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Management of Proximal Biceps Pathology  
in Overhead Athletes: What Is the Role  
of Biceps Tenodesis?
Justin W. Griffin, MD, Timothy S. Leroux, MD, FRCSC, and Anthony A. Romeo, MD

I n recent decades, the long head of the biceps 
(LHB) tendon has been recognized as a pain 
generator in the shoulder of throwing athletes. 

The LHB muscle and its role in glenohumeral kine-
matics remains largely in question. The LHB tendon 
varies in size but most commonly is 5 mm to 6mm 
in diameter and about 9 cm in length, inserting on 
the superior labrum and supraglenoid tubercle after 
traveling through the bicipital groove.1 The many 
conditions that can develop along the course of the 
biceps tendon include overall biceps tendonitis, bi-
ceps tendon subluxation or instability, and injuries to 
the superior anterior to posterior area of the labrum. 

These injuries can occur in young overhead 
athletes as well as manual laborers and older 
overhead recreational athletes. Pitching is the most 
common activity that leads to proximal biceps 
tendon disorders. The 6 phases of the pitch are 
linked in a kinetic chain that generates energy that 
is then translated to high velocity. The amount of 
force that is exerted on the shoulder during pitching 
and especially after ball release is impressive, and 
the athlete’s shoulder changes in many ways as it 
adapts to the motion.2-5 The late-cocking and de-
celeration phases are most commonly associated 
with proximal biceps pathology and the “peel-back” 
phenomenon. Other common activities that lead 
to biceps tendon issues in a young population are 
volleyball, baseball, tennis, softball, swimming, and 
cricket. Shoulder arthroscopies 
performed in older patients show 
degenerative biceps and labrum 
tears, which should be treated 
appropriately but perhaps differ-
ent from how they are treated 
in overhead athletes.6-8 Further, 
many professional athletes have 
asymptomatic superior labrum 
anterior-posterior (SLAP) tears.9

Mechanism of Injury
Overhead throwing is commonly 
thought to be the mechanism by 
which lesions are created in the 
biceps–labrum complex (BLC). 
Pitching in particular generates 
incredible force and torque within 
the shoulder. In professional pitch-
ers, the resulting throwing speed 
creates forces regularly in excess 
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Take Home Points

 ◾ Outcomes after SLAP 
repair remain guarded.

 ◾ Physical examination is 
key in determining proper 
management of biceps 
pathology.

 ◾ When performing SLAP 
repair, knotless technol-
ogy may prevent future 
cartilage or rotator cuff 
injury.

 ◾ Revision of SLAP repair is 
best handled with biceps 
tenodesis.

 ◾ Subpectoral biceps 
tenodesis avoids residual 
groove pain.
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of 1000 N.3  These forces effect internal compensa-
tory changes and internal derangement of the BLC. 
These changes often involve internal rotation defi-
cits and alterations in the rotator cuff, which may 
contribute to glenohumeral instability and altered 
joint kinematics.10

Repetitive overhead activity is largely considered 
the mechanism of injury in this population, though 
more specific mechanisms have been described, 
including the peel-back mechanism11 and the 
posterior superior glenoid impingement. There is 
little evidence that preventive programs have any 
effect on decreasing the incidence of SLAP tears 
in overhead athletes.

Preoperative Evaluation
Preoperative evaluation is arguably the most 
important step in treating a patient with persistent 
or recurrent symptoms consistent with a SLAP 
tear. Evaluation includes thorough history, physical 
examination, and review of any prior injuries or sur-
gical procedures. The physical examination should 
focus on maneuvers that define where the prob-
lem is occurring. Although SLAP tears are most 
common in this population, disorders of the biceps 
tendon within the groove, including inflammation 
and instability, should be ruled out with physical 
examination and advanced imaging. Palpation for 
groove tenderness, impingement-type complaints, 
internal rotation loss, and SLAP provocative testing 
are crucial in the diagnosis.12,13 The cause of symp-
toms may be multifactorial and include the often 
encountered concomitant pathology of rotator cuff 
tears, internal impingement, and instability. 

Standard radiographs (Grashey anteroposterior, 
scapular/lateral, axillary lateral) and magnetic reso-

nance imaging (MRI) with or without arthrography 
can be helpful in identifying and characterizing most 
SLAP tears as well as failed SLAP tear repairs. 
However, MRI is often positive for SLAP tears in 
asymptomatic patients, and diagnosing SLAP tears 
with MRI is often a challenge.14 MRI can help in de-
termining concomitant pathology, including rotator 
cuff injury and cysts causing nerve compression. 
Correlation with clinical examination and patient his-
tory is most crucial. Conservative treatment (rest, 
activity modification, use of oral anti-inflammatory 
medications) typically is attempted and coordinated 
with respect to the athlete’s season of play.15,16

Classification
In overhead throwing athletes, SLAP tears typically 
are associated with anterior shoulder pain. Asso-
ciated shoulder instability and significant glenohu-
meral dysfunction are not uncommon in athletes 
with lesions of the BLC. In 1985, Andrews and col-
leagues17 were the first to describe SLAP tears in 
overhead athletes (73 patients). Later, Snyder and 
colleagues18,19 further classified these lesions into 
4 types based on tear stability and location, and 
they coined the acronym SLAP (Figure 1). Morgan 
and colleagues20 subclassified type II lesions into 3 
groups based on location (anterior SLAP, posterior 
SLAP, and combined SLAP tear).

Type I lesions typically are described as fraying 
at the inner margin of the labrum and are common 
in throwers, even asymptomatic throwers. Type 
II lesions, separations of the biceps and labrum 
from the superior glenoid (≥5 mm of excursion), 
are the most commonly occurring and treated 
variant in throwing athletes.20-22 Intraoperative 
evaluation for a peel-back lesion (placing the arm 
in abduction with external rotation), rather than for 
a sulcus of 1 mm to 2 mm, may confirm a type II 
SLAP tear.20,23,24 It is often important to consider 
the direction of tear propagation as well. Type III 
lesions include those with an intact BLC (but with 
a bucket-handle tear of the superior labral complex 
and an intact biceps tendon), whereas type IV 
lesions involve additional extension of the tear into 
the biceps tendon.18,19

The classification systems are well defined. Nev-
ertheless, management of SLAP lesions remains 
controversial.

Options for Surgical Treatment
SLAP Tear Repair—Outcomes

The incidence of SLAP tear repairs has increased 
dramatically in recent years.6,25 There are various 

Figure 1. Arthroscopic image of type II superior labrum anterior-posterior 
tear as described by Snyder and colleagues.18,19
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SLAP tear repair methods, but the most common 
consists of repairing the labrum and biceps anchor. 
Management of type II SLAP lesions remains con-
troversial. Several prospective studies have found 
overall improvement after SLAP tear repair.26-31 Oth-
er series have reported less encouraging outcomes, 
including dissatisfaction with persistent pain and 
inability to return to throwing.28,32 A 2010 systematic 
review found that the percentage of patients who 
returned to their preinjury level of play was only 
64%, and outcomes for overhead throwing athletes 
were even worse—only 22% to 60% of these 
patients returned to their previous level.33 The right 
surgery for SLAP tears in this population continues 
to be an area of uncertainty for many surgeons.

Failed SLAP tear repairs (poor outcomes) have 
become common in overhead throwing athletes. 
The reasons for these failed repairs are unclear, but 
several possible explanations have been offered. 
One is that labral repair may result in permanent al-
terations in pitching biomechanics, which may lead 
to an inability to regain velocity and command.3 

Another is that the athlete’s shoulder may remain 
unstable even after repair.10

Hardware complications are a significant 
concern in this high-level population. Suture 
anchor pullout or iatrogenic cartilage damage 
may occur during instrumentation or as a result 
of suture anchor reactive changes. In addition, 
there are several reports of glenoid osteochon-
drolysis (Figure 2) caused by prominent hardware 
or prominent knots.34-39 Intra-articular hardware 
concerns aside, lack of healing is another reason 
for failed SLAP tear repairs, as the vascular supply 
to the superior labrum is scarce near the biceps 

attachment, where shear forces are high.38,40,41 The 
intra-articular portion of the biceps tendon, as well 
as the portion within the bicipital groove, contains 
sensory fibers, which may become the source of 
persistent pain and inflammation after SLAP tear 
repair.24,42,43 Several studies have reported this 
phenomenon (Figure 3), leading some authors to 
perform primary biceps tenodesis in an attempt to 
avoid revision surgery.42,44-47

Stiffness after SLAP tear repair is a significant 
problem, with most patients taking up to 6 months 
to regain full motion.26,48 Overtensioning of the la-
brum and the glenohumeral ligaments may be the 
cause, and the solution may be to place anchors 
posterior (vs anterior) to the biceps insertion. In 
a large prospective military study, mean forward 
flexion and external rotation were reduced at final 
follow-up.31 These outcomes are less acceptable 
to overhead throwing athletes, who rely on motion 
for high-end throwing activities.

Primary Biceps Tenodesis—Outcomes

A 2015 database study found a 1.7-fold increase 
in biceps tenodesis over the preceding 5 years.49 
However, relatively few procedures included in 
the study were performed in patients age young-
er than 30 years. For many older non-overhead 
throwers with type II tears, SLAP tear repair has 
become less popular as a treatment option.32 There 

Figure 2. Failed treatment of superior labrum anterior- 
posterior tear in an overhead athlete.

Figure 3. Open biceps tenodesis revealed diseased portion of biceps tendon 
(yellow arrow).
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is a dearth of knowledge about the outcomes of 
subpectoral biceps tenodesis as a primary treat-
ment for biceps tendonitis and an associated SLAP 
tear. Although type I tears historically have been 
treated with débridement, débridement is seldom 
used for concomitant biceps tendonitis. It should 
be coupled with careful clinical examination.

In recent years, biceps tenodesis has been 
proposed as an alternative to repair for SLAP 
tears, particularly in older patients.24,44 For obvious 
reasons, however, there has been some trepida-
tion about performing biceps tenodesis in throwing 
athletes. Some authors have proposed biceps 
tenodesis as primary treatment for isolated SLAP 
tears. Boileau and colleagues44 compared the 
outcomes of treatment of isolated type II SLAP 
lesions in 25 consecutive patients. For 10 patients, 
repair involved suture anchors; for the other 15, 
arthroscopic biceps tenodesis was performed 
with an absorbable interference screw. Six of the 
10 suture anchor patients were disappointed with 
their outcome (persistent pain or inability to return 
to sport), whereas 14 of the 15 biceps tenodesis 
patients were satisfied. The authors concluded that 
arthroscopic biceps tenodesis is an effective alter-
native to repair for type II SLAP lesions, though 
their study was not isolated to overhead athletes 
(tenodesis group mean age, 52 years).

In a 2014 series of cases, Ek and colleagues50 
reported good outcomes of SLAP tear repair 
and biceps tenodesis. Again, though, tenodesis 
was used in older patients, and repair in younger, 
more active patients, with no high-level athletes 
in either group. There was no difference in return 
to sport between groups. In a study of patients 
who underwent primary biceps tenodesis, Gupta 
and colleagues51 found 80% excellent outcomes 
(improved shoulder outcome scores) in select 

SLAP tear patients, including 8 athletes, 88% of 
whom were overhead athletes. Gottschalk and col-
leagues52 reported on differences in prospectively 
collected outcome data (age, sex, SLAP lesion 
type II or IV) for primary biceps tenodesis in a 
series of 33 patients. Twenty-six of the 29 patients 
who completed follow-up returned to their previ-
ous level of activity. These studies suggest that pri-
mary biceps tenodesis may be an alternative with 
lower failure rates in the treatment of SLAP tears 
in middle-aged patients, and in overhead athletes, 
though additional specific studies are needed to 
focus on overhead athletes on a larger scale.

Revision SLAP Tear Repair Versus Biceps Tenodesis

Failed arthroscopic SLAP tear repairs, which are 
increasingly common, present a unique treatment 
challenge. In a 2013 prospective cohort series, 
Gupta and colleagues46 found excellent clinical 
outcomes of subpectoral biceps tenodesis for 
failed type II SLAP tears. The authors reported a 
postoperative SANE (Single Assessment Numer-
ic Evaluation) score of 70.4%, an SST (Simple 
Shoulder Test) score of 9.33, and an ASES (Ameri-
can Shoulder and Elbow Surgeons) score of 77.96, 
along with reasonable health-related quality-of-life 
scores. Werner and colleagues53 evaluated 2-year 
outcomes of biceps tenodesis performed after 
SLAP tear repair in 24 patients and found a return 
to almost normal range of motion as well as good 
clinical outcome scores. Significantly worse out-
comes were found for patients with open worker’s 
compensation claims.

McCormick and colleagues26 prospectively evalu-
ated the efficacy of biceps tenodesis for failed type 
II SLAP tear repair in 46 patients. Improvement 
was noted across all outcome assessments during 
follow-up (mean, 3.6 years). From these findings, 
we might conclude that biceps tenodesis is a more 
predictable option for failed SLAP tear repair, and 
that it has a relatively low complication rate. How-
ever, most investigators have used a heteroge-
neous patient population, as opposed to overhead 
athletes specifically. To our knowledge, no one 
has evaluated the specific population of overhead 
throwers with failed SLAP tear repairs. In addition, 
no one has conducted randomized controlled trials 
comparing débridement, biceps tenodesis, and 
repair for failed SLAP tear repairs. 

Postoperative Considerations
When overhead athletes and their surgeons are 
considering surgical options, they must take reha-

Figure 4. Superior labrum anterior-posterior tear fixed with knotless anchor through 
anterior portal.
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bilitation and return to play into account. Many sur-
geons think the possible marginal clinical benefit of 
SLAP tear repair may not be worth the protracted 
rehabilitation. In most practices, rehabilitation after 
biceps tenodesis is less involved. Discussing the 
advantages and disadvantages of these 2 proce-
dures can be helpful in decision making.

Dein and colleagues54 reported the case of a 
middle-aged pitcher who sustained a fracture 
after biceps tenodesis with an interference screw. 
Cases like this are concerning. Surgeons should 
consider altering the rehabilitation regimen when 
planning postoperative care in cases of biceps 
tenodesis in throwers. Other reported complica-
tions of open tenodesis are deep infection, throm-
bosis, postoperative stiffness, and nerve injury.55-58

Consequences for Overhead Throwers 
The unknown role of the BLC leaves surgeons 
wary when considering biceps tenodesis for elite 
athletes. Some have postulated that removing the 
intra-articular portion of the LHB may cause micro-
instability and alter joint kinematics.10,59-61 Others 
have suggested the biceps is desynchronized from 
the other musculature and is not functionally im-
portant.62 Disruption of one portion of the superior 
labrum may result in instability on the opposite 
side of the glenoid.10,61 Biomechanical studies, both 
cadaveric and in vivo, have tried to create proper 
loads to the LHB and evaluate the kinematics of 
the shoulder before and after biceps tenodesis 
and SLAP tear repair.59,60 Using a cadaveric model, 
Strauss and colleagues63 found that type II SLAP 
lesions resulted in increased glenohumeral trans-
lation compared with baseline. Biceps tenodesis 
did not restore normal translation, but this did 
not negatively affect stability in the presence of a 
SLAP lesion. The consensus is that the role of the 
biceps is controversial at best.

Several studies have used electromyography 
(EMG) to evaluate LHB functioning. In 2014, Chalm-
ers and colleagues59 used surface EMG and motion 
analysis to evaluate 18 pitchers: 6 underwent SLAP 
tear repair, 5 underwent biceps tenodesis, and 7 
were uninjured controls. There were no significant 
differences in the activity of the LHB muscle, the 
short head of the biceps muscle, the deltoid, the 
infraspinatus, or the latissimus among the 3 groups. 
Motion analysis showed that the normal pattern 
of muscular activation within the LHB muscle was 
more closely restored by biceps tenodesis than 
by SLAP tear repair. In addition, thoracic rotation 
patterns were significantly more altered in the SLAP 

tear repair patients than in the uninjured controls. 
As the authors noted, given the low frequency with 
which biceps tenodesis is performed in overhead 
athletes, it is unlikely that larger scale studies will be 
conducted without a multicenter effort.

Recommendations and Our Preferred Technique
Which surgical option is best for treating symp-
tomatic SLAP lesions in overhead athletes remains 
unclear. Many athletes struggle to return to 
high-level play after SLAP tear repair. Whether the 
same is true after biceps tenodesis is yet to be 
determined because of the low frequency with 
which biceps tenodesis is performed in high-level 
overhead athletes. The options for fixation, tech-
nique, and fixation location are equally broad. In 
this section, we outline our general line of thinking 
for cases of proximal biceps pathology. 

In each case, we perform glenohumeral arthros-
copy to evaluate the BLC and identify any other 
pathology. For overhead athletes who are younger 
than 30 years and lack bicipital groove pain or signs 
of gross tendinopathy, we favor arthroscopic SLAP 
tear repair. Repair is usually performed through an 
anterior working portal for suture passage and a 
Wilmington portal for anchor placement. We use 
knotless technology to achieve stable fixation and 
stay posterior to the biceps anchor insertion.

For the prevention of any potential pain from 
the bicipital groove in carefully selected patients—
recreational overhead athletes and patients who 
want a less involved surgical recovery—we favor 
open subpectoral biceps tenodesis rather than 
arthroscopic tenodesis. The outcomes of biceps 
tenodesis are consistent, according to the litera-
ture.47,57,64 Moreover, the open approach is favored 
for the incidence of postoperative stiffness in the 
arthroscopic population.65  Tendons can be fixed 
with multiple procedures, including soft-tissue 
tenodesis, interference screw fixation, and surface 
anchors. We favor using a tenodesis screw in the 
subpectoral location, as outlined by Mazzocca and 
colleagues.64

Our algorithm for SLAP lesions is evolving 
with our understanding of this complex disease 
process. For young overhead throwers with type 
II SLAP lesions, we favor arthroscopic SLAP 
tear repair with knotless technology. For older 
recreational overhead athletes, we favor biceps 
tenodesis in the subpectoral region after diagnostic 
arthroscopy plus biceps tenotomy with or without 
additional SLAP tear fixation, depending on the 
stability of the biceps anchor (Figures 4A, 4B). In 
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this procedure, a unicortical hole is drilled in the 
center of the bicipital groove, with careful attention 
given to restoring the anatomical length–tension 
relationship.66 For revision of SLAP tear repair, we 
recommend revision to a biceps tenodesis using 
our published technique.57,67 Postoperative reha-
bilitation is crucial, as failure to return to play may 
stem from poor throwing mechanics rather than 
from the surgical fixation technique used.

Conclusion
Overhead athletes who present with symptomatic 
SLAP lesions often provide a treatment dilemma. 
Although SLAP tear repair historically has been 
standard treatment, biceps tenodesis represents 
a consistent surgical option with low complication 
rates and low revision rates. It is likely that, as 
additional data on glenohumeral kinematics and 
outcomes in young athletes become available, 
improved decision-making algorithms will follow.
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