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Effect of Lesions of the Superior Portion

of the Glenoid Labrum on Glenohumeral Translation*

BY MI(1-IAEE. J. PAGNANI. M.D.t, NASHVILLE. TENNESSEE. XIANG-HUA DENG. M.D4. RUSSELL F. WARREN. M.D4.

I�ITER A. TORZILLI. PH.D4. AND DAVID W. ALTCHEK. M.D4. NEW YORK. N.Y.

hitt’Sti,g(liiOii /)e?fonl?ied at i/u’ Sports J’v.fedicine and S/toll/den Service and i/ic Laboratory for Soft Tissue Researc’/i,
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ABSTRACT: Lesions of the superior portion of the

glenoid labrum were created in seven cadavenic shoul-

dens. The shoulders were mounted on a special apparatus

attached to a servocontrolled hydraulic materials-testing
device. Sequential fifty-newton anterior, posterior, supe-

nor, and inferior forces and a twenty-two-newton joint

compressive load were applied to the shoulders. In ad-

dition, a fifty-five-newton force was applied to the ten-

don of the long head of the biceps brachii. The shoulders

were tested in seven positions of glenohumeral elevation

and rotation.

An isolated lesion of the anterosupenior portion of

the labrum, which did not involve the supraglenoid
insertion of the biceps brachii, had no significant effect
on anteropostenior or superoinfenior glenohumeral

translation, either with or without application of the
fifty-five-newton force to the biceps brachii tendon. In

contrast, a complete lesion of the superior portion of

the labrum that destabilized the insertion of the biceps

resulted in significant increases in anteropostenior and
superoinfenior glenohumeral translations. At 45 de-

grees of glenohumeral elevation, the complete lesion

led to a 6.0-millimeter increase in anterior transla-

tion when the arm was in neutral rotation and to a

6.3-millimeter increase when the arm was in internal
rotation; inferior translation also increased, by 1.9 to
2.5 millimeters. The increases in translation persisted
despite application of a fifty-five-newton force to the

long head of the biceps.

The glenoid labrum contributes to the stability of

the glenohumeral joint by increasing the concavity of

the glenoid fossa’t5’2. While detachment ofthe antero-

inferior portion of tile labrum is recognized as an im-

portant part of anterior instability of the shoulder3’5. the

pathomechanics of lesions of the superior portion of
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the research or clinical studs’ presented in this article. The funding

source was the Orthopaedic Research and Education Foundation.

tThe Lipscomh Clinic. 4230 Harding Road. Suite 10(X). Nash-

ville. Tennessee 37205.

�The Hospital for Special Surgery. 535 East 70th Street. New

York.N.Y. 1(5)21.

the labrum have not been clearly described. Detach-

ment of the superior portion of the labrum from the

glenoid in association with increased motility of the ten-

don of the long head of the biceps brachii has been

observed after injury to the shoulder, notably in athletes

who engage in sports activities involving throwing2’t2.

On the basis of our clinical experience suggesting in-

creases in glenohumeral translation in association with

lesions of the superior portion of the labrum’5’5. we

undertook a biomechanical investigation of cadavera in

order to evaluate the effect of detachment of the supe-

nor portion of the labrum on translations of the gleno-

humeral joint.

Materials and Methods

Preparation of Specimens

Eleven fresh-frozen specimens of the shoulder were

obtained from cadavera and were examined with use of

anteroposterior radiographs. Two shoulders had radio-

graphic evidence of osteoarthrotic changes and were

excluded.

All tissues superficial to the rotator cuff muscles

were removed. The rotator cuff muscles were ampu-

tated approximately eight centimeters medial to the

joint. leaving the lateral portion of the rotator cuff in-

tact and attached to the scapula. This technique ensured

that the capsular attachments on the glenoid were not

disrupted during dissection. The medial portion of the

scapula was exposed subperiosteally. and the most me-

dial portion of the exposed scapula was resected with a

table saw. The distal portion of the humerus was see-

tioned in the middle portion of the shaft and was cx-

posed subperiosteally. The tendon of the long head of

the biceps brachii was preserved. Two specimens were

excluded because a full-thickness tear of the supra-

spinatus tendon was noted after dissection. This left

seven shoulders for the biomechanical testing. These

seven specimens had been obtained from five men and

two women whose ages had ranged from forty-seven to

seventy-two years at the time of death.

The osseous ends of the dissected specimens were

fixed in stainless-steel cylindrical holders with epoxy cc-

ment. The surface of the glenoid was oriented perpendic-

ular to the long axis of the scapular cylinder. The distal
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portion of the humerus was placed in the center of

the humeral cylinder; an air cylinder with a 5/16-inch

(0.79-centimeter) bore and a one-inch (2.54-centimeter)

stroke (Bimba Manufacturing. Monee, Illinois) was also

placed in the humeral cylinder and was aligned with the

longitudinal axis of the long head of the biceps brachii.

The shoulders were re-examined with biplanar radiogra-

phy to verify that the articular surface of the glenoid was

aligned perpendicular to the long axis of the scapular

cylinder.

Because of the intimate relationship between the

tendon of the long head of the biceps brachii and the

superior portion of the labrum7, the effect of a lesion

of the superior portion of the labrum during simu-

lated contraction of the long head of the biceps was

also studied. Two number-i braided, Teflon (polytetra-

fluoroethylene) impregnated polyester traction sutures

(Deknatel, Fall River, Massachusetts) were placed in

the biceps tendon with a modification of the Bunnell

method. under direct visualization, as the tendon en-

tered the bicipital groove of the humerus. Care was

taken not to disrupt the transverse humeral ligament.

The Bunnell technique prevented slippage of the su-

tures within the tendon. The sutures were connected

to the air-cylinder piston by passing them through a

small metal coupler, which was fixed to a threaded rod

on the end of the piston.

During testing, the tissues were constantly moist-

Fi;. 1

Drawing of the shoulder-testing apparatus. Free mediolateral (M-L) and anteroposterior (A-P) translations were permitted along two

parallel platforms when a fifty-newton superoinferior (S-I) force was applied to the shoulder. The testing apparatus was mounted on the

actuator ram (AR.) of a servocontrolled hydraulic materials-testing system. Maximum internal-external rotation of the humerus (HR.) was

determined by application of a five-newton-meter moment with use of a torque wrench. A twenty-two-newton joint compressive load was

applied by the suspension of weights from two weight platforms (W.P.). Humeral flexion-extension and scapular rotation (SR.) were held

constant during each test. An air cylinder permitted application of a fifty-five-newton force to the tendon of the long head of the biceps brachii.

(Modified, with permission. from: Warner. J. J.: Deng. X. H.: Warren. R. F.: and Torzilli. P. A.: Static capsuloligamentous restraints to

superior-inferior translation of the glenohumeral joint. Am. J. Sports Med.. 20: 676-677. 1992.)
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ened by loosely wrapped gauze that had been saturated

with a glycerol-based solution. The solution was applied

to the gauze periodically during the testing procedure.

Testing Apparatus and Protocol

The specimens were tested with use of a special

shoulder apparatus that was mounted on a servocon-

trolled hydraulic materials-testing system (MTS, Minne-

apolis. Minnesota)�’2� (Fig. 1). The scapular cylinder

was mounted on a horizontal shaft. with the plane of

the glenoid oriented parallel to the actuator ram of

the materials-testing system. The humeral cylinder was

placed in a third metal cylinder. which was fixed between

two parallel plates and attached to a 2.2-kilonewton

load-cell ( Lebow, Troy. Michigan). The apparatus permit-

ted application of sequential anterior. posterior. supe-

nor. and inferior forces to the shoulder. These forces

were applied perpendicular to the plane of the scapula.

Weights were suspended from the portions of the

apparatus that supported the humeral and scapular cyl-

inders in order to apply a small (twenty-two-newton)

joint compressive load to stabilize the shoulder. This

load was isolated from the testing apparatus and on-

ented perpendicular to the face of the glenoid to avoid

the application of bending moments to the load-cell.

The testing apparatus allowed free translations of

the humeral head with respect to the surface of the

glenoid. Mediolateral. anteroposterior. and superoin-

ferior translations were measured with linear variable

differential transducers (Shaevitz Engineering. Penn-

sauken, New Jersey)’44. The three rotations of the

humerus (horizontal flexion-extension. elevation. and

internal-external rotation) were constrained. Horizon-

tal flexion was held constant with the humerus in the

plane of the scapula. Elevation was defined as abduc-

tion in the plane of the scapula. Applied forces and

resultant translations were continuously recorded with

a data-acquisition computer system.

The apparatus permitted the shoulder to he placed

in three positions of glenohumeral elevation (0. 45, and

90 degrees) in the scapular plane. A reference neutral

rotation for internal-external rotation of the humerus

was defined in each position of elevation by apply-

ing five-newton-meter internal-external rotational mo-

ments to the inner humeral cylinder. which was allowed

to rotate within the outer humeral cylinder. Resultant

internal and external rotations were measured. and the

reference neutral rotation was defined as the mid-point

between total internal and external rotations.

Two starting positions. called the reference neutral

translation positions. were determined for anteroposte-

nor and superoinferior translations of the humeral head

by locating the most medial position of the head where

it fit most deeply into the glenoid fossa. This was accom-

pushed by determining the maximum medial translation

(position) of the humeral head with use of fifty-newton

anteropostenior and superoinferior forces and a twenty-

two-newton joint compressive load5. These neutral posi-

tions were determined for each position of elevation of
the shoulder. All subsequent motions of the humeral

head on the glenoid fossa were measured relative to

these positions. Measurement of these translations was

permitted through the use of the linear variable differ-

ential transducers. which were connected to the testing

device”424. The data were transmitted to the computer-

ized data-acquisition system. where they were recorded.

Activation of the air cylinder resulted in application

of a constant fifty-five-newton force (the so-called hi-

ceps force. designed to simulate contraction of the hi-

ceps muscle) to the tendon of the long head of the

biceps. The magnitude of the force was based on a re-

port in which the maximum moment generated by the

long head of the biceps was predicted4. This force was

calibrated with use of a load-cell. The load on the biceps

was removed in certain test situations by disconnecting

the air cylinder from both the air-compression source

and the traction sutures in the biceps tendon.

Each shoulder was tested in three positions of

internal-external rotation (neutral. 30 degrees of in-

ternal rotation. and 30 degrees of external rotation) at

90 and 45 degrees of elevation. At 0 degrees of eleva-

tion. the shoulder was tested in the neutral internal-

external rotation position only. Thus, each shoulder was

tested in seven different positions.

Before testing. each shoulder was vented with an
18-gauge needle to eliminate the effect of negative

intra-articular pressure. The mounted shoulder was cx-

amined with an arthroscope to visualize the superior

portion of the labrum and the intra-articular aspect

of the tendon of the long head of the biceps. A stan-

dard posterior arthroscopic portal was created three

centimeters inferior and two centimeters medial to the

posterolateral corner of the acromion. A second portal

was created through the inferior portion of the cap-

sule. A number-iS scalpel was used to open the portals.

which were oriented transversely to avoid transection

of the capsular ligaments. The same portals were used

Fl;. 2

En 1(1cc views of the glenoid fossa with the arrows pointing to the

simulated anterosuperior lesion (left) and the complete lesion (right)

of the superior portion of the labrum. MGHL = middle glenohu-

meral ligament.
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Figs. 3-A through 3-D: Bar graphs showing the effect of the an-

terosuperior lesion of the superior portion of the labrum on gleno-

humeral translation without and with a force applied to the long head

of the biceps hrachii. A twenty-two-newton joint compressive load

and fifty-newton anterior. posterior. superior. and inferior forces

were applied to the shoulders. The black bars represent mean trans-

lations with the shoulder in the vented condition before creation of

the lesion. and the white bars represent mean translations after

creation of the lesion. The I-bars represent the standard error of the

mean. No significant increases in translation resulted from the lesion.

IR = internal rotation. NR = neutral rotation. and ER = external

rotation.

Fig. 3-A: Anteroposterior translation without the force applied to

the biceps hrachii.

repeatedly in each shoulder: no additional portals were

created. The arthroscope was introduced through the

posterior portal. The joint was examined without mn-

gation. The labrum and the glenohumeral ligaments

were identified. An arthroscopic probe was introduced

through the inferior portal and was used to palpate the

superior portion of the labrum and the glenohumeral

ligaments. No shoulder demonstrated abnormal motility

of the superior portion of the labrum. Lack of capsular

distention made characterization of the quality of the

capsular ligaments difficult. but the superior and middle

glenohumeral ligaments were identified in each speci-

men near their glenoid insertions in association with the

superior portion of the labrum7525.

Sequential fifty-newton anterior, posterior, superior,

and inferior forces were then applied to the shoulder in

each of the seven positions already described. The trans-

lations that occurred secondary to these loads were re-

corded for the vented shoulder. The shoulder was tested

in each position both with and without application of a

fifty-five-newton force to the biceps tendon.

Creation ofthe Lesion of the

Superior Portion oft/ic Labrum

An arthroscopic knife-rasp was introduced through

the inferior portal and was used to strip the antero-

superior portion of the Iabrum from the margin of the

glenoid with a subperiosteal technique. The region of

the labrum immediately beneath the biceps tendon was

left intact, while the portion anterior to the biceps was

stripped to a point corresponding to the inferior extent

of the glenoid insertion of the middle glenohumeral

ligament (Fig. 2, left). Thus, the glenoid attachments of
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Anteroposterior translation with the force applied to the biceps

hrachii.
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Superoinferior translation without the force applied to the biceps

brachii.

the superior and middle glenohumeral ligaments were

disrupted by creation of the lesion8. The shoulders were

tested again in each of the seven positions, both with and

without application of a force to the biceps, and the

resultant translations were recorded for the simulated

anterosuperior lesions.

After this second series of tests, the shoulders were

again visualized arthroscopically. The knife-rasp was

used to extend the labral lesion posteriorly to a point

that was in approximately the same transverse plane as

the most inferior point of the anterosupenior lesion. This

enlarged lesion included the portion of the labrum that

was intimately connected to the biceps tendon as well

as the portion that was intimately associated with the

glenoid attachments of the posterosupenior aspect of

the capsule (Fig. 2, right). Creation of this more exten-

sive lesion consistently led to a functional lengthening

of the proximal portion of the biceps tendon, which

exceeded the available stroke of the air cylinder. There-

fore, it was necessary to relocate the sutures to a more

proximal portion of the biceps tendon in order for the

air cylinder to maintain a constant force on the tendon.

The shoulders were then retested in each of the seven

positions, both with and without application of a force

to the biceps, and the resultant translations were re-

corded for the simulated complete lesions.

After the biomechanical testing had been com-

pleted, each shoulder was dissected to ensure that a

satisfactory lesion had been created and that the trac-

tion sutures had remained in place without slippage

within the biceps tendon.

Anterior, posterior, superior, and inferior transla-

tions that resulted from application of fifty-newton an-

tenor, posterior, superior, and inferior displacement
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forces were recorded for each test. Mean translations,

standard deviations, and standard errors of the mean

were then calculated for each test condition.

For the tests conducted at 45 and 90 degrees of

glenohumeral elevation, repeated-measures analyses

of variance with two independent factors (the angle of

elevation and the specific test condition) were per-

formed. Separate analyses were performed for data

regarding anteroposterior translations and for data re-

garding superoinfenior translations. Since only one posi-

tion of rotation was tested at 0 degrees of elevation,

repeated-measures analysis of variance with one mdc-

pendent variable (the specific test condition) was per-

formed for tests conducted in this position. The analyses

of variance were followed by special-effects analysis

for the positions and translations of the humeral head

that were of interest. Special-effects analysis is similar

to a separate one-way analysis of variance at each level

of grouping factor except that the same repeated-

measures error term is used as was used in the full

analysis. The value for alpha was set at 0.05.

Results

Effect oft/ic Anterosuperior Lesion

With the numbers available, the anterosuperior la-

bral lesion had no significant effect on anteroposterior

or superoinferior translation compared with the trans-

lation when the shoulder was in the vented condition.

There was no effect with or without application of a

fifty-five-newton force to the long head of the biceps

(Figs. 3-A through 3-D).

Effect ofthe Complete Lesion

Analysis of variance revealed that the complete le-

sion had a significant effect on anteropostenior (p =

0.04) and superoinferior (p < 0.0001) translations of the

humeral head at 45 and 90 degrees of elevation, as well

as at 0 degrees of elevation (p = ft04 and p = 0.006 for

anteroposterior and superoinferior translations, respec-

tively). The interaction of the complete lesion and the

specific test condition was significant at 45 and 90 de-

grees of elevation (p < 0.0001), but, with the numbers

available, it was not significant at 0 degrees of elevation

(p = 0.07).

Creation of the complete lesion resulted in in-

creases in glenohumeral translations, as determined

with special-effects analysis (Figs. 4-A and 4-B). With-

out application of a force to the biceps, there was a

significant increase in anterior translation of 4.0 mil-

limeters with the arm in 90 degrees of elevation and

internal rotation (p = 0.004). At 45 degrees of elevation,

there was a significant increase in anterior translation

of 6.0 millimeters with the arm in neutral rotation and

of 6.3 millimeters with the arm in internal rotation (p <

0.0001 for both). Inferior translation increased signifi-

cantly with the arm in all positions of internal-external

rotation (1.9 millimeters with the arm in neutral rota-

tion [p = 0.05], 2.5 millimeters with the arm in internal

rotation [p = 0.01], and 2.5 millimeters with the arm in

external rotation [p = 0.01]). The complete lesion also

resulted in significant increases of 3.7 millimeters for

anterior translation (p = 0.04) and of 3.8 millimeters

for inferior translation (p = 0001) with the arm in 0

degrees of elevation and neutral rotation.

Effect ofthe Force Applied to the Biceps

in the Presence oft/ic Complete Lesion

The force applied to the biceps reduced over-all

translation in the presence of the complete lesion (Figs.

4-C and 4-D). However, translations remained increased

compared with those measured with the shoulder in the

vented condition.

Specific increases in translations of the humeral

head were determined with a special-effects analysis. At

90 degrees of elevation and external rotation, a signifi-

cant increase in posterior translation of 3.6 millimeters

was noted (p = 0.009). At 45 degrees of elevation, there

was a significant increase in anterior translation of

6.8 millimeters with the arm in neutral rotation (p <

0.0001). Inferior translation increased significantly with

the arm in all positions of internal-external rotation (5.3

millimeters with the arm in neutral rotation [p < 0.0001],

4.5 millimeters with the arm in internal rotation [p <

0.0001], and 3.5 millimeters with the arm in external

rotation [p = 0.0004]). At 0 degrees, there were signifi-

cant increases of 9.0 millimeters for anterior translation

(p = 0.004) and 5.4 millimeters for inferior translation

(p = 0.003).

Discussion

The data from this study of cadavera show that le-

sions of the superior portion of the glenoid labrum that

involve the supraglenoid insertion of the biceps increase

glenohumeral translation in a number of directions in

the lower and middle ranges of elevation. The labrum

deepens the glenoid socket and may also serve as a

chock, acting as a wedge in preventing glenohumeral

translation’3. Lippitt et al. recently reported that resec-

tion of the labrum reduced resistance to translation in

shoulders that were subjected to a compressive load.

When the humeral head articulates with the periphery

of the glenoid, it may articulate with the labrum as well21.

The presence of the labrum increases the articular sur-

face of the glenoid22, and separation of the labrum from

the glenoid rim decreases the concavity of the socket.

The superior portion of the labrum serves as a site

of attachment for the superior and middle insertions of

the glenohumeral ligament and for the posterosuperior

aspect of the capsule78. Therefore, detachment of the

labrum affects these superior capsular structures (Fig.

5). Detachment of the glenoid insertions of the superior

and middle glenohumeral ligaments, which have been

shown to be important contributors to glenohumeral

stability in the lower and middle ranges of elevation’7�,
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FIG. 5

Drawing depicting the effect of a complete lesion of the superior

portion of the labrum on the capsular structures. (The normal shoul-

der is shown on the left.) With a lesion involving the supraglenoid

insertion of the biceps (right). laxity of the superior capsular struc-

tures may contribute to the increases in translation that were noted.

mghl = middle glenohumeral ligament and sghl = superior glenohu-

meral ligament.

would help to explain the increases in translation that

were noted.

Several authors have thought that the long head of

the biceps brachii has a role in stabilization of the shoul-

der2”’. In the current model, application of a force to

the long head of the biceps brachii tended to stabilize

the shoulder, although it was less effective in the pres-

ence of a complete lesion of the superior portion of the

labrum. The long head of the biceps appears to stabilize

the shoulder by generating joint compressive forces and

by acting as a physical restraint to translation. In addi-

tion, the biceps tendon is indirectly connected to the

superior portion of the capsule by means of the labrum7,

and tension on the biceps may increase capsular re-

straint by tightening the superior capsular structures.

Despite application of a force to the biceps in the pres-

ence of the complete lesion of the superior portion of

the labrum, translations remained increased compared

with those measured with the shoulder in the vented

condition.

Snyder et al. noted that lesions of the superior por-

tion of the labrum were often associated with glenohu-

meral instability. Rodosky et al. found that experimental

simulation of a lesion of the superior portion of the

labrum that destabilized the insertion of the biceps in-

creased strain in the anterior portion of the capsule.

Recently, Burkhart and Fox reported on a patient in

whom a lesion of the superior portion of the labrum that

had destabilized the insertion of the biceps was associ-

ated with anterior instability. These authors hypothe-

sized that the lesion contributed to glenohumeral laxity

in this patient.

In our experience”, lesions of the superior portion

of the labrum that destabilize the insertion of the biceps

are not usually associated with overt instability (dislo-

cation or subluxation); however, the patient may have a

subtle increase in translation of the shoulder on physical

examination and may occasionally even note a sense of

looseness or slippage of the shoulder. The increases in

translation in the current study were relatively small,

but they may be related to the symptoms associated

with an isolated lesion of the superior portion of the

labrum.

We noted that creation of a complete lesion of the

superior portion of the labrum consistently led to a

functional lengthening of the proximal portion of the

biceps tendon. This lengthening increased the excursion

of the tendon to a magnitude that exceeded the stroke

of the air cylinder. The end of the piston therefore was

in contact with the cylinder so that no force could be

transmitted to the biceps tendon. We compensated for

this phenomenon by placing the traction sutures more

proximally in the tendon so that the air cylinder could

apply a force to the tendon. In vivo, the biceps muscle

may not be capable of compensating for this increase in

excursion, and the force generated by the long head of

the biceps may be reduced. Contraction of the biceps in

the presence of a superior labral lesion may also be

inhibited by pain. Our model, therefore, may not ac-

count for additional reductions in the stabilizing contni-

bution of the long head of the biceps, which would result

in greater increases in translation.
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