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Background: Performing open subpectoral biceps tenodesis in overhead athletes with a superior labrum anterior to posterior
(SLAP) tear may affect their ability to return to overhead sports.

Purpose: To investigate clinical outcomes in overhead athletes undergoing biceps tenodesis for the treatment of symptomatic,
isolated SLAP tears involving the biceps-labral complex.

Study Design: Case series; Level of evidence, 4.

Methods: A retrospective review of overhead athletes who underwent biceps tenodesis for a SLAP tear was performed. The
American Shoulder and Elbow Surgeons (ASES) score, visual analog scale (VAS) score for pain, subjective shoulder value
(SSV), patient satisfaction, willingness to undergo surgery again, revision procedures, and return to play were evaluated. Psycho-
logical readiness to return to sport was evaluated using the SLAP–Return to Sport after Injury (SLAP-RSI) score. A P value of\.05
was considered to be statistically significant.

Results: The current study included 44 overhead athletes. The mean age was 34.9 years (range, 16-46 years), 79.5% were male,
and the mean follow-up was 49.0 months (range, 18-107 months). Overall, 81.8% of patients returned to play their overhead sport
after biceps tenodesis, and 59.1% of patients returned to the same or higher level of play. It took patients, on average, 8.7 months
to return to play after biceps tenodesis. The mean SLAP-RSI score was 69.4, and 70.5% of patients passed the SLAP-RSI thresh-
old of 56. The mean ASES score, VAS score, SSV, and satisfaction were 92.0, 0.8, 80.6, and 87.9%, respectively. No patients in
our cohort required revision surgery.

Conclusion: This study found that athletes undergoing biceps tenodesis for the treatment of a symptomatic, isolated SLAP tear
had a high rate of return to play, good functional outcomes, and a low rate of revision surgery.
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A superior labrum anterior to posterior (SLAP) tear is a com-
mon injury, seen in up to 26% of shoulder arthroscopic proce-
dures.17,23 While the exact cause of SLAP tears is unknown,
they are often related to traumatic events and activity-
related overuse, as are seen in throwing athletes. A type II
SLAP lesion, characterized by detachment of the biceps-lab-
ral complex, is the most common subtype of a SLAP tear.23

Although anatomic repair of a SLAP lesion is appealing in
a young and active population, SLAP repair has been associ-
ated with poor clinical outcomes, suboptimal patient satisfac-
tion, and a risk of postoperative stiffness.12,14,16,22

Boileau et al3 were the first to describe biceps tenodesis
as an alternative to repair of SLAP lesions. Since then,
biceps tenodesis has been gaining popularity as a primary
surgical option for symptomatic type II SLAP tears.7,8,11,20

Hurley et al14 found, in their meta-analysis, that biceps

tenodesis resulted in higher rates of patient satisfaction
and return to play, as well as lower revision rates, com-
pared with SLAP repair. The majority of patients in the
studies comparing arthroscopic repair and biceps tenodesis
were older, however, and there appears to be a concern
about performing biceps tenodesis in younger patients
because of the anatomy-altering nature of the procedure.15

Furthermore, there is a concern that performing biceps
tenodesis in overhead athletes may affect their ability to
return to overhead sports.22,24

A recent systematic review by Frantz et al9 found that
only 99 overhead athletes across 8 studies in the literature
underwent biceps tenodesis. While the authors reported an
overall high rate of return to play, the limited evidence in
the literature warrants further studies. The purpose of the
current study was to investigate overhead athletes under-
going biceps tenodesis for the treatment of symptomatic,
isolated SLAP tears involving the biceps-labral complex.
Our hypothesis was that overhead athletes undergoing
biceps tenodesis would experience good functional out-
comes, high rates of return to play and return to preinjury
levels of play, and low rates of revision surgery.
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METHODS

Patient Selection

After receiving approval from our institutional review
board, a retrospective review was carried out to identify
all overhead athletes younger than 50 years who underwent
biceps tenodesis for SLAP tears between 2011 and 2019,
performed by one of the senior authors, all of whom are
board-certified sports medicine surgeons with a minimum
of 5 years’ experience (M.J.A., K.A.C., E.J.S., L.M.J.). In
this analysis, we included patients who underwent biceps
tenodesis, aged at least 16 years at the time of surgery,
had an isolated SLAP tear that involved the biceps-labral
complex, were participating in overhead sports before sur-
gery, and were followed up for at least 12 months postoper-
atively. We defined overhead sports to include tennis,
softball, swimming, rock climbing, handball, CrossFit, base-
ball, boxing, and volleyball. Tears were diagnosed by clinical
examination and magnetic resonance imaging findings,
with the final confirmation being determined by a diagnostic
arthroscopic examination at the time of surgery. Patients
who had anterior or posterior instability or rotator cuff tears
were excluded; additionally, those requiring concomitant
procedures were excluded.

Surgical Technique

Standard mini-open subpectoral biceps tenodesis was per-
formed as has been previously described in the literature.2

Patients received an interscalene nerve block and were posi-
tioned in the lateral decubitus or beach-chair position. Stan-
dard posterior and anterosuperior arthroscopic portals were
created, and a diagnostic arthroscopic examination was per-
formed to confirm the SLAP tear. Biceps tenotomy was then
performed. In the case of lateral decubitus positioning, the
arm was removed from traction and inserted into an imper-
vious sleeve. The shoulder was then laterally rotated and
abducted for access. An axillary-based incision along the
inferior border of the pectoralis major muscle was made.
Dissection was performed down to the clavipectoral fascia,
which was then incised sharply. With the pectoralis major
retracted superiorly and the short head of the biceps tendon
retracted medially, the long head of the biceps tendon was
retrieved. A looped high-strength suture (FiberWire;
Arthrex) was then passed in a retrograde fashion through
the tendon starting just distal to the musculotendinous
junction and locked proximally. A 3.2-mm guide pin was

inserted at a position that re-created the length-tension
relationship of the long head of the biceps tendon just out-
side the intertubercular groove with bicortical drilling. We
typically use the proximal 1.5 to 2 cm of the tendon from
the myotendinous junction for our tenodesis procedure
and then place that into the bicortical tunnel within the
proximal bicipital groove. This is then tensioned into the
reamed tunnel until there is proper tension at the tenodesis
site. A unicortical tunnel was then created by reaming over
the guide pin. A cortical button construct (BicepsButton;
Arthrex) in a tension-slide fashion was used for fixation in
all cases. The biceps tendon fixated to the humerus is shown
in Figure 1.

Rehabilitation Protocol

The rehabilitation protocol consisted of a minimum 2-week
period of shoulder sling immobilization, which was then

Figure 1. Biceps tendon fixated to the humerus.
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followed by physical therapy to improve range of motion
and strength. A training program specific to each patient’s
sport was then implemented, and when the athlete pro-
gressed to full range of motion and strength, the patient
was allowed to return to play.

Data Collection and Clinical Outcomes

Patient characteristics were obtained, and intraoperative as
well as postoperative complications were noted. An evalua-
tion of postoperative patient-reported outcomes was carried
out with a telephone survey, including the visual analog
scale (VAS) for pain, the subjective shoulder value (SSV),
the American Shoulder and Elbow Surgeons (ASES) score,
satisfaction, and whether they would choose to undergo
the same surgery again. Patients were asked which sports
they participated in, whether they returned to sport, what
their level of competition was postoperatively, and whether
they returned to any sport altogether. The rate and timing
of return to play, SLAP–Return to Sport after Injury
(SLAP-RSI) score, and VAS score during sport were evalu-
ated. The timing of return to play was determined by a chart
review of medical notes and patient reports. The SLAP-RSI
score is a modification of the Shoulder Instability–Return to
Sport after Injury (SI-RSI) score, and thus, a score of .56 is
indicative of a passing score.10 Finally, complications and
revision procedures were recorded.

Statistical Analysis

All statistical analyses were performed utilizing GraphPad
Prism 8.3 (GraphPad Software). For all continuous and
categorical variables, descriptive statistics were calcu-
lated. Continuous variables were reported as the weighted
mean and estimated standard deviation, whereas categor-
ical variables were reported as frequencies with percen-
tages. Categorical variables were analyzed using the
Fisher exact test or chi-square test. The independent or
paired t test for normally distributed variables, or the non-
parametric Mann-Whitney U test or Wilcoxon signed-rank
test, was performed to compare continuous variables. A P
value of \.05 was considered to be statistically significant.

RESULTS

Patient Characteristics

Overall, there were 53 overhead athletes who underwent
biceps tenodesis for the treatment of a symptomatic
SLAP tear, with 44 (83.0%) patients available for follow-
up. The mean age was 34.9 years (range, 16-46 years),
79.5% were male, and the mean follow-up was 49.0 months
(range, 18-107 months). There was 1 professional athlete, 5
collegiate athletes, 2 high school athletes, and 36 recrea-
tional athletes. Patient characteristics, including sports
played, are illustrated in Table 1.

Return to Play

We found that 81.8% of patients returned to play their
overhead sport after biceps tenodesis, and 59.1% of
patients returned to the same or higher level of play. Addi-
tionally, 75.0% of patients indicated that they were still
participating in at least one sport at the time the survey
was administered. Of the 8 competitive athletes, 7
(87.5%) returned to play. It took patients, on average, 8.7
months to return to play after biceps tenodesis. The
mean SLAP-RSI score was 69.4, and 70.5% of patients
passed the SLAP-RSI threshold of 56. Further, the mean
VAS score during sport was 1.8 6 2.5. Return-to-play out-
comes are shown in Table 2, and the return-to-play break-
down by sport is shown in Table 3.

Functional Outcomes

The mean ASES score was 92.0, the mean VAS score was
0.8, the mean SSV was 80.6, the mean satisfaction was
87.9%, and 38 patients (86.4%) indicated that they would
undergo the same surgery again if necessary. Functional
outcomes are shown in Table 4.

TABLE 1
Patient Characteristicsa

Value (n = 44)

Age, mean 6 SD, y 34.9 6 8.6
Male sex 35 (79.5)
Follow-up, mean 6 SD, mo 49.0 6 23.5
Sportb

Baseball 11 (25.0)
Softball 5 (11.4)
Volleyball 2 (4.5)
Rock climbing 4 (9.1)
Boxing 1 (2.3)
Tennis 8 (18.2)
Handball 3 (6.8)
Swimming 8 (18.2)
CrossFit 2 (4.5)

aValues are reported as n (%) unless otherwise indicated.
bSome athletes played more than one sport.

TABLE 2
Return-to-Play Outcomesa

Value

Returned to play 36 (81.8)
Returned to same or higher level of play 26 (59.1)
Still participating in sports 33 (75.0)
Time to return to play, mean 6 SD, mo 8.7 6 3.3
SLAP-RSI score, mean 6 SD 69.4 6 24.0
Passed SLAP-RSI threshold, % 70.5
VAS score during sport, mean 6 SD 1.8 6 2.5

aValues are reported as n (%) unless otherwise indicated. SLAP-
RSI, Superior Labrum Anterior to Posterior–Return to Sport after
Injury; VAS, visual analog scale.
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Reasons for Not Returning to Play

Of those who did not return to play, the mean age was 34.1
years (range, 17-44 years), and 87.5% were male. The most
common primary reasons for not returning to play were
residual pain in 3 patients (6.8%), 2 (4.6%) reported that
their lifestyle had changed, 1 (2.3%) had a feeling of insta-
bility, 1 (2.3%) was afraid of a reinjury, and 1 (2.3%) sus-
tained an additional injury. The primary reasons for not
returning to the same level of competition despite return-
ing to sport were 5 patients (13.9%) reported that their life-
style had changed, 3 (8.3%) had residual pain, and 2 (5.6%)
had a feeling of instability. Of the patients who returned to
sport but subsequently stopped playing, 1 (33.3%) reported
that their lifestyle had changed, 1 (33.3%) reported shoul-
der pain, and 1 (33.3%) sustained another shoulder injury.
The mean ASES score, VAS score, SSV, and satisfaction
were 78.6, 2.3, 56.9, and 63.3%, respectively. Reasons for
not returning to play, for not returning to the same level
of competition, and for stopping after returning are illus-
trated in Table 5.

Revisions and Complications

There were no short-term complications in this cohort. No
patient required revision shoulder surgery. None of the
patients undergoing biceps tenodesis had a postoperative
Popeye sign.

DISCUSSION

The most important finding from this study is that athletes
undergoing biceps tenodesis had high rates of return to play
as well as continued participation in overhead sports. Addi-
tionally, the majority of patients reported a high psycholog-
ical readiness to return to play. There were good functional
outcomes reported with a high satisfaction rate and willing-
ness to undergo the same procedure again if required.
Finally, there was a low rate of surgical revision.

Biceps tenodesis has demonstrated good outcomes for
patients with biceps injuries such as biceps tendinitis as
well as revision surgery after failed SLAP repair.7,8,18,19

SLAP repair has been associated with postoperative stiff-
ness, lower rates of return to play, and higher than desired
rates of revision surgery, with a systematic review by
Sayde et al22 finding that 63% of overhead athletes
returned to play.1,25 Biceps tenodesis, therefore, has
become the favored surgical treatment for older nonath-
letic patients, and the procedure has been found to be asso-
ciated with less postoperative stiffness and pain, higher
rates of return to play, and fewer surgical revisions com-
pared with arthroscopic repair.14 This was based on the
premise that removal of the pain-generating intra-articu-
lar portion of the long head of the biceps tendon in SLAP
tears would result in improved outcomes. As such, biceps
tenodesis has been gaining popularity as a primary surgi-
cal option for symptomatic SLAP tears that involve the
biceps-labral complex, increasing from less than 2% of
SLAP-related procedures in 2002 to just under 20% in
2011 and likely much higher in recent years.7,8

Overall, the current study found a high rate of return to
play among overhead athletes. Despite concern with per-
forming biceps tenodesis in a younger population because
of its anatomy-altering nature, several studies have
yielded positive outcomes in young athletic patients.5,11,14

Boileau et al3 reported a high rate of return to sport in
a cohort of athletic patients, observing that 87% returned
to their preinjury level of play in their initial study. Biceps
tenodesis was noted to allow the patient to better maintain

TABLE 3
Return-to-Play Breakdown by Sporta

Total
Returned
to Play

Returned to Same or
Higher Level of Play

Baseball 11 10 8
Softball 5 5 4
Volleyball 2 0 0
Rock climbing 4 3 2
Boxing 1 1 0
Tennis 8 6 5
Handball 3 2 1
Swimming 8 8 6
CrossFit 8 2 0

aValues are reported as No.

TABLE 4
Functional Outcomesa

Value

ASES score 92.0 6 13.4
VAS score 0.8 6 1.8
SSV 80.6 6 21.9
Satisfaction, % 87.9 6 22.1
Would undergo surgery again, n (%) 38 (86.4)

aValues are reported as mean 6 SD unless otherwise indicated.
ASES, American Shoulder and Elbow Surgeons; SSV, subjective
shoulder value; VAS, visual analog scale.

TABLE 5
Reasons for Not Returning to Play

n (%)

Reasons for not returning
Residual pain 3 (6.8)
Lifestyle change 2 (4.6)
Instability 1 (2.3)
Fear of reinjury 1 (2.3)
Reinjury 1 (2.3)

Reasons for not returning to same level
Lifestyle change 5 (13.9)
Residual pain 3 (8.3)
Instability 2 (5.6)

Reasons for stopping after returning
Residual pain 1 (33.3)
Lifestyle change 1 (33.3)
Reinjury 1 (33.3)
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shoulder range of motion and strength compared with
arthroscopic repair. Furthermore, Cassidy et al5 found, in
their systematic review of 269 athletes, that 80.7% of
patients returned to play. However, there remains scant
literature on overhead athletes specifically. A recent sys-
tematic review by Frantz et al9 found that only 99 athletes
across 8 studies in the literature underwent biceps teno-
desis. While the authors reported an overall high rate of
return to play, with 70% returning, the limited evidence
in the literature warrants further studies. Among the
included studies, Chalmers et al6 found that among 17 pro-
fessional baseball players who underwent biceps tenodesis,
only 35% returned to the same level of play, with worse
outcomes in pitchers than in position players. However,
the authors did not specify that several of the biceps teno-
desis procedures were performed as revision surgery to
treat failed SLAP repair, and these were not always for
isolated SLAP tears.

Approximately one-fifth of the patients in the current
study were unable to return to play. While the causes
for not returning to play after biceps tenodesis are likely
to be multifactorial, we found that the most common rea-
son for athletes being unable to return to play was resid-
ual pain after the procedure. Virk and Nicholson26 noted
that pain after biceps tenodesis is a common complaint
and may be attributable to cramping or soreness in the
biceps muscle postoperatively, residual groove pain, and
the potential loss of biceps strength in bending the elbow
or supinating the forearm. Furthermore, overhead ath-
letes commonly have adaptive changes that develop
from recurrent microtraumatic stresses placed on the
shoulder, which can cause residual pain. Brady et al4 per-
formed a retrospective study of 1083 patients undergoing
arthroscopic biceps tenodesis and found that only 5% to
10% reported bicipital pain after surgery, although previ-
ous systematic reviews have found minimal difference
between open and arthroscopic biceps tenodesis in terms
of bicipital pain.5,13 However, Werner et al27 found an
increased incidence of postoperative stiffness after arthro-
scopic suprapectoral biceps tenodesis compared with open
subpectoral biceps tenodesis, which may be problematic
in overhead athletes.

In the current study, 1 athlete noted that they had sub-
jective instability preventing them from returning to play,
and 2 athletes noted that instability prevented them from
returning to their previous level of competition. Strauss
et al24 found, in a biomechanical study, that biceps teno-
desis was unable to completely restore normal transla-
tional stability and cautioned against biceps tenodesis in
the elite overhead-throwing athlete. The fear of a reinjury
was also a reason for one patient’s inability to return to
play. Kinesiophobia may be a limiting factor in patients
who express fear of a reinjury and can be associated
with poor outcomes. Paterno et al21 studied 40 patients
cleared to return to sport after anterior cruciate ligament
reconstruction and found that patients with greater self-
reported fear had an increased risk of actually suffering
a second anterior cruciate ligament injury. However,
this requires further research in those undergoing shoul-
der surgery.

Limitations

There were several potential limitations and sources of
bias. This was a retrospective analysis and was thus sub-
ject to biases and confounders. Furthermore, there was
no control group or comparison included, and it would be
of interest to compare these results to those of patients
undergoing SLAP repair. Additionally, because of small
numbers, it was not possible to compare the results of
the different sports to determine whether any was associ-
ated with a lower rate of repair. Finally, we did not exam-
ine patients in person at the time of the last follow-up
because of limitations in bringing patients back into the
office setting during the current pandemic.

CONCLUSION

This study found that athletes undergoing biceps tenodesis
had a high rate of return to play, good functional outcomes,
and a low rate of revision surgery.
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