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Quantifying the Extent of a Type II SLAP Lesion Required to
Cause Peel-Back of the Glenoid Labrum—A Cadaveric Study

Aruna Seneviratne, M.D., Kenneth Montgomery, M.D., Babette Bevilacqua, P.A.C.,
and Bashir Zikria, M.D.

Purpose: To quantify the extent of labral disruption required to cause it to peel back when the
peel-back test is performed. Methods: Ten cadaveric shoulders were prepared by removal of the
deltoid and rotator cuff muscles. The glenohumeral joint was concentrically reduced and brought into
90° abduction and maximal external rotation. The peel-back of the labrum was graded 0, 1, or 2. The
labrum was sequentially detached from the glenoid in the following order: biceps anchor only, 1
o’clock, 2 o’clock, 11 o’clock, and 3 o’clock positions. After each labral cut, the peel-back test was
performed. Labral repair was performed with a single suture anchor placed at the 12:30 o’clock
position; labral peel-back was reassessed. Results: A progressive increase was noted in peel-back
grade with sequential cutting of the labrum posteriorly. However, disruption of the anchor alone did
not lead to a positive peel-back sign. Disruption to the 2 o’clock position resulted in a positive
peel-back sign overall in 9 of 10 shoulders (5 were grade 1, and 4 were grade 2). No increase was
seen in peel-back grade with anterior extension of the labral detachment. Labral repair with a single
anchor placed at the 12:30 o’clock position eliminated labral peel-back in 100% of shoulders.
Conclusions: Detachment of the biceps anchor alone does not cause peel-back. The labrum must
be disrupted to at least the 2 o’clock position before overt (grade 2) peel-back is observed. A
single suture anchor placed at 12:30 o’clock eliminated peel-back of the labrum. Clinical
Relevance: Validation of the peel-back test as an important diagnostic tool during shoulder
arthroscopy. Key Words: SLAP lesion—Peel-back test—Labrum—Shoulder surgery—Shoulder
arthroscopy.
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uperior labral anterior posterior (SLAP) lesions
were first classified into 4 types by Snyder et al.1

he type II SLAP lesion, as described by Snyder,
nvolves detachment of the biceps anchor, along with
he labrum, at an anteroposterior location and is the
ocus of this study.
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SLAP lesions, at times, can be a diagnostic di-
emma. A variety of clinical signs have been de-
cribed, including the active compression test, the
rank test, the compression rotation test, and the pain
rovocation test.2 None of these tests alone has ade-
uate sensitivity or specificity to rule in or out a type
I SLAP lesion. Magnetic resonance arthrograms are
he most accurate study available, with a single study
emonstrating a sensitivity of 89%, a specificity of
1%, and an accuracy of 90% in detecting labral
esions.3 Sensitivity may be poorer in lesions that are
ynamically unstable (�peel-back) but are not acute
njuries in which fluid separates the labrum from the
lenoid.
Arthroscopy is the most accurate method of diag-

osing labral lesions. Burkhart and Morgan described
se of the peel-back test to aid in the arthroscopic

iagnosis of type II SLAP lesions.4 The peel-back
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1164 A. SENEVIRATNE ET AL.
henomenon occurs when the arm is abducted and
xternally rotated. This causes the biceps tendon force
ector to shift from a horizontal to a vertical orienta-
ion, producing a torsional force at the base of the
iceps, which is transmitted to the posterior labrum. If
he labrum is injured, this will result in peeling back of
he labrum medially over the glenoid. This is often a
ubtle finding, and no grading scale has been prepared
or the peel-back phenomenon. Furthermore, the ex-
ent of the lesion required to cause peel-back of the
abrum is unknown.

The hypothesis of this study was that disruption of
he biceps anchor alone is sufficient to cause peel-back
f the labrum.

METHODS

A total of 14 human cadaveric shoulders were used
n this study, of which 10 met the inclusion criteria
intact biceps tendon, no preexisting SLAP lesion, and
bsence of severe degenerative joint disease [DJD]).
hree specimens were excluded because the biceps

endon was not intact. An additional specimen was
xcluded because it had a preexisting type II SLAP
esion that extended to the 3 o’clock position. None
as excluded because of severe DJD. Demographic
ata were available for 6 of the 10 specimens. Aver-
ge age was 48.3 years. Four were female and two
ere male. Grade 3 DJD was noted in 2 specimens.
Fresh frozen shoulder specimens were thawed at

oom temperature over 24 hours. These shoulders
ere individually mounted on a standard specimen
older, and the overlying skin was removed. The
eltoid, supraspinatus, infraspinatus, and teres minor
ortions of the rotator cuff were removed, with care
aken to avoid damaging the long head of the biceps.
he cuff of tissue overlying the bicipital groove was left

n place to preserve normal motion and mechanics of the
ong head of the biceps tendon. The capsule was left
ntact anteriorly and posteroinferiorly. The subscapularis
endon was left intact. The coracoacromial and coraco-

TABLE 1. Grading Scale of the Peel-Back Phenomenon

Grade Description

0 No peel-back of the labrum
1 Medialization of the biceps anchor and initiation

of medial labral peel-back without rolling
over of the glenoid margin

2 Overt peel-back of the labrum over the posterior
c
superior glenoid
umeral ligaments were transected, and the lateral
cromion was removed with a saw at the level of the
cromioclavicular joint to allow visualization of the
iceps anchor complex. In specimens with a short
umerus, a Schantz pin was placed distally to mimic
he forearm and to improve the mechanical advantage
o facilitate movement of the glenohumeral joint.

The glenohumeral joint was concentrically reduced
anually and was brought into 90° of abduction in

eutral rotation. Concentrically reducing the shoulder
nvolved centering the humeral head on the central
ortion of the glenoid. This position was maintained
ith application of an axial manual load to the hu-
erus. The long head of the biceps was manually

oaded for application of approximately 4 lb of
orce.5 The humerus was then maximally externally
otated, and the labrum was observed. The peel-back
henomenon was graded as described in Table 1 and
ig 1. The preceding motion was reproduced after
ach intervention as described here. The labrum was
etached from the glenoid with the use of a No. 11
calpel in the following sequence: biceps anchor only,
osteriorly to the 1 o’clock position, posteriorly to the
o’clock position, anteriorly to the 11 o’clock posi-

ion, and posteriorly to the 3 o’clock position (all
lenoids were normalized to the left side). The labrum
as repaired to the supraglenoid tubercle with place-
ent of a single suture anchor (3.0 mm Bio-Suture-
ak; Arthrex, Naples, FL) at the 12:30 o’clock posi-

ion. Data were recorded on an Excel worksheet
Microsoft, Redmond, WA). Statistical analysis was
erformed with a standard statistical package (Statis-
ical Package for the Social Sciences; SPSS Software,
hicago, IL). The Friedman test was used to discern
hether a progressive change in peel-back grade oc-

IGURE 1. Peel-back grading scale viewed from the posterior
ortal. (A) Grade 0 peel-back. Note the horizontal biceps orienta-
ion and complete coverage of the supraglenoid tubercle by the
abrum. (B) Grade 1 peel-back. Note the buckling of the biceps root
nd medialization of the superior labrum, exposing the supragle-
oid tubercle. (C) Grade 2 peel-back. The labrum has peeled back
edially, fully exposing the supraglenoid tubercle.
urred with sequential disruption of the labral attach-
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1165SLAP LESION AND PEEL-BACK OF THE GLENOID LABRUM
ent. One-tailed Wilcoxon signed ranks tests were
sed to compare changes in peel-back grade at each
evel of disruption (intact v anchor disruption only;
nchor disruption v 1 o’clock, etc.). Sample size was
ased on the ability to detect a positive peel-back sign
ith disruption of the anchor only. Peel-back to at

east a grade 1 with disruption of the anchor only
ould be detected as significant (P � .05 at 80%
ower) if such an effect was evident in 4 of 10
pecimens. Statistical significance was set at P � .05.

RESULTS

Demographic data were available for 6 of the 10
pecimens, which consisted of 4 female and 2 male
pecimens with an average age of 48.3 years (38 to 57
ears). Of the 10 shoulders, 4 were left and 6 were
ight. Labral morphology was normal in 9 specimens
nd meniscoid in 1.

Biceps tendon insertion morphology was type II in
specimens and type III in 1 specimen, according to

he classification of Vangsness et al. (Table 2, online
nly, available at www.arthroscopyjournal.org).6 A
rogressive increase in peel-back grade was observed
ith sequential cutting of the labrum posteriorly (P �
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IGURE 2. Peel-back percent-
ges. A progressive increase in
eel-back grade was seen with
equential cutting of the labrum
osteriorly. Disruption of the
nchor alone did not lead to a
ositive peel-back sign. Disrup-
ion to the 2 o’clock position
esulted in a positive peel-back
ign in 90% of the specimen.
epair of the labrum with a sin-
le anchor at the 12:30 o’clock
osition eliminated the peel-
ack sign in 100% of the spec-
men.
0001). However, disruption of the anchor alone did
ot lead to a positive peel-back test (P � .32), with 9
f 10 specimens having a grade 0 peel-back sign, thus
alidating the null hypothesis of this study (disruption
f the biceps anchor alone is not sufficient to cause
eel-back of the labrum). A positive peel-back sign
as evident in 5 of 10 specimens at 1 o’clock (P �

046)—a significant increase when compared with dis-
uption of the anchor alone. In all, 4 of 10 grade 1 and

grade 2 peel-backs of the labrum were reported.
isruption to the 2 o’clock position resulted in a
ositive peel-back sign overall in 9 of 10 specimens
5 grade 1 and 4 grade 2)—a significant increase
ompared with the 1 o’clock position (P � .02). No
urther increase in peel-back grade was noted with
nterior extension of the labral detachment (P �
317). Only 1 specimen converted from grade 1 to
rade 2 (Table 3, online only, and Fig 2). No statisti-
ally significant increase occurred in the proportion of
ccurrences of grade 2 peel-back at the 3 o’clock level
ompared with the 2 o’clock level (P � .157).

The single specimen that remained with a grade 0
eel-back demonstrated a meniscoid labrum. This
pecimen was not subject to repair because no peel-
ack of the labrum had occurred.
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1166 A. SENEVIRATNE ET AL.
Repair of labral disruption with a single anchor
laced just posterior to the biceps anchor at the 12:30
’clock position eliminated the peel-back sign in 9 of
(100%) specimens that were repaired. Thus, resto-

ation of the peel-back sign to grade 0 was evident
ith repair in all specimens (P � .005) when com-
ared with the group with labral disruption to the 3
’clock position before the time of repair. After repair,
he labral tissue at the 2 and 3 o’clock positions
emained well coapted to the glenoid in internal rota-
ion of the humerus, but not when the humerus was in
xternal rotation.

DISCUSSION

Type II SLAP lesions were originally believed to
ccur as a result of acute trauma. This could take the
orm of a compression/sheer mechanism, as in the
ase of a fall on the outstretched arm, or could occur
s traction injury, as in the case of deceleration of the
rm after a throw, as described by Andrews et al.7

urkhart et al.4,8,9 has suggested an alternative mech-
nism that results from chronic attritional disruption
f the biceps anchor due to repetitive stress during
hrowing. They observed these injuries to occur in the
ate cocking phase and described the peel-back phe-
omenon as the principal pathophysiologic pathway in
hich the biceps tendon force vector shifts from an

nterior-horizontal direction to a more vertical and
osterior direction. This produces torsional force at
he base of the biceps that is transmitted to the poste-
ior labrum. Such a torsional force tends to peel back
he labrum. Repetitive traction, particularly with pos-
erior superior migration of the humeral head, results
n progressive attrition of anchor fibers and subse-
uent dynamic instability. Recent biomechanical evi-
ence supports the peel-back phenomenon as the pre-
ominant causative mechanism in type II SLAP
esions.10

This study demonstrates that disruption of the bi-
eps anchor alone is insufficient to cause the labrum to
eel back over the glenoid rim, thus proving the null
ypothesis. Data support the observation that visual-
zation of a grade 2 peel-back sign implies likely
abral disruption to the 2 o’clock position. Anterior
xtension of the labral disruption did not contribute
ignificantly to an increase in the peel-back grade. A
ingle suture anchor placed just posterior to the biceps
nchor at the 12:30 o’clock position eliminated the
eel-back phenomenon in all shoulders, thus further

alidating the observations of Burkhart et al.4 t
Vangsness et al.6 have described 4 variants of the
iceps tendon attachment to the glenoid and labrum.
nly 1 specimen was observed to have a type III

ttachment (equal contribution of the biceps to the
nterior labrum and the posterior labrum). This spec-
men failed to demonstrate grade 2 peel-back, even at
he 3 o’clock position of labral disruption. It is inter-
sting to note that the opposite shoulder from the same
ubject demonstrated a type II biceps attachment (with
ost fibers attaching to the posterior labrum and a

mall contribution to the anterior labrum) and failed
o demonstrate a grade 2 peel-back. Initially, it was
hought that peel-back of the labrum did not occur in
eniscoid specimens or biceps insertions that were

nterior dominant. It is difficult to draw definitive
onclusions, given the small number of meniscoid
pecimens.

Limitations of this study include the small sample
ize; no anterior dominant biceps insertion shoulders
ere included in this population. The cutting sequence
id not involve cutting anteriorly first. This study
equired the resection of several key structures sur-
ounding the shoulder, such as the rotator cuff (sub-
capularis was intact), the posterosuperior capsule, the
oracohumeral ligament, and the coracoacromial lig-
ment, to allow visualization of the labrum. This could
ave altered the anatomic forces that act on the supe-
ior labrum during abduction and external rotation.
rthroscopic evaluation of the peel-back phenomenon
ould have been ideal, but it was not feasible to
isrupt the labrum in a systematic, controlled, and
equential manner.

This study supports the importance of performing
he peel-back test during the diagnostic portion of
houlder arthroscopy. If grade 2 peel-back occurs,
abral disruption to at least the 2 o’clock position is
mplied. It is important to recognize that if the major
tabilizing fibers are inadequate, peel-back may occur,
espite the presence of soft tissue attachments, thus
eading to a potentially normal finding on magnetic
esonance imaging. It has been our clinical experience
hat magnetic resonance imaging and arthrography
ave poor sensitivity in detecting dynamic superior
abral instability.

The implication for repair of type II SLAP lesions is
hat a single suture anchor placed just posterior to the
iceps anchor at the 12:30 o’clock position will neu-
ralize the posterior force vector and eliminate the
eel-back phenomenon. However, from a biological
tandpoint, it is important to assess appropriate coap-
ation of the labrum to the glenoid and to use addi-

ional anchors as needed. Our cadaveric findings
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1167SLAP LESION AND PEEL-BACK OF THE GLENOID LABRUM
ould suggest that early postoperative rehabilitation
f these injuries should limit excessive abduction and
xternal rotation.

In summary, this study demonstrates the extent of a
ype II SLAP lesion required to cause peel-back of the
abrum. The grading scale proposed in this study may
nable a more accurate evaluation of the peel-back
henomenon. Clinical validation of the grading scale
s planned in a future study.

Acknowledgment: The authors thank Arthrex for pro-
iding the suture anchors used for labral repair, and Mal-
chy McHugh, PhD, for assisting with the statistical anal-
sis.
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TABLE 2. Demographic Information

Pt. Side

Biceps Insertion
Dominance

Labral
Morphology

Peel-back Grade at Level of Labral Disruption

Type
I

Type
II

Type
III

Type
IV

No
Intervention

Anchor
Only 1 o’clock 2 o’clock 11 o’clock 3 o’clock Repaired

1 R � Normal 0 0 0 1 1 2 0
2 L � Normal 0 0 1 2 2 2 0
3 R � Normal 0 0 0 1 1 1 0
4 L � Normal 0 0 1 1 1 1 0
5 R � Normal 0 0 1 1 2 2 0
6 L � Normal 0 2 2 2 2 2 0
7 R NA Normal 0 0 0 2 2 2 0
8 R NA Normal 0 0 0 1 1 2 0
9 L NA Meniscoid 0 0 0 0 0 0 NA

10 R NA Normal 0 0 1 2 2 2 0

TABLE 3. Peel-back Grade Versus Level of Labral Disruption

Grade
No

Intervention
Biceps Anchor

Only 1 o’clock 2 o’clock 11 o’clock 3 o’clock Repaired

0 100.0% 90% 50% 10% 10% 10% 100.0%
1 0 0.0% 40% 50% 40% 20% 0.0%
2 0 10% 10% 40% 50% 70% 0.0%

Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
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