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Background: Little is known about the role that a torn superior labrum (SLAP) plays in glenohumeral

stability after biceps tenodesis. This biomechanical study evaluated the contribution of a type II SLAP

lesion to glenohumeral translation in the presence of biceps tenodesis. The authors hypothesize that subse-

quent to biceps tenodesis, a torn superior labrum does not affect glenohumeral stability and therefore does

not require anatomic repair in an overhead throwing athlete.

Methods: Baseline anterior, posterior, and abduction and maximal external rotation glenohumeral trans-

lation data were collected from 20 cadaveric shoulders. Translation testing was repeated after the creation

of anterior (n ¼ 10) and posterior (n ¼ 10) type II SLAP lesions. Translation re-evaluation after biceps

tenodesis was performed for each specimen. Finally, anatomic SLAP lesion repair and testing were per-

formed.

Results: Anterior and posterior SLAP lesions led to significant increases in glenohumeral translation in all

directions (P < .0125). Biceps tenodesis showed no significance in stability compared with SLAP alone

(P > .0125). Arthroscopic repair of anterior SLAP lesions did not restore anterior translation compared

with the baseline state (P ¼ .0011) but did restore posterior (P ¼ .823) and abduction and maximal external

rotation (P ¼ .806) translations. Repair of posterior SLAP lesions demonstrated no statistical difference

compared with the baseline state (P > .0125).

Conclusions: With no detrimental effect on glenohumeral stability in the presence of a SLAP lesion,

biceps tenodesis may be considered a valid primary or revision surgery for patients suffering from symp-

tomatic type II SLAP tears. However, biceps tenodesis should be considered with caution as the primary

treatment of SLAP lesions in overhead throwing athletes secondary to its inability to completely restore

translational stability.

Level of evidence: Basic Science Study, Biomechanics, Cadaver Model.
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SLAP (superior labrum anterior-posterior) tears are

associated with pain, shoulder instability, and significant

glenohumeral dysfunction, especially in a throwing athlete.

First described by Andrews et al1 and later classified by

Snyder et al,27 SLAP tears have been noted to result from

trauma or overuse.11,14,16,19,26 Whereas SLAP lesions

commonly occur in association with injuries to the rotator

cuff, internal impingement, and glenohumeral instability,

they may occur in isolation, acting as a primary source of

shoulder pain and disability for the overhead athlete.4,8,10,20

At present, arthroscopic repair of unstable superior

labral tears involving the long head of the biceps (LHB)

anchor (type II SLAP lesions) has become the standard of

operative care, resulting in good to excellent outcomes in

the majority of published reports.4,14,21,26 However, results

of arthroscopic fixation in overhead throwing athletes have

been less consistent, with clinical studies demonstrating

a return to preinjury level of sports participation ranging

from 22% to 84%.11,15,19 Of 19 baseball players treated

with arthroscopic suture anchor fixation of type II SLAP

tears, Ide et al11 reported that only 12 players (63%) had

a complete return to play without pain or functional limi-

tation at a mean follow-up of 3.5 years. It is believed that

persistent pain after SLAP repair results in a loss of motion

from rigidity and is the reason behind these low rates of

return to overhead athletics.4,14 A potential hypothesis for

the high incidence of post-slap repair shoulder pain

accounts for the rigidity of the suture anchor fixation with

a consequent loss of physiologic motion at the labral-LHB

anchor junction. Others theorize that the highly innervated

proximal LHB tendon acts as the primary pain generator

after injury or surgery. The low rates of return to play and

the potential for continued symptoms postoperatively have

led surgeons to look for alternative treatment methods for

management of type II SLAP lesions.

Currently, little is known about the role that a torn

superior labrum plays in glenohumeral stability after biceps

tenodesis. The present biomechanical study evaluates the

effects of a type II SLAP lesion on glenohumeral trans-

lation in the presence of a biceps tenodesis. We hypothe-

sized that subsequent to biceps tenodesis, the presence of

a torn superior labrum does not affect glenohumeral

stability and therefore does not require anatomic repair in

a throwing athlete with a type II SLAP lesion.

Materials and methods

Specimen preparation

Twenty-seven fresh-frozen cadaveric shoulders (mean age, 51.3

years; age range, 23-68 years; 20 men (74%), 7 women (26%); 14

left, 13 right) were stored at �20�C. Before testing, each shoulder

was thawed for 24 hours, then dissected free of skin and super-

ficial muscle. The rotator cuff muscles were elevated from their

scapular origin, and nylon sutures were attached to their muscle

bellies in a grasping/locking suture configuration for uniform

loading. The LHB tendon was dissected distally to the level of the

musculotendinous junction, where the tendon was transected and

sutured with high-strength suture material (FiberWire #5; Arthrex,

Naples, FL, USA) by grasping/locking sutures. The humeral shaft

was potted into a cylindrical PVC pipe with polymethyl methac-

rylate and the scapula was rigidly fixed to a 4-mm-thick aluminum

sheet with 3 stainless steel bolts in preparation for mounting to the

shoulder testing apparatus.

Each specimen underwent an arthroscopic evaluation to assess

for the presence of exclusion criteria, including full-thickness cuff

tears, labral injuries, evidence of prior surgery, and osteoarthritis.

Anatomic variants (sublabral foramen and Buford complex) were

also excluded as several studies have indicated that anatomic vari-

ants of the anterosuperior labrum may alter intra-articular biome-

chanics and predispose the shoulder to labral disease.12,13,25,27,29 In

addition, reattachment of the Buford complex to the glenoid has

been reported to restrict shoulder rotation.23 In our study, 7 shoul-

ders were excluded (6 anatomic variants and 1 rotator cuff tear).

Shoulder testing apparatus

Specimens were mounted onto a custom shoulder testing apparatus

for assessment of glenohumeral stability (Fig. 1).24 The apparatus

allowed for 6 degrees of freedom motion for the adjustment of the

glenohumeral joint, enabling the specimen to be positioned

anatomically such that the glenoid had a 5� superior inclination

and neutral version. Once glenoid version was locked into place,

the scapula was positioned such that the center of rotation of the

glenohumeral joint coincided with the center of the apparatus.

Once the center of rotation was determined, the scapula was

locked into place and unchanged throughout testing.

The scapular plane was defined as a vertical plane perpendic-

ular to the glenoid surface, parallel to the scapular mount.

Abduction was defined as humeral motion in the scapular plane,

and flexion was defined in the anatomic sagittal plane at an angle

of 60� to the scapular plane.7 The angle for glenohumeral abduc-

tion and flexion was set at 60�, corresponding to 90� of total arm

abduction and flexion.9,24 A total of 22 N of glenohumeral joint

compression force was applied through tension on the rotator cuff

muscles (supraspinatus¼ 3.5 N, infraspinatus/teres minor¼ 9.1 N,

and subscapularis ¼ 9.4 N) on the basis of muscle cross-sectional

area data.3,28 The LHB was anatomically loaded with 22 N of force

based on the methods of previous biomechanical studies testing the

impact of the LHB on glenohumeral kinematics.30

Surface markers affixed to the lateral aspect of the acromion, the

lateral aspect of the humeral head, and the coracoid process enabled

assessment of glenohumeral translation with a 3-dimensional

scanner (NextEngine Inc., Santa Monica, CA, USA). This

scanner has a resolution of 0.1 mm when it is used on the macro

setting with the object of interest placed 165 mm from the scanner.

Scans were viewed with the ScanStudio HD (NextEngine Inc.), and

subsequent analysis was performed with this software.

Glenohumeral translation testing

Protocol and loading of translation forces were previously

described by Provencher et al24 and Harryman et al.9Glenohumeral

translation testing was performed for 4 separate, sequential

conditions: baseline, type II anterior or posterior SLAP lesions,

type II SLAP lesions with biceps tenodesis, and type II SLAP
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lesions with both biceps tenodesis and SLAP repair. For anterior

and posterior translations, the humerus was translated on the fixed

scapula, with the translation force administered through a direct in-

line pulley system loaded with 3.0 kg.

The testing sequence consisted of anterior translation at neutral

rotation, posterior translation at neutral rotation, and anterior

translation at 90� of abduction and maximal external rotation

(ABER) (Fig. 1). Each specimen was scanned before and after

each step in the testing sequence, with the difference between

these two data points measured as the glenohumeral translation.

The resting ‘‘zero’’ position of the loaded glenohumeral joint was

re-established for each testing condition, confirming this position

on the basis of the distances between the surface markers affixed

to the specimen.

Creation of a type II SLAP lesion

Once baseline translation data were collected for each specimen,

an experimental type II SLAP lesion was created according to the

protocol described by DiRaimondo et al.6 Two different SLAP tear

configurations were created in 10 specimens each (Fig. 2). In the

first group of 10 shoulders, the superior labrum was sharply

dissected free of the glenoid 5 mm medial to the glenoid rim,

extending 7 mm from the posterior border of the LHB tendon to

the anchor, creating an unstable posterosuperior labrum/biceps

anchor complex. In the second group of 10 shoulders, the exper-

imental SLAP tear was started at the posterior border of the LHB

anchor, extending anteriorly to include the insertion of the superior

glenohumeral ligament. Arthroscopic portals were then closed,

and the specimen immediately underwent translational testing.

Biceps tenodesis

Subsequent to the creation of the isolated type II SLAP lesion,

each specimen then underwent biceps tenodesis by use of inter-

ference screw fixation as described by Mazzocca et al.17 After

arthroscopic biceps tenotomy, the tendon was pulled into an 8-mm

socket drilled in the proximal humerus 1 cm below the superior

border of the pectoralis major tendon, simulating an open sub-

pectoralis tenodesis, and the tendon was fixed with an 8 � 12-mm

PEEK interference screw (Biceptor; Smith & Nephew, Andover,

MA, USA).

SLAP repair

For the final testing condition, the SLAP lesion was repaired to the

glenoid rim by suture anchor fixation (2.3 Bioraptor PK; Smith &

Figure 1 Custom shoulder testing apparatus. (A, B) The apparatus set up in neutral abduction for testing of anterior and posterior

translation. (C) The shoulder set up in the ABER position.
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Nephew). For the posterior SLAP configuration, 2 suture anchors

were inserted, one at the 10-o’clock position and the other at the

11:30 position for a right shoulder. Specimens from the anterior

SLAP configuration group had the tears fixed with 1 suture anchor

placed at the 12:30 and 2-o’clock positions for a right shoulder. A

single stitch from each anchor was placed around the labrum and

tied with an arthroscopic knot, securing the labrum to the glenoid.

Statistical methods

Mean translation data were compared between groups (baseline,

isolated type II SLAP lesion, isolated type II SLAP lesion treated

with biceps tenodesis, and type II SLAP lesion treated with biceps

tenodesis and suture anchor fixation) for both the anterior and

posterior SLAP lesions by use of a repeated measures one-way

analysis of variance (ANOVA). In accordance with pretesting

planned statistical comparisons, post-hoc Bonferroni correction

was used, setting the level of significance at P < .0125 because of

the use of the 4 pairwise comparisons of greatest clinical interest.

The pairwise comparisons included baseline to SLAP lesion,

SLAP lesion to biceps tenodesis, biceps tenodesis to arthroscopic

repair, and baseline to repair.

For a repeated measures one-way ANOVA design to achieve

80% power with an effect size of 1.2 (deemed clinically significant

from our pilot experiments) and a ¼ .05 for detection of signifi-

cant differences in anterior translation among the 4 test conditions

(intact, SLAP tear, biceps tenodesis, and final repair), 10 shoulders

were required for each of the SLAP lesion experiments.

Results

For specimens in the anterior SLAP cohort, anterior trans-

lation in neutral significantly increased from a mean of 5.4

mm to 9.3mm (P<.0001) and posterior translation in neutral

significantly increased from 6.8 mm to 8.9 mm (P ¼ .0120)

after creation of the experimental lesion. In ABER, a signif-

icant increase in anterior translation was noted in anterior

SLAP specimens, increasing from 3.4 mm at baseline to

4.8 mm in the lesion state (P ¼ .003). Specimens in the

posterior SLAP cohort demonstrated significant differences

in neutral anterior and posterior translations, increasing from

6.2 mm to 10.6 mm (P< .0001) and from 6.5 mm to 9.9 mm

(P< .0001), respectively. In the ABER position, a significant

increase in anterior translation was noted from 4.7 mm to 7.7

mm (P < .001) (Fig. 3).

Among both anterior and posterior SLAP specimens,

biceps tenodesis did not significantly affect anterior gle-

nohumeral translation compared with the lesion state. In the

anterior SLAP specimens, the anterior translation was

unchanged at 9.3 mm (P ¼ .999). Posterior translation

decreased to 8.3 mm (P ¼ .759), and ABER translation

decreased to 4.1 mm (P ¼ .374). For the posterior SLAP

specimens after tenodesis, anterior translation decreased to

8.9 mm (P ¼ .129), posterior translation decreased to 9.2

mm (P ¼ .591), and ABER translation decreased to 5.7 mm

(P ¼ .045) (Fig. 3).

After repair of anterior SLAP specimens, anterior and

posterior translations decreased to 8.4 mm and 7.4 mm

(P ¼ .521; .439), respectively. Mean ABER translation after

repair was 3.8 mm (P ¼ .874). Among posterior SLAP

specimens, SLAP repair after biceps tenodesis decreased

anterior translation to 7.4 mm (P ¼ .209) and decreased

posterior translation to 7. 9 mm (P ¼ .104). After repair,

ABER translation decreased to 4.8 mm (P ¼ .641) (Fig. 3).

No statistical significance was noted in the comparisons

of glenohumeral translation between the baseline state and

the repaired state, with the exception of anterior SLAP

specimens in anterior translation only (5.4 mm to 8.4 mm;

P ¼ .001) (Fig. 3 and Table I).

Discussion

In the current study, experimental type II SLAP lesions led to

increases in glenohumeral translation across all parameters

Figure 2 Experimental creation of SLAP lesion. In the first group of 10 shoulders, the superior labrum was sharply dissected free of the

glenoid 5 mm medial to the glenoid rim, extending 7 mm from the posterior border of the long head of the biceps tendon to the anchor,

creating an unstable posterosuperior labrum/biceps anchor complex. In the second group of 10 shoulders, the experimental SLAP tear was

started at the posterior border of the long head of the biceps anchor, extending anteriorly to include the insertion of the superior gleno-

humeral ligament.
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for both anterior and posterior SLAP specimens. No

significant difference in translation was noted between the

lesion state and that seen after biceps tenodesis. Whereas

biceps tenodesis did not restore glenohumeral translation in

the setting of a type II SLAP lesion, it did not have a dele-

terious effect on stability. In our model, arthroscopic repair

of the experimental SLAP lesion did not restore anterior

translation to baseline values after repair of anterior type II

SLAP lesions. However, repair of posterior lesions restored

anterior and posterior translations to within 1.2 mm and 1.4

mm of baseline, respectively. A nearly complete restoration

(within 0.4 mm) of ABER translation in both anterior and

posterior SLAP states was also seen when labral repair was

used.

We believe that our findings support the concept of

capsular pseudolaxity associated with type II SLAP lesions

reported byMorgan19 andAndrews,2 especially in the setting

of an anterior SLAP lesion in which injury to the superior

glenohumeral ligament is coexistent with that occurring to

the superior labrum. This ‘‘circle concept’’ of the superior

labral complex postulates that disruption of one portion of

the superior labrum results in instability on the opposite side

of the glenoid.19 In their series of 102 type II SLAP lesions

without associated anterior instability, Morgan et al19 found

a secondary anterior-inferior pseudolaxity manifesting as an

arthroscopic drive-through sign in the presence of posterior

lesions, which was eliminated after SLAP repair. In our

model, the capsular pseudolaxity produced by the presence

of the experimental type II SLAP lesion was accentuated in

the cohort of specimens in which the SLAP tear involved the

insertion of the superior glenohumeral ligament anteriorly. In

these specimens, persistent instability remained despite both

biceps tenodesis and arthroscopic labral repair. This suggests

that improved repair techniques are necessary or that in

addition to reapproximation of the superior labrum to its

anatomic position on the glenoid, attention should be paid to

tensioning the superior glenohumeral ligament and anterior

capsule as described by Andrews and Dugas.2 In their series

of throwing athletes with SLAP tears, 73% of thosewhowere

treated with thermal shrinkage of the anterior capsule in

addition to SLAP repair were competing at 2 years of follow-

up in contrast to 50% of those who underwent isolated repair

without addressing the anterior capsule.2

Biomechanical studies have attempted to elucidate the

effects of superior labral lesions on glenohumeral stability

with varying results. Pagnani et al,21 in their cadaveric

study, reported that isolated lesions to the anterosuperior

aspect of the superior labrum, not involving the LHB, had

no significant impact on anterior-posterior glenohumeral

translation both with and without loading of the LHB

tendon. Extension of their experimental lesions posteriorly

to include the LHB anchor led to significant increases in

anterior-posterior translation both with and without loading

of the LHB tendon, with translation values similar to those

seen in the current model. Comparable significant increases

in anterior-posterior translation measurements after crea-

tion of type II SLAP lesions were also found in a study by

Panossian et al,22 in which the authors evaluated the effects

of type II SLAP tears on glenohumeral rotation and trans-

lation in 6 cadaveric shoulders. The authors also reported

complete restoration of translation parameters on repair of

both the anterior- and posterior-based SLAP lesions.

Although a trend toward global restoration of translation

measurements was seen in the current study, anterior

translation values for anterior-based tears were not restored

to baseline. Studies by Burkhart et al5 and McMahon et al18

also reported significant increases in glenohumeral trans-

lation after simulated type II SLAP lesions. Their baseline

and lesion translation values were larger than those seen in

the current study, probably secondary to their lack of

simulating LHB activity. Yet, similar to our findings of

persistent anterior instability in anterior-based type II

SLAP lesions, arthroscopic repair of the SLAP lesions in

Figure 3 (A, B) Effect of experimental SLAP lesion on gle-

nohumeral translation. *Significant increase in translation

between the baseline specimens and the SLAP lesion state.

**Significant increase in translation between the baseline speci-

mens and the repaired SLAP lesion state. ABER, abduction and

maximal external rotation; BT, biceps tenodesis.
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the 2003 Burkhart study only partially restored gleno-

humeral translation stability. To our knowledge, however,

no previous biomechanical study has reported solely ante-

rior instability in the setting of repaired anterior-based

SLAP lesions.

We believe that the lack of a negative effect of biceps

tenodesis on glenohumeral stability demonstrated in the

current study lends its use to the armamentarium for

management of SLAP lesions, supporting the findings re-

ported by Boileau et al4 in a study comparing outcomes of

10 patients treated with arthroscopic repair (age, 37 years;

range, 19-57 years) with those of 15 patients (age, 52 years;

range, 28-64 years) managed with biceps tenodesis. The

authors found that although 60% of the patients treated with

SLAP repair were unsatisfied with their outcome secondary

to persistent pain or inability to return to their previous

level of athletic participation, 93% of those treated with

biceps tenodesis were satisfied, with 87% returning to their

preinjury level of sports. The authors concluded that biceps

tenodesis was an effective repair alternative in the treatment

of type II SLAP lesions. Although this study represented an

older patient population of recreational athletes and no

overhead throwers, the clinical data suggest the LHB as

a pain generator in the setting of superior labral tears and

that LHB tenodesis results in improved clinical outcomes in

comparison to labral repair. Especially among recreational

athletes, eliminating this potential pain generator without

having a detrimental effect on stability may help increase

the percentage of patients returning to symptom-free play

after type II SLAP tears. However, on the basis of our data,

biceps tenodesis should be considered with caution as the

primary treatment of SLAP lesions in the elite overhead

throwing athlete secondary to its inability to completely

restore normal translational stability. Although the current

study reports ABER translation (which most closely

simulates the cocking phase of overhead throwing) to be

restored within 0.4 mm after labral repair for both SLAP

subgroups, anterior instability remained in specimens with

anterior-based SLAP tears. Therefore, in patients who may

require restoration of normal glenohumeral kinematics for

maximal shoulder function, anatomic SLAP repair with

attention paid to the anterior capsule may be the most

appropriate initial treatment approach.

Similar conclusions were reported in a clinical study by

Provencher et al.23 The findings showed excellent outcomes

in a subgroup of active military patients younger than

40 years who underwent primary repair for type II SLAP

lesions, suggesting primary SLAP repair as the recom-

mended treatment for younger patients with high athletic

demands. However, the group older than 40 years was

found to have a higher failure rate with primary SLAP

repair, specifically a 3.45 relative risk of failure for those

older than 36 years. The authors concluded that in older

athletes with type II SLAP tears, the surgeon should discuss

the risks of type II SLAP repair versus biceps tenodesis at

the initial surgery. In both groups, biceps tenodesis was the

most common revision procedure (42 of 44 cases).

The limitations of the current study include those

inherent in a cadaveric model of simulated shoulder

injuries. The time-zero cadaveric model does not allow the

recreation of the multiple dynamic components of gleno-

humeral stability that are present in vivo and represents an

oversimplification of the complex injury mechanism that

results in SLAP tears in the clinical scenario. In addition,

our model does not take into account healing potential.

Potential effects of repetitive testing must also be consid-

ered, although care was taken to preserve the specimen

throughout testing. The simulated type II SLAP lesions

created were produced by sharply cutting the superior

labrum from its glenoid attachment, probably over-

simplifying the complex mechanism that results in these

lesions clinically. In addition, no direct comparison to

SLAP repair with biceps intact was made during this study.

Conclusion

In the current cadaveric biomechanical study, experi-

mental type II SLAP lesions produced increases in

anterior, posterior, and ABER translations compared

with baseline. Biceps tenodesis did not fully restore

baseline translation values but did not have a negative

effect on glenohumeral stability compared with the

SLAP state. Posterior SLAP lesions were effectively

treated with arthroscopic repair, whereas persistent

Table I Mean averages and standard deviation of anterior-based and posterior-based SLAP specimens

Anterior SLAP Posterior SLAP

Anterior

translation (mm)

Posterior

translation (mm)

ABER (mm) Anterior

translation (mm)

Posterior

translation (mm)

ABER (mm)

Baseline 5.4 � 1.9 6.8 � 2.8 3.4 � 1.2 Baseline 6.2 � 2.0 6.5 � 2.8 4.7 � 2.0

SLAP 9.3 � 3.2 8.9 � 2.2 4.8 � 1.2 SLAP 10.6 � 3.1 9.9 � 3.6 7.7 � 3.9

BT 9.3 � 2.6 8.3 � 1.0 4.1 � 1.0 BT 8.9 � 2.4 9.2 � 3.7 5.7 � 2.4

Repair 8.4 � 2.0 7.4 � 2.4 3.8 � 0.5 Repair 7.4 � 3.2 7.9 � 2.6 4.8 � 1.9

ABER, abduction and maximal external rotation; BT, biceps tenodesis.
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increased anterior translation was present after the repair

of anterior SLAP lesions in this cadaveric model. With

no detrimental effect on glenohumeral stability in the

presence of a SLAP lesion, biceps tenodesis may be

considered a valid primary or revision surgery for

patients suffering from symptomatic type II SLAP tears.

However, on the basis of our data, biceps tenodesis

should be considered with caution as the primary treat-

ment of SLAP lesions in the elite overhead throwing

athlete secondary to its inability to completely restore

normal translational stability.

Disclaimer

The authors, their immediate families, and any research

foundations with which they are affiliated have not

received any financial payments or other benefits from

any commercial entity related to the subject of this

article.
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