fulfilled these criteria:
35 men (mean age, 29.5 years; age range,
21–38 years) and 10 women (mean age,
28 years; age range, 21–38 years). Be-
cause our institution has a large referral
base of professional athletes, all of the
patients in the study were professional
athletes (volleyball, basketball, baseball,
rugby). There were no patients at our
institution who met the inclusion criteria
and were not professional athletes.

Contrast Material Injection
The shoulder was injected with iodinated
contrast material (iodixanol, Visipaque
320; Amersham Health, Buckingham-
shire, England) after it was locally pre-
pared with topical iodine and a local an-
esthetic (2–3 mL of lidocaine) was applied
to the skin. A 20-gauge spinal needle was
introduced into the glenohumeral joint via
an anterior approach with CT guidance,
and 15–18 mL of contrast material was
injected. The patient was then asked to
abduct and internally or externally rotate
the humerus to facilitate even distribution
of the contrast material throughout the
joint.

Image Acquisition
The patients were imaged with a 16-
detector CT scanner (Sensation 16; Sie-
mens Medical Systems, Forchheim, Ger-
many). All subjects were imaged while in
the supine position, with the examined
shoulder in the center of the gantry and
the examined arm along the side of the
body in slight external rotation (6). The
other arm was positioned over the head.

For data acquisition, a section colli-
mation of 16 � 0.75 mm, a section width
of 0.75 mm, and a reconstruction incre-
ment of 0.3 mm were used. The pitch was
1.2, the tube current was 120 mAs, and
the tube voltage was 120 kV. The CT ra-
diation dose was calculated on the basis of
the Monte Carlo simulation by using a
computer program (ImPACT CT Patient
Dosimetry Calculator; ImPACT, London,
England) (7).

Image Analysis
Review at workstation.—For multidetec-
tor CT arthrographic data review, the im-
ages were downloaded to a Volume Zoom
Wizard workstation (Siemens Medical
Solutions). The reviewers created multi-
planar reformatted images, including
coronal and transverse reformatted im-
ages of the joints, at the workstation. The
window settings for all images were ad-
justed for each patient by the reviewers.

Image review.—Two musculoskeletal
radiologists (M.D.F., N.S.) with 10 and 8
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Advances in Knowledge

� Multidetector CT arthrography is
sensitive and specific for the de-
tection of repeat superior labral
anterior-to-posterior (SLAP)
tears.

� Multidetector CT arthrography
enables correct Snyder classifica-
tion of repeat SLAP tears.

Implication for Patient Care

� Multidetector CT arthrography
may be used to diagnose and
grade repeat SLAP tears.
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years of CT arthrography experience, re-
spectively, reviewed all the imaging stud-
ies independently and categorized the de-
picted SLAP lesions, when present, ac-
cording to the Snyder classification
system. The CT images were reviewed
before arthroscopy was performed. The
reviewers had access to patient identifica-
tion and clinical data but were blinded to
the initial clinical interpretation of the
multidetector CT arthrograms. In cases in
which the reviewers disagreed on the
Snyder grade, a third, tie-breaking, re-
viewer provided the final classification.
The third reviewer (M.Z.) was a musculo-
skeletal radiologist with 12 years of experi-
ence. The third reviewwasperformedafter

arthroscopy. The third reviewer also had
access to patient identification and clinical
data but was blinded to the results of ar-
throscopy.

SLAP tear lesion classification.—The
reviewers used the classification system
proposed by Snyder et al in 1990 (8) to
grade SLAP tear lesions. With this classi-
fication system, SLAP tear lesions are di-
vided into four categories that differ in
terms of the degree of tear of the bicipital
complex from the glenoid labrum (8,9)
(Fig 1). With this system, Snyder type I
lesion is defined as degenerative fraying
of the superior glenoid labrum. A Snyder
type II lesion is an avulsion of the labral-
bicipital complex from the superior gle-

noid labrum. Type II lesions are often
confused with physiologic sulci, and in
this study, the reviewers differentiated a
type II lesion from a sublabral recess on
the basis of the orientation of the defect,
with laterally oriented defects interpreted
as tears and medially oriented defects in-
terpreted as physiologic sulci. Type III le-
sions are bucket-handle tears with a pre-
served biceps anchor. Type IV lesions are
bucket-handle tears with extension into
the biceps tendon.

Arthroscopy
Arthroscopic examinations of the
shoulder were performed by two or-
thopedic surgeons (A.C., D.P.) with

Figure 1

Figure 1: Drawings of coronal section through
labral-bicipital attachment and Snyder classification of
SLAP tear lesions. BT � biceps tendon (long head),
G � glenoid labrum, L � labrum. (a) Normal labral-
bicipital attachment. (b–e) Different types of SLAP tear
lesions: type I (b), fraying or tear of superior labrum
(arrow); type II (c), detachment of labral-bicipital com-
plex from superior glenoid labrum (arrow); type III
(d), bucket-handle tear of superior labrum (arrow); and
type IV (e), bucket-handle tear with extension into
biceps tendon (arrow).
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25 and 18 years experience perform-
ing arthroscopy, respectively. Arthro-
scopy was performed less than 30 days
after multidetector CT arthrography
(average, 20 days after multidetector
CT; range, 8–28 days). Patients were
referred for arthroscopy on the basis
of their clinical history, physical exam-
ination results, and multidetector CT
arthrogram findings. Patients with a
negative multidetector CT arthrogram
could be referred for arthroscopy if
they had symptoms and clinical signs
of superior labral tears. Patients did
not undergo MR imaging or any other
imaging procedure (besides multide-
tector CT arthrography) whose results
might have led a clinician to perform
arthroscopy; nor did they undergo any
other interval treatment or proce-
dure. During arthroscopy, reformat-
ted sagittal and coronal multidetector
CT arthrographic images on film hard
copy, as well as the original clinical
reports that included complete de-
scriptions of the lesions, were avail-
able to the surgeons.

Arthroscopy was performed with
regional anesthesia (ie, brachial
plexus nerve blockage). The patient
was placed in the lateral position, with
the affected arm placed in 30° abduc-
tion and 10° forward flexion. For sur-
gery, the three-portal technique was
applied with use of dorsal, ventral,
and suprabicipital portals (outside-in
technique). After diagnostic inspec-
tion by way of the dorsal portal, the
ventral and dorsal portals were used
for all surgical therapeutic interven-
tions. Thus, visualization was per-
formed through the suprabicipital portal,

which allows one control of the surgical
process by means of direct view of the
ventral and inferior glenoid labra and the
capsule-labrum complex.

Statistical Analyses
Arthroscopy was used as the reference
standard for determining shoulder abnor-
malities. The sensitivity and specificity of
multidetector CT arthrography for de-
tecting any recurrent SLAP tear were cal-
culated. The overall and per-grade per-
centages of cases correctly assigned to a
Snyder grade were reported.

Interobserver agreement between
multidetector CT arthrogram reviewers 1
and 2 in assigning the Snyder grade was
assessed with � statistics by using com-
mercially available software (JMP 7.0.1;
SAS Institute, Cary, NC) (10). As sug-
gested by Landis and Koch (11), � values
lower than 0 were considered to indicate
poor agreement; � values of between 0 and
0.20, slight agreement; � values of between
0.21 and 0.40, fair agreement; � values of
between 0.41 and 0.60, moderate
agreement; � values of between 0.61
and 0.80, substantial agreement; and
� values of between 0.81 and 1.00,
nearly perfect agreement.

Results

Thirty-seven of the 45 patients had recur-
rent SLAP tears at arthroscopy. Of the 37
recurrent SLAP tears diagnosed with ar-
throscopy, none were type I lesions, 16
were type II lesions, 11 were type III le-
sions, and 10 were type IV lesions. At
multidetector CT arthrography, review-
ers 1, 2, and 3 (the tie breaker) correctly
detected recurrent SLAP tears in 35 of 37

Table 1

Sensitivity, Specificity, and Accuracy of Multidetector CT Arthrography

Reader Sensitivity (%) Specificity (%) Accuracy (%)

1 95 (35/37), (82, 99) 63 (5/8), (24, 91) 89 (40/45), (76, 96)
2 95 (35/37), (82, 99) 88 (7/8), (47, 100) 93 (42/45), (82, 99)
3 95 (35/37), (82, 99) 88 (7/8), (47, 100) 93 (42/45), (82, 100)

Note.—Sensitivity � number of true-positive findings divided by (number of true-positive findings plus number of false-
negative findings). Specificity � number of true-negative findings divided by (number of true-negative findings plus number
of false-positive findings). Accuracy � (number of true-positive findings plus number of true-negative findings) divided by total
number of findings. The first set of numbers in parentheses are the numbers used to calculate the percentage. The second set
of numbers in parentheses are 95% confidence intervals.

Table 2

Comparison of Multidetector CT
Arthrography– and Arthroscopy-based
Snyder Grades Assigned by Readers

Multidetector CT
Arthrography

Patient
No. Arthroscopy

Reader
1

Reader
2

Reader
3

1 0 0 0 NA
2 0 0 0 NA
3 0 0 0 NA
4 0 2 0 0
5 0 0 0 NA
6 0 2 2 NA
7 0 2 0 0
8 0 0 0 NA
9 2 2 2 NA

10 2 2 2 NA
11 2 2 2 NA
12 2 2 2 NA
13 2 2 2 NA
14 2 2 2 NA
15 2 2 2 NA
16 2 2 2 NA
17 2 3 2 3
18 2 3 2 3
19 2 2 2 NA
20 2 2 2 NA
21 2 2 2 NA
22 2 3 2 2
23 2 0 0 NA
24 2 0 0 NA
25 3 3 3 NA
26 3 3 3 NA
27 3 3 3 NA
28 3 3 3 NA
29 3 3 3 NA
30 3 3 3 NA
31 3 2 3 2
32 3 3 3 NA
33 3 2 3 2
34 3 2 3 3
35 3 2 2 NA
36 4 4 4 NA
37 4 4 4 NA
38 4 4 4 NA
39 4 4 4 NA
40 4 4 4 NA
41 4 4 4 NA
42 4 4 4 NA
43 4 4 4 NA
44 4 4 4 NA
45 4 4 4 NA

Note.—Reader 3 served as the tie breaker and did not
assign a grade when readers 1 and 2 assigned the
same grade at arthroscopy. NA � not applicable.
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Figure 2

Figure 2: Flowchart of patient population whose data were studied for analysis of
recurrent SLAP tears. Diagrams for (a) reviewer 1, (b) reviewer 2, and (c) reviewer 3, the
tie breaker, are shown. MDCT � multidetector CT.

MUSCULOSKELETAL IMAGING: CT Arthrography of Recurrent Labral Tears De Filippo et al

Radiology: Volume 252: Number 3—September 2009 ▪ radiology.rsnajnls.org 785



patients (95% sensitivity). In the two
false-negative cases, multidetector CT ar-
thrography depicted the lesion as a sub-
labral recess, while Snyder type II recur-
rent SLAP tears were noted at arthros-
copy (Table 1).

Eight of the 45 patients had no recur-
rent SLAP type II–IV tear lesions at arthro-
scopy. At multidetector CT arthrography,
reviewer 1 correctly identified five of eight
recurrent SLAP tear–negative shoulders
(62% specificity). Reviewers 2 and 3 (the
tie-breaker), however, correctly identified
seven of eight negative shoulders (88%
specificity). Results are summarized in a
flow diagram (Fig 2) and in Table 1.

The multidetector CT arthrography–
derived tear grade determined by the
third (tie-breaking) reviewer and the ar-
throscopy-derived grade were in agree-
ment in 30 (81%; 95% confidence inter-
val: 65%, 92%) of the 37 patients with
recurrent SLAP tears and in 37 (82%;
95% confidence interval: 68%, 92%) of
all 45 patients included in the study. In
five of six cases (patients 6, 17, 18, 23, 24,
and 35) in which the multidetector
CT arthrography–derived and arthros-
copy-derived grades were not in agree-
ment, the multidetector CT arthrography–
assigned Snyder grade was higher. These
results are summarized in Table 2. Multide-
tector CT arthrography correctly depicted
12 of 16 type II tear lesions (75%; 95%

confidence interval: 48%, 93%) (Fig 3),
eight of 11 type III lesions (73%; 95% con-
fidence interval: 39%, 94%) (Fig 4), and all
10 type IV lesions (100%; 95% confidence
interval: 69%, 100%) (Fig 5). No type I
lesions were identified at either ar-
throscopy or multidetector CT ar-
thrography.

Interobserver agreement for multide-
tector CT arthrography–based assign-
ment of the correct Snyder tear grade
was substantial (� � 0.76). In terms of
overall CT radiation doses administered
in all of the patients, the average total
effective dose was 2.8 mSv (range, 2.1–
3.1 mSv) and the average equivalent dose
to the thyroid was less than 0.3 mSv
(range, �0.3 to 0.3 mSv).

Discussion

Multidetector CT arthrography had very
good sensitivity (95%) and specificity
(88%) for the detection of recurrent
SLAP tears in professional athletes who
had previously undergone surgical repair
of SLAP tears. It also enabled accurate
Snyder categorization of recurrent SLAP
tears in 30 (81%) of 37 patients and facil-
itated substantial interobserver agree-
ment (� � 0.76) in the assignment of Sny-
der SLAP lesion grade.

The high sensitivity that we observed
is comparable to the reported sensitivity

of MR arthrography in patients postoper-
atively, although, to our knowledge, there
have been no studies of MR arthrography
exclusively in patients with prior SLAP
tear repair. Probyn et al (5) examined 39
patients with prior shoulder instability re-
pair and found MR arthrography to have
96% sensitivity (25 of 26 tears) for detect-
ing any labral tear and 94% sensitivity (15
of 16 tears) for detecting superior labral
tears. Although Probyn et al excluded two
patients with metallic artifacts from their
analysis, they achieved the high sensitivity
in patients with a lower prevalence of dis-
ease than that in our study group; this
makes their sensitivity results even more
impressive. In a study by Wagner et al
(12), the sensitivity of MR arthrography
performed in a subset of six patients was
100% (three of three), although the pa-
tients had previously undergone anterior,
posterior, or multidirectional instability
repair but not SLAP tear repair. The
prior studies of neither Probyn et al (5)
nor Wagner et al (12) involved assess-
ment of recurrent SLAP tear grading.

Although we found multidetector CT
arthrography to have high sensitivity, our
study had several biases inherent of ret-
rospective analyses that could have con-
tributed to the increased sensitivity. First,
the decision to perform arthroscopy was
based in part on the multidetector CT
arthrographic findings. This variable in-

Figure 3

Figure 3: Type II SLAP lesion correctly diagnosed with multidetector CT arthrography in 28-year-old man. H � humeral head. (a) Coronal oblique multidetector CT
arthrogram shows lateral extension of contrast medium (arrow) into superior labrum. Arrowhead � metal anchorets, G � glenoid labrum. (b) Axial multidetector CT
arthrogram shows anterior-to-posterior extension of contrast medium (arrow) into superior labrum. (c) Arthroscopic view from posterior portal confirms presence of type
II SLAP tear (arrow). L � labrum.
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troduced verification bias—also known as
work-up bias—which occurs when the
test being evaluated is used to select pa-
tients who will undergo the reference-
standard test. This could have increased

the sensitivity because those patients with
negative multidetector CT arthrograms
would have been less likely to undergo
arthroscopy, and, thus, false-positive
cases could have been excluded.

Second, the surgeons had access to
the multidetector CT arthrograms and
used them to guide the arthroscopic
procedures. This created index test re-
view bias, which occurs when the inves-

Figure 4

Figure 4: Type III SLAP tear lesion correctly diagnosed with multidetec-
tor CT arthrography in 31-year-old man. G � glenoid labrum, H � humeral
head. (a) Coronal oblique multidetector CT arthrogram findings confirm
preserved biceps tendon (BT) insertion above a bucket-handle fragment
(arrowhead). A metallic screw (arrow) is visible in the glenoid labrum.
(c) Axial and (b) oblique sagittal multidetector CT arthrograms show anteri-
or-to-posterior extension of contrast medium (arrowheads) into superior
labrum, indicating a bucket-handle tear. Arrow in b � metal anchoret.
(d) Drawing of three-dimensional sagittal section through labral-bicipital
attachment shows fibrocartilaginous SLAP tear. (e) Arthroscopic view from
posterior portal shows type III (bucket-handle) SLAP tear (arrow). L �
labrum.

Figure 5

Figure 5: Type IV SLAP lesion correctly diagnosed in 23-year-old woman. H � humeral head. (a) Coronal oblique multidetector CT arthrogram shows detachment of
fragment from superior labrum (arrowhead) with extension of tear (open arrow) into biceps tendon. Solid arrows point to metal anchorets. (b) Axial multidetector CT ar-
throgram shows anterior-to-posterior extension of contrast medium (arrowheads) into superior labrum. Arrow � metal anchoret, C � coracoid process, G � glenoid
labrum. (c) Arthroscopic view from posterior portal confirms the presence of bucket-handle tear with extension into the long head of the biceps tendon (BT) (arrow).
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tigator knows the results of the “new”
diagnostic test being evaluated when he
or she interprets the reference-stan-
dard test results. Knowledge of the
multidetector CT arthrographic re-
sults could have made the orthopedic
surgeons in our study more prone to
interpret the arthroscopic results in line
with the multidetector CT arthrogram
findings and thus led to improved sensi-
tivity. Finally, our patient population
was rather limited (in number) and had
a high prevalence of disease.

Although we observed good specific-
ity (88%) for excluding recurrent SLAP
tears, there were few negative arthro-
grams—only eight. This was probably
due to the fact that the multidetector CT
arthrogram findings were used to select
patients who would subsequently un-
dergo arthroscopy. Because there were
so few negative cases, confidence inter-
vals for specificitywerewide: 24%,91%for
reader 1 and 47%, 100% for both reader 2
and reader 3. Thus, our study was limited
in the assessment of specificity for multide-
tector CT arthrographic detection of recur-
rent SLAP tears.

However, results were good at as-
sessment of multidetector CT arthrog-
raphy for assigning the correct Snyder
grade for recurrent SLAP tears. This
is encouraging because different types
of tears require different therapies.
Snyder types II and IV lesions require
reattachment of the biceps tendon to
reestablish the stabilizing effect of the
biceps tendon on the shoulder, while
type III lesions involve extensive dam-
age to the superior labrum and require
surgical debridement (13,14). Our re-
sults are even more encouraging when
one considers the results of a study
(15) in which 22 arthroscopies report-
edly yielded greater interobserver
variability in Snyder classifications
(� � 0.54) than did multidetector CT
arthrography in our current study.
Overall, the results in our study sug-

gest that multidetector CT arthrogra-
phy is robust for the detection and
classification of recurrent SLAP tears.

Our study had several other limita-
tions. First, there were numerous biases
associated with the retrospective design,
which were described earlier. Second, al-
though arthroscopy was the reference
standard in this study, it is an operator-
dependent procedure, and, in our opin-
ion, misinterpretation of sublabral re-
cesses and SLAP type II lesions at arthro-
scopy was a possible source of error.
Third, our patient population of profes-
sional athletes was very specific, so it is
unclear whether our results would apply
to other patient populations, such as the
elderly. Fourth, none of the patients in
our study had Snyder type I lesions (de-
generative fraying of the superior glenoid
labrum), so we cannot comment about
the sensitivity or specificity of multidetec-
tor CT arthrography in detecting recur-
rent Snyder type I tears. However, type I
lesions do not require surgery (13,14)
and are therefore less clinically important
compared with Snyder type II–IV tears. In
conclusion, our results suggest that mul-
tidetector CT arthrography is useful for
detecting and grading recurrent SLAP
tears in athletes who previously have un-
dergone shoulder surgery.
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