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rectly categorized the type of lesion in each

of the six shoulders.

With regard to analysis of the specific type

of SLAP lesion, the application of traction

provided improved accuracy in the diagnosis

of a SLAP type II lesion in three of four shoul-

ders by observer 1 and in two of four shoul-

ders by observer 2 (Figs. 2-4). Similar

analysis of type ifi SLAP lesions (Fig. 5) mdi-
cated improved accuracy using sequences

with traction in one of two lesions by observer

1 and no change in accuracy by observer 2,

who was accurate with regard to analysis of

both traction and nontraction studies. In the

one cadaveric shoulder in which a type IV

SLAP lesion (Fig. 6) was created, traction

alone allowed accurate diagnosis of the type

of lesion in this shoulder by the one observer

who recognized the presence of the lesion.

Overall, analysis of the results provided

by both observers indicated that MR arthrog-

raphy performed with traction generally im-

proved diagnostic accuracy with regard to

categorization of the type of SLAP lesion

when compared with nontraction studies

and, to a lesser extent, improved sensitivity

with respect to the accurate diagnosis of any

type of SLAP lesion. The traction study did

not lead to increased misdiagnosis of the

presence of a SLAP lesion in the cadaveric

shoulders that did not contain such a lesion.

Fig. 2.-Cadaver of 76-year-old man.
A, MR arthrogram shows no definite labral tear. Note slightly increased signal intensity within superior labrum (arrow) that was thought to represent possible fraying of

superior labrum.

B, MR arthrogram with arm in traction reveals definite tear in labrum. Note that contrast material extends into tear (arrow).

Fig.3.-Cadaver of82-year-old man.
A, Axial Ti-weighted MR arthrogram
(TR/TE, 500/20) with fat saturation
without arm in traction. Note that su-
perior labrum appears normal, with
small sublabral recess (arrow).
B, Axial MR arthrogram at same
level as A with arm traction. Note ir-

regular widening of superior labrum
(arrow). Gap between labrum and
glenoid is too wide to be sublabral
recess; it is a type II tear.
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Fig.4.-Cadaver of76-year-old man.
A, Coronal Ti-weighted MR arthro-
gram (TRITE, 500/20) with fat saturation.
Note abnormally irregular high signal
intensity in superior labrum (arrow).

B, MR arthrogram in same coronal
plane as A with arm in traction. Note
that tear is much better visualized
(arrow) and is a type II superior Ia-
bral anteroposterior lesion.

Fig. 5.-Cadaver of78-year-old man.
A, Axial MR arthrogram without arm
in traction. Anterior labrum appears
normal.
B, Axial MR arthrogram with arm in

traction reveals tear of labrum. Note
that contrast agent extends into Ia-

brum (arrow).
C, MR arthrogram of same shoulder
in oblique coronal plane with arm in
traction. Note that contrast material
extends into entire superior labrum
(arrow), consistent with a bucket-
handle tear. Also note sublabral re-
cess (arrowhead).

D, Corresponding frozen section of
same shoulder in oblique coronal
plane shows type Ill superior labral
anteroposterior lesion (arrow).
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Fig.6.-Cadaverofl2-year-old man.
A, MR arthrogram in sag’tttal plane
without arm in traction. Superior Ia-
bral tear is identified in other images
(not shown). Note that biceps ten-
don appears normal (arrow).

B, MR arthrogram in same sagittal
plane with arm in traction. Note that
biceps tendon is torn into two parts
(arrowheads), representing a type
IV lesion.

Discussion

Two major mechanisms of injury lead to

SLAP lesions [1, 6, 10]. The more common

mechanism is a compressive loading force

on the shoulder with the shoulder in a flexed

and abducted position. This force causes

compression of the labrum and biceps ten-

don and causes superior subluxation of the

humeral head, resulting in disruption of the

labrum, biceps tendon, and rotator cuff. The

second mechanism is a traction force applied

to the arm and biceps brachii muscle, leading

to a tear of the superior portion of the labrum

and the biceps tendon anchor.

Clinically, all patients with SLAP lesions

have debilitating pain that interferes with

daily activities and sleep [10, 13]. They often

have a painful catching or popping sensation

that increases with overhead activities. About

15% of patients have associated shoulder in-

stability [10]. Physical examination reveals

tenderness to palpation over the anterior as-

pect of the shoulder, the scapula, and the acm-

mioclavicular joint [13]. The biceps tendon

test, in which the patient tries to resist a force

with the shoulder in flexion, elbow in exten-

sion, and forearm in supination, has been

used for accurate diagnosis of SLAP lesions.

A second test, the joint compression rotation

test, accomplished with the patient in a su-

pine position with the shoulder in abduction,

uses a compressive force applied to the hu-

merus, which then is rotated [10]. Unfortu-

nately, symptoms and results of physical

examination are nonspecific and insensitive,

leading to a delay in diagnosis [14].

Arthrography, CT arthrography, and MR

imaging have been used to diagnose SLAP

lesions [I, 2, 14-18]. MR arthrography has

been shown to have better sensitivity and

specificity than arthrography, CT arthrogra-

phy, or conventional MR imaging [9, 16, 19,

20] and has been used with increasing fre-

quency. Recently, MR arthrography with ex-

ternal rotation of the arm has been shown to

provide even better visualization of the labro-

ligamentous complex [21]. MR arthrography

with overdistention of the joint has also been

described [22]. However, on the basis of our

clinical experience, this last technique is not

very useful because of discomfort and con-

trast extravasation that occurs when the artic-

ulation is overly distended.

The results of our cadaveric study show

that MR arthrography with the arm in trac-

tion combined with external rotation further

improves the sensitivity and specificity of the

diagnosis of SLAP lesions. The MR arth.ro-

graphic findings of SLAP lesions include ir-

regular contrast extension into the superior

portion of the labrum. There may be an ab-

normal widening of the distance between the

superior portion of the labrum and the gle-

noid rim or a small gap between the superior

portion of the labrum that is posterior to the

anchor site of the biceps tendon and the gle-

noid rim [8]. Other findings include abnor-

mally high signal intensity that extends into

the anterior portion of the labrum and irregu-

lar contrast extension into the biceps tendon,

including its anchor. Traction adds tension to

the bicipitolabral complex, which in turn al-

lows intraarticular contrast material to ex-

tend more readily into the tear, hence

improving diagnosis. In our study, SLAP le-

sions were best seen in the oblique coronal

plane. The axial plane also was helpful for

detection of the anterior extension of the tear

and labral detachment. Traction on the arm

also causes downward shift of the humeral

head with respect to the glenoid cavity so

that the intraarticular portion of the biceps

tendon can be better visualized.

Our study had several limitations. First,

only a small number of cadaveric shoulders

were used. Second, observations in cadavers

may not be reproducible in patients. Specifi-

cally, the application of stress to patients’

shoulders during MR arthrography may

present difficulties not evident in cadavers.

With this in mind, we initiated our study by

determining the amount of shoulder traction

that could be tolerated by a volunteer. Further-

more, on the basis of the results of our study,

we have used this technique in more than 20

patients with clinical symptoms in the shoul-

der and have found that the technique can be

applied successfully without patient discom-

fort or movement. In all of the patients, the

traction was applied in combination with joint

puncture and intraarticular administration of a

contrast agent (i.e., MR arthrography). A simi-

tar traction method combined with standard

MR imaging (i.e., no joint puncture) may not

work because of the normal negative pressure

found in the glenohumeral joint. So far, the

technique is promising. However, further study

involving larger series of clinical patients is

needed. Third, we used two experienced radi-

ologists to interpret the studies. The results of

observation by less experienced radiologists

may not be similar. Fourth, we decided to ana-

lyze the results with regard to three of the four

classic SLAP lesions rather than dividing these

lesions into those that might be treated with

surgery and those that might not. This decision

was based on discussions with orthopedic sur-
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