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Abstract:  This article describes the structure and function of the labral-bicipital complex. It also
discusses incidence, classification, injury mechanisms, subjective and physical examination find-
ings, and conservative treatment options for lesions to the labral-bicipital complex, also known as
SLAP-lesions.
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The glenoid labrum receives only scant attention in
classic anatomy texts: Spalteholz and Spanner1 de-

vote one line in their entire text to the labrum, describ-
ing it as a fibrocartilaginous structure reinforcing the
glenoid cavity. Advances in arthroscopic surgery have,
however, greatly increased our need for a more precise
anatomic description. At the same time, these advances
have enhanced our ability to diagnose, treat, and under-
stand labral pathology2, including lesions to the supe-
rior labrum and the tendon of the long head of the bi-
ceps. This labral-bicipital-complex is becoming increas-
ingly recognized as an important stabilizing structure
for the glenohumeral joint3.
     In 1985, Andrews et al4 described antero-superior glenoid
labrum tears in 83% of 73 throwing athletes evaluated

arthroscopically. In 1990, Snyder et al5 retrospectively
reviewed 700 shoulder arthroscopies and identified 27
patients with an injury to the superior labrum; they
established a classification system for these injuries and
coined the acronym “SLAP”-lesion for Superior Labrum,
Anterior and Posterior-lesion. In a later retrospective review,
Snyder et al6 described 140 (6%) of 2375 patients treated
arthroscopically as presenting with a SLAP-lesion. Maffet
et al7 found arthroscopic abnormalities of the superior
labrum in 206 (29%) of 712 patients. LaBan et al8 noted
that 16% of all rotator cuff tears are accompanied by SLAP-
lesions. Field and Savoie9 observed a 2% prevalence of
two types of unstable SLAP-lesions during two years of
arthroscopic shoulder surgeries. Based upon studies with
a large series of patients undergoing an arthroscopy for
various conditions, Bey et al10 estimated the prevalence
of SLAP-lesions in this admittedly heterogenous popula-
tion to be between 6 and 11%.
     The superior labrum-biceps complex plays an impor-
tant role in the function of the glenohumeral joint. Accu-
rate diagnosis of a SLAP-lesion may have important impli-
cations for pursuit of a conservative approach. This article
describes the structure and function of the labrum-biceps
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complex. It also discusses diagnosis using the means available
to the physical therapist as well as conservative treatment
options for SLAP-lesions. The goal of this article is to improve
the therapist’s understanding of SLAP-lesions to facilitate
appropriate evaluation and treatment decisions.

Structure

Histology
     A controversy exists as to the histology of the gle-
noid labrum11. Both Spalteholz and Spanner1 and Mileski
and Snyder12 described it as a fibrocartilaginous struc-
ture. Prodromos et al13 studied 38 cadaveric shoulders
from individuals ranging in age from the second trimes-
ter of fetal life up to the tenth decade of life. They found
that the labrum of newborns consisted of a cellular, vascular
mesenchymal tissue. Most of the cells were undifferen-
tiated, but there were chondrocytes present near the articular
aspect of the labrum. The number of chondrocytes was
found to increase with age: in all specimens over seven
years old, the labrum was composed of fibrocartilaginous
tissue, distinct from the fibrous shoulder capsule and the
hyaline cartilage of the glenoid. They found no elastin
fibers in the labrum of newborns, but there were thin
elastin fibers sparsely distributed in the labra of individuals
in the second decade of life or older. In contrast, Cooper
et al14 studied 23 cadaveric shoulders from individuals
between the fourth and the ninth decade of life and found
the labrum to consist mainly of densely packed collagen
bundles. The only fibrocartilage was located in a transi-
tion zone between the articular cartilage and the fibrous
labrum. In a histologic analysis of 6 normal superior labra,
Kreitner et al15 found poorly vascularized dense bundles
of fibrous connective tissue; they described as well a
transitional zone between the normal labral tissue and
the hyaline cartilage composed of fibrocartilage with an
increased glycosaminoglycan content.

Vascularization
     The labrum receives its blood supply from the su-
prascapular artery, the circumflex scapular branch of the
subscapular artery and the posterior circumflex humeral
artery14. Controversy also exists regarding the extent of
vascularity of the labrum11. Cooper et al14 found vascular
penetration to be limited to the peripheral attachment
of the labrum to the shoulder capsule. No vessels were
found penetrating the central part of the labrum from
the underlying glenoid bone. Superior and antero-supe-
rior portions of the labrum were found to be less vascu-
lar than the posterior and inferior portions14. In contrast,
Prodromos et al13 found no distinct vascular and avascu-
lar areas and they described blood vessels even at the central
edge of the labrum; they did note a decrease of vascular-
ity with increasing age.

Anatomy of the superior labrum
     Morphology of the superior labrum differs quite dis-
tinctly from that of the inferior labrum14,16. The inferior
labrum is a rounded extension of the articular cartilage
consisting of inelastic fibrous14 (or possibly fibrocarti-
laginous1,12,13) tissue; in non-pathological circumstances,
it is firm and unmoving16.The superior and antero-supe-
rior labrum is described as meniscal, triangular in cross
section, with a loose attachment to the glenoid14. The
articular cartilage actually extends over the edge of the
glenoid rim in the 12 o’clock position of the glenoid cavity14.
The antero-superior labrum frequently inserts into the
fibers of the medial (MGHL) or inferior glenohumeral
ligament (IGHL) rather than into the glenoid margin6.
Cooper et al14 found the antero-superior labrum to be
loosely attached to the glenoid rim by thin capsular tis-
sue in 5 of 11 cadaveric shoulders, firmly attached in 2,
and not at all attached in 4. Other authors also described
this physiologic detachment of the antero-superior la-
brum and called it the sublabral hole, foramen, or re-
cess6,15,17.
     Smith et al17 studied 26 cadaveric shoulders from
subjects between 26 and 79 years old and found a sublabral
recess in 19 (73%) of the shoulders studied. In 16 shoul-
ders, the recess was located antero-superiorly, and in the
remaining 3 at the level of the insertion of the tendon of
the long head of the biceps. Kreitner et al15 studied 17
cadaveric shoulders from subjects between 64 and 87 years
old and found a sublabral recess in 12 (71%). In 7 shoul-
ders, the recess was located antero-superiorly, in 4 more
central, at the level of the biceps insertion, and in 1 shoulder,
through the entire base of the superior labrum. It has
been postulated that this sublabral foramen is a degen-
erative lesion resulting from pull of the glenohumeral
ligaments and the biceps tendon17. Smith et al17 did find
a weak correlation between the age of their specimens
and the depth of the sublabral recess possibly support-
ing this theory, but neither Smith et al17 nor Kreitner et
al15 found histological evidence of a traumatic origin for
the sublabral foramina. Schmitz and Ciullo18 reported a
12% incidence of this sublabral hole in 200 consecutive
shoulder arthroscopies. The importance of this sublabral
foramen and another anatomic variant called the Buford
complex, in which the antero-superior labrum is absent
and a thick MGHL takes its place, is that these variants
may mimic a superior labral lesion15.
     The postero-superior labrum is anchored at the 10
o’clock position of the glenoid rim with the labrum ei-
ther rounded as described for the inferior portion or more
triangular similar to the antero-superior labrum14. Pal
et al19, in their gross anatomy study of 24 cadaveric shoulders,
found that in 16, the postero-superior margin of the glenoid
was deficient and actually replaced by the tendon of the
biceps. They noted that the joint cavity in these speci-
mens extended between the tendon and the margin of
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the glenoid with a small postero-superior crescentic facet
covered with hyaline cartilage separated from the rest of
the joint cavity by a faint ridge. Histologic analysis to
substantiate these findings, however, was not performed.

Anatomy of the tendon of the long head of the biceps
     The tendon of the long head of the biceps is usually
described as inserting into the supraglenoid tubercle20.
At the 12 o’clock position of the glenoid, this tubercle is
located approximately 5 mm medial to the superior gle-
noid rim12,20. Cooper et al14 found that the superior la-
brum inserts directly into the biceps tendon distal to its
insertion and that collagen fibers of the biceps and la-
brum intermingle in this area with some labral collagen
fibers attaching also to the supraglenoid tubercle. Upon
dissection, Pal et al19 found that in 6 (25%) of 24 cadav-
eric shoulders, the major portion of the biceps tendon
was attached to the supraglenoid tubercle with a portion
of the tendon continuous with the superior labrum. In
16 (67%) shoulders, the major portion of the tendon inserted
in and even replaced the postero-superior labrum with
only a thin slip of the tendon inserting into the tubercle;
in 2 of these 16 shoulders, this slip was even absent. In
2 of the 24 shoulders, the biceps tendon was found to
blend with both the postero-superior and the antero-superior
labrum. Vangsness et al20 did an anatomical and histo-
logic study on 100 cadaveric shoulders from subjects aged
between the third to the ninth decade. They found that
in all shoulders, 40 to 60% of the biceps tendon inserted
into the supraglenoid tubercle. The remaining biceps tendon
fibers inserted into the labrum, either all posteriorly (22%),
mainly posteriorly with a small contribution to the an-
terior labrum (33%), equally anteriorly and posteriorly
(37%), or mainly into the anterior labrum (8%).

Function

Labrum
     The surface area of the humeral head is approximately
3 to 4 times that of the glenoid cavity16. The maximum
diameter of the glenoid is approximately 75% of the
maximum diameter of the humeral head in an infero-
superior direction, but it adds up to only 60% of the humeral
head diameter in an antero-posterior direction; at any
point in time, only 25-30% of the humeral head is actu-
ally in contact with the glenoid cavity16. The humeral head
articulates with the glenoid and possibly with the
capsulolabral structures. Thus, the labrum increases total
surface area available for articulation with the humeral
head16.
     Howell and Galinat21 studied 25 skeletally mature
cadaveric shoulders. They found a maximum depth of 8.8+/
-1.7 mm for the central portion of the glenoid in an infero-
superior direction; contribution of the labrum to that

depth was 48+/-8%. In the antero-posterior direction, the
maximum depth of the socket was 5.0+/-1.6 mm with
51+/-10% contributed by the labrum. In the narrowest
portion of the labrum, the total glenoid depth was only
3.5+/-1.2 mm with a labral contribution of 57+/-12%.
All values calculated for depth were normalized based on
a humeral head with a diameter of 44 mm.
     The labrum obviously contributes significantly to
glenoid socket depth. Similar to the force of gravity
compressing a car tire against the road and preventing
it from rolling up and over a chock block, the muscular
envelope of the shoulder may compress the humeral head
within the socket. This prevents the head from rolling
up and over the chock block formed by the labrum21. Labral
damage disrupts the circular configuration and hoop stresses
generated within the labrum rendering this chock block
mechanism less effective21.
     The labrum also acts like a seal: labral injury may
result in a loss of negative intra-articular pressure, fur-
ther reducing joint stability16. Finally, the labrum allows
for attachment of the glenohumeral ligaments to the
glenoid16. The superior glenohumeral ligament (SGHL)
originates from the supraglenoid tubercle and the adja-
cent labrum11. The MGHL originates adjacent to the SGHL
from the glenoid neck and antero-superior labrum11,16.
The IGHL blends into the inferior labrum with its ante-
rior band attached to the glenoid rim and labrum at the
antero-inferior 4 o’clock position14,16. What, however, is
the specific biomechanical function of the superior la-
brum-biceps-complex?

Labral-bicipital complex
     Warner and McMahon22 studied seven patients with
a rupture of the tendon of the long head of the biceps.
They excluded patients with rotator cuff involvement
through clinical examination, arthroscopic evaluation,
and MR imaging. In vivo radiographs were taken with
the arms positioned at 0, 45, 90, and 1200 of scapular
plane abduction. Comparing the involved to the uninvolved
shoulder, the authors found a significant (P<0.01) increase
in superior translation in the involved shoulder in all
positions except at 00 of abduction. Superior translation
was 2.1+/-1.6 mm for the involved versus –0.1+/-0.4 mm
for the uninvolved shoulder at 450, 2.4+/-0.8 mm versus
0.1+/-0.4 mm at 900, and 2.9+/-1.6 mm versus 0.6+/-0.8
mm at 1200 of abduction. Having been careful to rule
out rotator cuff involvement, the authors stated that the
increase in superior translation observed during scapu-
lar plane abduction was due to loss of the action of the
tendon of the long head of the biceps. They also stated
that decreased biceps function and the resultant increased
superior translation of the humeral head might contrib-
ute to the development of subacromial impingement in
the presence of a type II or III (hook-shaped) acromion
(conform the Bigliani classification).
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     Itoi et al23 studied the contribution of both the short
and the long head of the biceps to anterior stability. Leaving
the rotator cuff and capsule intact and replacing the long
and short head of the biceps with springs, they mounted
13 cadaveric shoulders in a position to simulate what,
on visual inspection of the illustration in their article,
appears to be 600 of glenohumeral scapular plane abduc-
tion. They monitored anterior translation in response to
application of a 1.5 kg anterior force applied to the proximal
humerus in 60, 90, and 1200 of external rotation. The
capsule was left intact, vented, or with a lesion of the
antero-inferior capsule intended to simulate a Bankart
lesion. Anterior displacement was significantly reduced
in shoulders with an intact capsule by loading the long
head of the biceps with either 1.5 or 3 kg at both 60
(P<0.0001) and 90 (P=0.0011) but not at 1200 of external
rotation. Loading the short head had similar effects at
both 60 (P<0.0001) and 90 (P=0.0003), but again not at
1200. Venting the capsule made no difference in displace-
ment, but after creation of a Bankart lesion, both long
head and short head loading significantly (P<0.0001)
decreased anterior displacement at all positions of exter-
nal rotation, including 1200. The authors stated that both
the long and the short head of the biceps function as
anterior stabilizers of the glenohumeral joint with an
increasing role in unstable shoulders.
     Pagnani et al24 measured antero-posterior and supero-
inferior translation as a result of an anterior, posterior,
inferior, and superior 55 N force in 7 cadaveric shoul-
ders with and without a 55 N force applied to the tendon
of the long head of the biceps. Shoulder capsules were
vented prior to testing to eliminate the effects of nega-
tive intra-articular pressure. A constant 22 N compres-
sive load was applied to the shoulders. Shoulders with
evidence of rotator cuff tear and degenerative joint dis-
ease were excluded. The shoulders were tested in seven
positions: 0, 45, and 900 of scapular plane abduction
accompanied by neutral, 300 of internal, and 300 of ex-
ternal rotation. At 00 of abduction, only neutral rotation
was tested.
     Translation in a shoulder with an intact labrum was
compared to a situation in which the antero-superior labrum
with the glenoid attachments of the SGHL and MGHL
were detached. The shoulder with an intact labrum was
also compared to one in which this lesion was extended
equally far posteriorly, affecting the biceps attachment
to the labrum. The antero-superior lesion had no sig-
nificant effect on translation, with or without biceps tension.
With the complete lesion, there was a significant (P=0.004)
increase in anterior translation of 4.0 mm at 900 of el-
evation and internal rotation. At 450, there was a signifi-
cant increase in anterior translation of 6.0 mm in neu-
tral rotation and of 6.3 mm in internal rotation (both
P<0.0001). Inferior translation increased significantly with
1.9 to 2.5 mm in all positions of rotation. Application of
biceps tension in the presence of the complete lesion reduced

translation, but it remained significantly increased as
compared to one without the lesion. The authors stated
that superior labral lesions involving the supraglenoid
insertion of the biceps would increase glenohumeral
translation in multiple directions, especially in the lower
and middle ranges of scapular plane abduction. They noted
this usually is not associated with overt instability, yet
patients may report a sensation of looseness or slipping
of the shoulder with subtle increases of translation upon
physical examination. They also noted that the observed
stabilizing function of the biceps may be further impaired
in vivo by inhibition due to pain or unfavorable length/
tension relationships due to loosening of the proximal
attachment of the biceps, resulting in greater increases
in translation.
     Rodosky et al25 used 7 cadaveric vented shoulders from
subjects with a mean age of 55.6 years to determine the
effect of the level of contraction of the long head of the
biceps on torsional rigidity of the shoulder and strain in
the anterior-superior band of the IGHL. Torsional rigid-
ity is the torque required to produce a unit of angular
twist; i.e., it is a measure of the ability of the shoulder
to withstand excessive rotational forces e.g. as experi-
enced during the late cocking position of an overhead
throw. Rotator cuff forces were simulated based on EMG
measurements of muscle activity during late cocking and
based on cross-sectional area measurements of the rota-
tor cuff muscles on the specimens. Each shoulder was
tested at 0, 25, 50, 75, and 100% of the extrapolated
maximum force of the long head of the biceps. In nor-
mal shoulders, torsional rigidity increased with increas-
ing biceps force up to a 32% increase at 100% biceps
force; strain in the anterior band of the IGHL remained
virtually constant despite increasing external rotation forces
applied to the glenohumeral joint in the presence of
increasing biceps muscle force. Measurements were re-
peated after the superior labrum, including the origin of
the long head of the biceps, was subperiosteally stripped
from the 10 o’clock to the 2 o’clock position. Mean tor-
sional rigidity was found to be 19% higher in normal
shoulders at 0% biceps force, tapering off to an 11%
difference at 100% biceps force (P<0.01). Strain in the
IGHL was found to be 120% higher at 0% biceps force
with the experimentally induced superior labral lesion.
This strain lessened as biceps force was increased; a 102%
increase in IGHL strain occurred at 100% biceps muscle
force. The authors stated that the long head of the bi-
ceps contributes to anterior shoulder stability by increasing
torsional rigidity of the shoulder and by reducing strain
on the IGHL.

Classification
     Snyder et al5 were the first to describe a classifica-
tion system for injuries involving the superior part of
the glenoid labrum, that begin posteriorly and extend
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anteriorly, stopping at or above the mid-glenoid notch.
They coined the term SLAP-lesion or Superior Labrum
Anterior to Posterior-lesion and identified four different
types of SLAP-lesions (Figure 1):
• Type I: There is marked fraying of the labrum with
a degenerative appearance. The peripheral labral edge

this tear is displaceable into the joint, but the peripheral
portion remains attached to the underlying glenoid and
to the tendon of the long head of the biceps. The biceps
tendon is intact.
• Type IV: In type IV lesions, there is a bucket handle
tear in the superior labrum similar to the type III lesion,
but this tear extends into the biceps tendon. This partial
biceps tendon tear can displace together with the labral
flap into the joint cavity.
     In their original article, Snyder et al5 stated that a
detachment of the superior labrum from the peripheral
aspect of the glenoid should invariably be considered
pathological, i.e., diagnosed and treated as a type II SLAP-
lesion. This is not supported by the anatomical descrip-
tions of the superior labrum discussed earlier. Mileski
and Snyder12 altered the original description by noting
that findings consistent with a SLAP-lesion include:
• signs of hemorrhage or granulation tissue beneath
the biceps tendon and superior labrum,
• presence of a space between the articular cartilage
margin of the glenoid and the attachment of the labrum
and biceps anchor,
• arching away of the superior labral mechanism from
the glenoid for more than 3 to 4 mm, when traction is
applied to the biceps tendon.
     Maffet et al7 retrospectively reviewed 712 arthroscopic
shoulder surgeries and identified 206 patients with ab-
normalities of the superior labrum. Isolated minor fray-
ing was found in 122 patients, consistent with the de-
scription of a type I SLAP-lesion and left untreated. Of
the remaining 84 patients, 52 (62%) fit into the estab-
lished classification system. They expanded the original
system with three more categories to be able to classify
the remaining patients:
• Type V: This lesion has an anterior-inferior Bankart
lesion that continues superiorly and includes separation
of the biceps tendon from the glenoid margin.
• Type VI: There is an unstable flap tear of the labrum,
in addition to the biceps tendon separation.
• Type VII: The separation of the superior labrum-bi-
ceps tendon-complex extends anteriorly beneath the MGHL.

Diagnosis
     Diagnosis of a SLAP-lesion is based on patient his-
tory (injury mechanism, symptoms), clinical tests, diag-
nostic imaging, and arthroscopic evaluation. Possible
arthroscopic findings have been discussed above in Anatomy
and Classification. Diagnostic imaging is outside of the
scope of this article.

Injury mechanism
     During arthroscopic surgery, Andrews et al4 showed
that electrical stimulation to the biceps in five of their
patients raised the superior portion of the labrum off the

Fig. 1: Type I-IV SLAP-lesions. Reprinted with per-
mission from Snyder SJ, Banas MP, Karzel RP. An analysis
of 140 injuries to the superior glenoid labrum. J Shoul-
der Elbow Surg 1995;4:243-48.

Type I SLAP lesion with
frayed and degenerated
superior labrum

Type II SLAP lesion with
detachment of superior
labrum and biceps tendon
from glenoid rim.

Type III SLAP lesion with
bucket-handle tearing of
superior labrum. Remain-
ing labral tissue remains
anchored to glenoid rim.

Type IV SLAP lesion with
extension of displaced
bucket-handle labral tear
into biceps tendon.

remains firmly attached to the glenoid and the attach-
ment of the biceps tendon to the labrum is intact as well.
• Type II: Fraying and degenerative changes are simi-
lar to the changes seen in a type I lesion, but, in addi-
tion, the superior labrum and the biceps tendon are stripped
away from the underlying glenoid, resulting in an un-
stable labral-biceps anchor arching away from the gle-
noid.
• Type III: There is an antero-posterior bucket handle
tear in the superior labrum. The more central portion of
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glenoid, while simultaneously compressing the humeral
head into the glenoid cavity. They also reported on a
biomechanical analysis of the throwing movement and
calculated moments in excess of 600 inch lbs (69 Nm)
produced in the elbow during the acceleration phase of
the overhead throw. They hypothesized that forces im-
parted by the biceps tendon, particularly during the fol-
low-through phase might cause mechanical disruption
of the superior labrum, as the biceps eccentrically con-
tracts to decelerate the elbow as well as to provide com-
pressive force to stabilize the glenohumeral joint. This
mechanism of injury may be even more prevalent in unstable
shoulders: Glousman et al26 found a significant increase
in electromyographic activity of the biceps during the
acceleration phase in throwing athletes with glenohumeral
instability.
     In their initial study of 27 patients, Snyder et al5

described the main mechanism of injury in 13 patients
to be a fall onto an outstretched arm held in abduction
and slight forward flexion at the moment of impact. A
second mechanism of injury was traction to the arm. This
could be the result of a sudden pull (six patients), or it
could be due to a throwing or other overhead motion
(two patients). In six patients, there was an insidious onset.
The authors postulated that a SLAP-lesion is caused by
the combination of a proximal subluxation of the humeral
head and a compression force on the superior joint sur-
face causing the labrum and biceps tendon to be pinched
between the humeral head and the glenoid. They stated
that this might cause a traumatic disruption to these tissues
and possibly even a compression fracture to the superior
humeral head. Further abduction of the arm may cause
a type III or IV lesion in the presence of a meniscoid glenoid
labrum27. They also suspected that the traction-type in-
jury might be further aggravated by a strong reflex con-
traction of the biceps.
     In their study of 140 cases6, Snyder et al found 43
patients to have fallen or received a direct blow to the
shoulder. A glenohumeral subluxation or dislocation was
the cause in 27 patients, while 23 started having prob-
lems when lifting a heavy object, 19 had an insidious onset,
and in 16 the complaints started as a result of overhead
or racquet sports. The authors were unable to prove the
assumptions made in their first study regarding mecha-
nism and type of injury5: no statistical correlation was
found between type of SLAP-lesion and mechanism of
injury.
     Maffet et al7 recorded traction injuries (e.g., traumatic
dislocation, abduction-external rotation while throwing
or swinging a heavy hammer, anterior traction with
waterskiing, or upward traction when grabbing overhead
onto something to halt a fall) as the mechanism of in-
jury in 66% of their patients. Inferiorly directed traction
was most common. They found instability in 44.5% of
patients during anaesthesia but made no assumptions
regarding the relationship between SLAP-lesions and

glenohumeral instability.
     Cordasco et al28 also noted traction injuries to be the
most prevalent cause of SLAP-lesions, as 25 of their 27
patients were involved in overhead sports. They found
instability in 70% of their patients under anaesthesia and
stated that labral tears should be considered the result
of instability, rather than isolated, primary lesions. In
this study, indication for surgery was no response to an
average of 24 months of conservative therapy: this long
period between initial onset of complaints and surgery
does not seem to exclude instability developing as a re-
sult of changed glenohumeral mechanics after the SLAP-
lesion occurred.
     To clarify the importance of inferior glenohumeral
subluxation in the production of type II SLAP-lesions,
Bey et al10 applied traction to the long head of the biceps
of 16 cadaveric shoulders (age 62+/-7.2 years). Eight
shoulders were in a reduced position and the other eight
in a 20 mm inferiorly subluxed position. The number of
SLAP-lesions produced in the inferiorly subluxed group
(7/8) was significantly (P=0.03) higher than in the re-
duced group (2/8). They hypothesized that inferior sub-
luxation caused the biceps tendon to be directed more
inferiorly at its insertion, increasing the chance for a type
II SLAP-lesion. They were unsure whether the amount
of subluxation required for the experimental production
of SLAP-lesions would actually result in clinical symp-
toms of shoulder instability. They agreed with Snyder et
al5 that it is unlikely that all types of SLAP-lesion are
caused by the same mechanism: type II lesions are likely
produced by traction, whereas type I, III, and IV lesions
are more likely to be caused by a combination of shear-
ing and compression in the glenohumeral joint.

Subjective symptoms
     When attempting to describe the subjective symp-
toms specific to a SLAP-lesion, we are faced with a prob-
lem. Descriptions in the literature are seldom of patients
with isolated SLAP-lesions, either because of a prolonged
time before appropriate diagnosis, in which secondary
problems have had a chance to develop, or because of
the extent of the original injury, which involved mul-
tiple structures about the shoulder. In their original study
of 27 patients, Snyder et al5 found a partial rotator cuff
(RC) tear in seven, a full-thickness tear in four, anterior
instability in four, humeral head chondromalacia or an
identation fracture in seven, and acromio-clavicular (AC)
arthritis in three patients. In their study of 140 patients6

there were 40 patients with partial RC tears, 15 with full-
thickness tears, 31 with Bankart-lesions, 22 with AC
degeneration, and 14 with glenohumeral chondromala-
cia. Andrews et al4 noted partial RC tears in 45% of 73
throwing athletes with superior labral lesions. Maffet et
al7 reported 32 partial, 4 full-thickness, and 4 RC inter-
val tears in their 84 patients.

76  / The Journal of Manual & Manipulative Therapy, 2001



     Shoulder pain appears to be the most common com-
plaint of patients with SLAP-lesions. Snyder et al5,6 re-
ported shoulder pain in 100% of patients in both stud-
ies. They also reported shoulder pain in all 40 patients
with an isolated SLAP-lesion6. Maffet et al7 reported non-
specific posterior shoulder pain in 99% and aching in
21% of their patients. Andrews et al4 reported an increase
in pain with throwing in 95% of the throwing athletes
treated. Glasgow et al2 stated that a sudden inability to
perform overhead throwing or striking activities due to
pain without reference to a specific injury, in combina-
tion with the presence of a palpable click on testing, is
highly suggestive of a labral tear in overhead athletes.
Pain is most common with overhead activities5,12 but can
also occur with lying on the affected shoulder or other
unspecified ADL12.
     Mechanical symptoms also appear to be common in
this patient population. Andrews et al4 reported popping
or catching with throwing in 47% of their patients.
Symptoms of catching, locking, popping, or grinding were
present in 12 of 27 patients5, and in 49% of 140 patients6

in the studies by Snyder et al5,6. Of the 40 patients with
isolated SLAP-lesions in the later study6 70% had said
mechanical symptoms. Patients may also complain of the
sensation of the “shoulder going out”7,8,18. This feeling
results from labral tears that become interposed between
the humeral head and the glenoid7,18. Patients may re-
port a need to “move (the labral fragment) around to get
it back in place”11.
     Andrews et al4 noted subjective reports of limited ROM
in only 3% of patients, whereas Maffet et al 7 found this
in 12% of their patients. Decreased strength was a com-
plaint in 18% of the patients in the study by Maffet et al7.

Clinical tests
     When trying to describe physical examination find-
ings specific to patients with SLAP-lesions, we are again
faced with the problem that SLAP-lesions described in
the literature are seldom isolated lesions. In recent lit-
erature, however, there has been a plethora of reports
describing sensitivity and specificity of clinical tests to
detect SLAP-lesions3,29-33.
     Kibler3 described the anterior slide test (Figure 2).
The patient is positioned in either sitting or standing,
with the hand on the hip and the thumb pointing pos-
teriorly. The examiner places one hand across the top of
the shoulder from a posterior direction with the last part
of the index finger extending over the anterior aspect of
the acromion at the glenohumeral joint. The examiner’s
other hand is placed behind the elbow, and an anteriorly
and slightly superiorly directed force is applied to the
elbow and the upper arm. The examiner asks the patient
to push back against this force. The rationale for this
test is to create an anterior and superior translation of
the head of the humerus on the glenoid, which should

normally be resisted by an intact superior labrum, bi-
ceps, and superior glenohumeral complex. According to
Kibler, this test is intended to detect lesions of the su-
perior glenoid labrum, with or without a movable free
fragment. The test is considered positive in case of pain
at the anterior shoulder under the examiner’s hand, and/
or production of a pop or click in the same area. The test
is also positive if it reproduces the symptoms the patient
normally notes during overhead activity.
     Kibler performed the test on three groups of throw-
ing athletes with either confirmed superior labral tears
or partial thickness RC tears and/or superior labral tears
or antero-inferior instability and/or superior labral tears.
He also used one group of throwing athletes without
complaints but with an internal rotation (IR) deficit of
more than 250, and one group of non-overhead throwing
soccer athletes. Sensitivity was found to be 78.4% with
a specificity of 91.5%. The author noted that the test might
be more useful with a concomitant RC injury than with
a concomitant instability. Decreased IR, frequently found
in throwing athletes, only caused a low (11%) incidence
of false-positive tests. Even though specificity was found
to be high, Kibler stated that sensitivity was insufficient
to warrant using this test as a sole diagnostic criterion.
     Liu et al30 did a prospective evaluation of the diag-
nostic value of what they named the crank test (Figure
3). Their protocol calls for the test to be performed first

Fig. 2:  Anterior slide test. Adapted from Kibler WB.
Specificity and sensitivity of the anterior slide test in throwing
athletes with superior glenoid labral tears. Arthroscopy
1995;11:296-300.
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in sitting and then with the patient supine. The arm is
elevated to 1600 in the scapular plane. A joint load is applied
by the examiner along the long axis of the humerus with
one hand, while with the other hand the examiner per-
forms external (ER) and internal rotation. The test is

the patient is horizontally flexed across the chest. The
elbow is extended and the forearm pronated (thumb down).
This may cause pain in the area of the bicipital groove
with or without an audible or palpable click. The test is
subsequently repeated with the forearm supinated (thumb

Fig. 3: Crank test. Adapted from Liu SH, Henry MH, Nuccion SL. A prospective evaluation of a new physical exami-
nation in predicting glenoid labral tears. Am J Sports Med 1996;24:721-25.

considered positive if pain is reproduced with or without
a click, or if symptoms (usually pain or catching felt by
the patient during work or athletic activities) are repro-
duced. Pain is usually felt during the ER portion of the
test. A positive test is positive in both sitting and in supine.
The authors studied 62 patients excluding patients with
a history of dislocation or RC weakness clinically indica-
tive of an RC tear. Pre-operatively there were 31 patients
diagnosed with RC tendinitis and 31 with labral tears;
intra-operatively 32 patients were found to have a labral
tear. All tears involved the superior labrum; two extended
postero-inferiorly, six antero-inferiorly. The sensitivity
of the crank test was determined to be 91%, sensitivity
93%, positive predictive value 94%, and negative predic-
tive value 90%. The authors stated that the crank test
could be used as a sole physical examination test highly
accurate for the diagnosis of labral tears.
     Berg and Ciullo described the SLAP prehension test
(Figure 4), initially without34 but later with data on sen-
sitivity29. With the patient seated or standing, the arm of

up). This should cause a decrease in the reported pain.
If there is no decrease, the test is considered negative or
indeterminate. The rationale behind the test is that el-
bow extension and forearm pronation put tension on the
tendon of the long head of the biceps. As scapular pro-
traction becomes limited due to the clavicle, further
horizontal flexion will entrap an unstable labral-bicipi-
tal-complex between the glenoid and the humeral head
causing pain. Tension on the biceps is reduced with
supination of the forearm allowing the labrum and bi-
ceps to reduce resulting in a decrease in pain reported.
This mechanism was arthroscopically confirmed in two
patients. The authors retrospectively reviewed 66 patients
with arthroscopically confirmed SLAP-lesions. The SLAP
prehension test was found to be sensitive in only 50% of
stable, i.e., type I-lesions. Sensitivity for unstable SLAP-
lesions (type II, III, and IV) was found to be 87.5%. The
authors recommended further study into specificity and
accuracy of the test but pointed out that this test did
have promise for distinguishing stable from unstable SLAP-

78  / The Journal of Manual & Manipulative Therapy, 2001



lesions, which may be important for management, be-
cause type I SLAP-lesions may not be clinically signifi-
cant7,29.
     O’Brien et al32 described the active compression test
(Figure 5) to diagnose both labral tears and AC abnor-
malities. The patient flexes the arm forward to 900 with
the elbow fully extended and then adducts the arm 10-
150 medial to the sagittal plane. With the arm internally
rotated, such that the thumb points down, the patient is
asked to hold an isometric flexion against the resistance
provided by the examiner standing behind the patient.
The test is repeated with the arm in the same position
and the forearm fully supinated. A test is considered positive
when pain is elicited by the first maneuver and is reduced
or even eliminated with the second maneuver. Pain lo-
calized to the AC joint or on the top of the shoulder is
considered diagnostic of AC abnormality; pain or painful
clicking, described as inside the glenohumeral joint, is
considered diagnostic for labral abnormality. A prospec-
tive evaluation of 268 patients showed a sensitivity of 100%,
specificity of 98.5%, positive predictive value of 94.6%,
and negative predictive value of 100% for the test when
used to diagnose labral tears. Values for diagnosis of AC
abnormalities were 100%, 96.6%, 88.7%, and 100%,
respectively. The authors did not mention whether this
test is specific to a specific type of labral tear, yet they
offered a rationale similar to Berg and Ciullo’s34 to ex-
plain its use as a labral test.
     Excluding patients with glenohumeral instability,

Mimori et al31 prospectively evaluated a provocation test
for tears of the superior labrum in 32 throwing athletes
(Figure 6). The test is performed in sitting with the shoulder
in 90-1000 of abduction. The arm is then passively exter-
nally rotated maximally with the forearm either in maxi-
mum pronation or in maximum supination. The test is
considered positive when pain is provoked only in the
pronated position or when pain is more severe in this
position. Rationale for the test again is based on differ-
ences in biceps tension due to pronation or supination.
Test results were compared with findings on MR arthrog-
raphy in 32 and arthroscopy in 15 patients. A type II SLAP-
lesion was arthroscopically confirmed in 11 patients.
Sensitivity for superior labral detachment (confirmed in
22 patients) was 100%; specificity was found to be 90%.
The authors also studied the crank test described by Liu
et al30 and found sensitivity and specificity of 83% and
100%, respectively, for diagnosing superior labral detach-
ment. The authors doubted the usefulness of their test
for diagnosing type I-lesions.
     Kim et al33 used the studies by Glousman et al26 and
Rodosky et al25 on the role of the biceps in increasing
torsional rigidity and anterior stability of the shoulder
to develop the biceps load test (Figure 7). The test is meant
to determine whether there is a concomitant SLAP-le-
sion in shoulders with recurrent anterior dislocations.
The patient is supine and the examiner sits next to the
patient on the affected side. With the shoulder abducted
to 900 and the forearm supinated, an anterior apprehen-

Fig. 4: SLAP prehension test. Adapted from Berg EE, Ciullo JV. A clinical test for superior glenoid labral or “SLAP”
lesions. Clin J Sports Med 1998;8:121-23.
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sion test is performed by externally rotating the shoul-
der. At the point of apprehension, the patient is asked to
isometrically contract the biceps. Decreased pain indi-
cates an intact biceps-labral complex. The test is posi-
tive if apprehension is not changed or if the shoulder
becomes more painful.  In their study of 75 patients with
recurrent anterior dislocations, 12 of whom had
arthroscopically confirmed type II-SLAP lesions, sensi-
tivity of the test was determined to be 90.9%, specificity
96.9%, positive predictive value 83%, and negative pre-
dictive value 98%.
     The literature reviewed mentions a number of other
physical signs and tests usually without reference to accuracy.
These tests may be helpful, nonetheless, in diagnosing a
SLAP-lesion. Andrews et al4 found popping or catching
in 79% of their patients, especially in full flexion or
abduction. Snyder et al6 found crepitations with ROM in
27% of their patients with an isolated SLAP-lesion. Mileski
and Snyder12 reported audible popping or snapping in 43%
of 23 patients with an isolated SLAP-lesion. Biceps ten-
sion tests are frequently positive5,6,8,9,12 : Snyder et al6 found
40% positive biceps tension signs in 40 patients with isolated
SLAP-lesions and Mileski and Snyder12 found 35% posi-
tives in a similar group of 23 patients. Kim et al33 found

a sensitivity of 72.7%, a specificity of 78.1%, a positive
predictive value of 36%, and a negative predictive value
of 94% for a biceps tension test in their population of
patients with recurrent anterior dislocations with con-
comitant type-II SLAP-lesions. In three studies with patients
with isolated superior labrum injuries, the anterior ap-
prehension test was found to be positive in 27%6, 39%12,
and 52%28. Impingement tests were positive in 60% of
the patients with isolated lesions in a study by Snyder et
al6. The Neer sign was positive in 52%, and the Hawkins
sign in 35% in a similar group in the study by Mileski
and Snyder12; the same study found pain on resisted
supraspinatus testing in 35% of patients12.
     With the clunk test, the patient is supine with the
arm fully abducted and one hand of the examiner placed
posteriorly on the head of the humerus. The examiner
then externally rotates the humerus while applying an
anteriorly directed force on the humeral head.  A clunk
or grinding is indicative of a labral tear35. With the com-
pression-rotation test5,6,8,12, the patient is again positioned
supine with the shoulder 900 abducted and the elbow 900

bent; under axial compression the humerus is rotated in
an attempt to trap the torn labrum; labral tears may be
felt to catch or snap with this test6.

Fig. 5:  Active compression test. Adapted from O’Brien SJ, Pagnani MJ, Fealy S, McGlynn SR, Wilson JB. The active
compression test: A new and effective test for diagnosing labral tears and acromioclavicular joint abnormality. Am J Sports
Med 1998;26:610-13.
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Treatment
     There are outcome studies available with regards to
surgical intervention. However, surgical intervention lies
outside of the scope of this article. Research on the outcomes
of conservative treatment protocols is, to my knowledge,
not available. We will have to rely on the few suggestions
that have been published 18,30,36 in combination with a
common sense approach based on the information dis-
cussed previously.
     At this point, it is important to summarize possibly
clinically relevant information. Cooper et al14 found the
superior and antero-superior portions of the labrum to
be less vascularized than the posterior and inferior por-
tions; they also found vascular penetration to be limited
to the peripheral attachment of the labrum to the joint
capsule. Burkhart and Fox37 stated that this distribution
of vascularity in the central versus peripheral part of the
labrum may affect decisions regarding excision versus
repair; they compared these injuries in the different parts
of the labrum with lesions in the avascular and vascular
portions of the meniscus in the knee. Extending this
assumption to conservative therapy, it seems to make little
sense to attempt to conservatively treat a tissue that is
not or poorly vascularized and, therefore, has no or only
limited healing potential. Clinical tests and diagnostic
imaging may give us an indication as to location and healing
potential of the tissue. Most type II and IV, and some type
III SLAP-lesions do not appear to be an indication for
conservative therapy. Further extending the analogy with
the meniscus, if the lesion is in a vascularized portion of

the labrum, an important therapeutic goal would be to
maximize healing potential by decreasing shear forces
on the injured tissue. These shear forces have been hy-
pothesized to play a role in producing the labral lesion5,10

and would certainly seem to have the ability to reinjure
the tissue and delay healing. Muscle force has been hy-
pothesized to compress the humeral head into the la-
brum preventing it from rolling up and over the labrum21,
thereby imparting shear forces to the labrum. Address-
ing the instability responsible for excessive shear forces
would be a treatment priority.
     Cordasco et al28 bluntly stated that SLAP-lesions are
the result of instability and should not be considered isolated
lesions. Partly supporting this view, Bey et al10 did find
a greater incidence of type II-lesions in shoulders with
an inferior subluxation. Liu et al30 stated that it is as of
yet unclear whether labral tears result from a pre-exist-
ing instability or whether they are sustained at the time
of the original injury that also leads to the instability.
They questioned whether the pain most patients with a
SLAP-lesion complain about is the result of the labral
tear or the instability. The authors suggested an inten-
sive 3-month program of activity modification, non-ste-
roidal anti-inflammatory medications, and physical therapy
(PT) for patients with mild instability and labral tears.
The PT program is described as PROM, followed by AROM
of the shoulder, strengthening of the RC and scapular
stabilizers, and finally functional and sport-specific activities.
Patients who experience relief are thought to have had
pain as a result of the instability; the source of pain in
those refractory to treatment is hypothesized to be the

Fig. 6: Provocation test for tears of the superior labrum. Adapted from Mimori K, Muneta T, Nakagawa T, Shinomiya
K. A new pain provocation test for superior labral tears of the shoulder. Am J Sports Med 1999;27:137-142.
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labral tear. SLAP-lesions have been shown to increase
translation in multiple directions, most notably anteri-
orly and inferiorly, in the lower to midrange of scapular
plane abduction, without directly creating overt instabil-
ity24. Indirectly, however, SLAP-lesions may cause antero-
inferior instability, as reduced mechanical efficiency of the
long head of the biceps in type II-lesions has been shown
to increase IGHL strain25. The role of the biceps as an anterior
stabilizer has been shown to increase in the presence of
anterior instability23. It seems to make good clinical sense
to address issues of RC and scapulothoracic muscle en-
durance, strength, and coordination to compensate for a
compromised labral-bicipital-complex.
     All capsulolabral injuries compromise glenohumeral
stability to some extent. An incompetent long head of the
biceps has been shown to result in increased superior
translation with scapular plane abduction22; this may di-
rectly stress the RC via mechanical attrition due to im-
pingement but also indirectly as the RC attempts to con-
trol glenohumeral arthrokinematics with a decreased bi-
ceps contribution30. Increased stress to the RC may ex-
plain the high incidence of concomitant RC symptoms in
patients with SLAP-lesions. Addressing the RC with anti-
inflammatory modalities, joint and soft tissue mobiliza-
tion, and exercise to increase RC and scapular muscle
endurance, strength, and coordination should be part of
the treatment program in the case of RC involvement.
     Anatomical studies have shown the intimate relation-
ship between the tendon of the long head of the biceps
and the superior labrum14,19,20. Indeed, some studies found
that in the majority of shoulders the tendon inserted al-
most exclusively into the labrum19. Biceps contraction has

been found to lift the labrum off the glenoid in case of
superior labrum lesions4. Williams et al36 stated that we
should either avoid or carefully monitor biceps strength-
ening in patients with SLAP-lesions: traction to the heal-
ing superior labrum with the risk of subsequent re-injury
may outweigh the need to maintain the biceps as a gleno-
humeral stabilizer. Exercise for RC and scapulothoracic
muscles to compensate for lacking biceps function may
be indicated rather than outright biceps strengthening.

Conclusion
     Rehabilitation potential by means of physical therapy
interventions seems very limited for most type II and IV,
and for some type III SLAP-lesions. The main role for
the physical therapist in this type of lesion appears to be
the correct identification of these patients, followed by
a referral for a surgical opinion. This review of the mecha-
nisms of injury and the complaints associated with SLAP-
lesions should help the physical therapist to identify patients
at risk for this type of lesion. The SLAP prehension test29,34

has shown greater sensitivity for identifying type II-IV
SLAP-lesions. The active compression test32, the provo-
cation test for tears of the superior labrum31, and the biceps
load test33 are based on a similar biomechanical ratio-
nale. They may, therefore, also be useful for distinguish-
ing between stable and unstable SLAP-lesions.
     The relationship between rotator cuff lesions and
glenohumeral instability on the one hand, and SLAP-lesions
on the other hand is equivocal. It is unclear if the SLAP-
lesion causes the other lesions, or whether the SLAP-
lesion is secondary to these lesions. Their interdepen-
dence appears to be more complex than a straightfor-
ward cause and effect relationship. Increasing glenohumeral
stability by addressing rotator cuff and capsuloligamentous
strain and their causative factors, other than the SLAP-
lesion, and by strengthening rotator cuff and scapulothoracic
musculature may be a valid therapeutic approach in type
I and some type III SLAP-lesions. It may also be the only
therapeutic option in those patients with contra-indica-
tions to surgical intervention. Biceps strengthening, which
normally may be part of the treatment for rotator cuff
lesions and instability, should be done with caution, as
it may aggravate and progress existing SLAP-lesions.
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Han K. Biceps load test: A clinical test for superior labrum
anterior and posterior lesions in shoulders with recurrent
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