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Purpose: To determine return to play (RTP) rates after biceps tenodesis (BT) in professional baseball players.
Methods: Major League Baseball has maintained a prospective database containing all major and minor league baseball
players who have undergone shoulder surgery since 2010. All players who had undergone BT were included. Minimum
follow-up was 24 months, and thus we included data from 2010 to 2013. Using this database we determined the incidence, demographics, prior surgery history, concomitant procedures, RTP rates, and time to RTP. Results: Between 2010
and 2013, 17 professional baseball players underwent BT. Seventy-one percent of the 17 were pitchers, and 29% of the 17
were in the major league. Forty-seven percent of the 17 had a history of a prior shoulder surgery and 47% of the 17
underwent concomitant labral repair. For all players, RTP after BT was 35%, whereas RTP after BT without a concomitant
reconstructive procedure was 44% in 10  6 months, and 25% for those who underwent both BT and a concomitant
reconstructive procedure (P ¼ .620). All players who RTP were able to return to at least 20 games at their preoperative
level of play. Return to professional play was 80% among position players and 17% among pitchers (P ¼ .028). For those
pitchers who RTP, performance was not statistically changed. Conclusions: Professional baseball players who undergo
BT have a 35% rate of return to their prior level of play. Whereas pitchers have only a 17% rate of RTP, position players
have an 80% rate of RTP. Of those who returned, all returned to their prior level of play. The pitchers who returned had
no signiﬁcant change in performance statistics. Level of Evidence: Level IV, therapeutic study, a case series.
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verhand baseball pitching places signiﬁcant stress
on the shoulder and elbow.1-3 Shoulder and
elbow pain occurs in 30% of youth baseball pitchers,
and 31% of youth baseball pitchers describe a prior
history of injury.4 In particular, pitching has been
implicated in the creation of SLAP tears.5-8 This lesion is
identiﬁed on magnetic resonance imaging in up to 48%
of pitchers,9,10 and has been implicated as a source of
pitching-related pain.11
The operative treatment of SLAP tears remains
controversial.12,13 SLAP repair in overhead athletes
does not predictably return them to play (RTP).12,14-17
Biceps tenodesis (BT) has been proposed as an alternative or adjunct to SLAP repair.12,18 A SLAP repair
preserves the glenohumeral function of the long head
of the biceps tendon (LHBT), whereas BT removes the
intra-articular portion of the LHBT and with it any
function that this tendon may serve in glenohumeral
kinematics.19 The long head of the biceps has been
suggested to have a role as a head depressor20 or as a
static stabilizer of the glenohumeral joint.21,22 The
kinematic consequences of BT within the pitching
motion remain largely unknown.18,23 To date no study
has described rates of RTP in high-level baseball players
after BT for any indication, and thus it remains
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unknown whether BT may have kinematic consequences that preclude RTP in this population. The
purpose of this study was to determine the RTP rates
after BT among professional baseball players. We hypothesized that RTP rates after BT among professional
baseball players would be less than 50%.

include a complete baseline from up to 144 months
preoperatively and to provide a full postoperative view
for up to 36 months postoperatively. For this dataset,
performance data were only available for pitchers. This
dataset does not include the indication for surgery nor
the surgical technique.

Methods

Statistical Analysis
Data are reported as means with 1 standard deviation.
Rates of RTP were compared between position players
and pitchers, between minor league players and major
league players, between players with concomitant
reconstructive procedures (CRP) and those without,
and between players with prior shoulder surgery and
those without using c-square tests and Fisher’s exact
tests (Table 1). The former were used if all cell populations were >5, and the latter were used if any cell
populations were <5. Given the potential kinematic
connection between shoulder and elbow injuries, we
also analyzed time on the DL for an elbow injury.
Because of the wide variety of lower extremity injuries,
the authors did not analyze time on the DL for a lower
extremity injury. Pre- and postoperative performance
data, normalized to the preoperative mean performance, were compared using Student’s t-tests after
conﬁrming data normality using the KomolgorovSmirnov test. All analyses were performed in Excel X
(Microsoft, Redmond, WA) and SPSS 21 (IBM,
Armonk, NY). Because this is a retrospective study of an
uncommon procedure in a speciﬁc population subgroup, no a priori power analysis was conducted and all
available patients were included.

This study was a retrospective case series. Major
League Baseball (MLB) has maintained a prospective
database containing all major and minor league baseball players who have undergone shoulder surgery
since 2010. Within this study, we included all players
who had undergone BT and had a minimum of
24 months of follow-up, such that players from 2010 to
2013 were included. Some of these players had undergone concomitant rotator cuff repair, labral repair
(including superior labral repair), capsulorrhaphy, or
other reconstructive procedures, and we analyzed the
effect of inclusion of these multiple procedures. We
included those players who had undergone nonreconstructive procedures such as debridement, subacromial decompression, and acromioplasty. The
individuals at MLB who maintain the database
determined the speciﬁcs of each procedure (i.e., a
subacromial decompression vs an acromioplasty) based
on the operative reports.
To protect players, access to these data is very limited
and requires a compelling hypothesis and lengthy
approval process for publication, which the authors
have completed over a 24-month timespan. Deidentiﬁed, preanalyzed data were provided by MLB for the
purpose of this study. Because only deidentiﬁed data
were provided, Institutional Review Board’s approval
was not needed. This study did not receive any funding.
Demographic information was collected: age, position, level of play, concomitant procedures, prior ipsilateral shoulder procedures, whether the players had a
history of shoulder surgery and if so how many months
before BT, and prior presence on the disabled list (DL).
Outcome information was collected: whether the
players RTP and if so how long after the BT, whether
the players returned to at least 1 game at their preoperative level of play and if so how long after the BT, and
whether the players returned to at least 10 games at
their preoperative level of play and if so how long after
the BT. The level of play was deﬁned based on the
stratiﬁed leagues within Major and Minor League
Baseball: Rookie, Foreign, Short-Season A, Single-A,
Double-A, Triple A, Major League. The following performance data were collected for each pitcher for each
season: earned run average, games, game starts, inning’s pitched, losses, wins, walks and hits per inning
pitched, shutouts, saves, strikeouts, base-on balls, hits
surrendered, and home runs surrendered. All available
performance data were included and averaged to

Results
Between 2010 and 2013, 17 professional baseball
players underwent BT. Seventy-one percent of these 17
were pitchers and 29% of these 17 were major league
players. No players were excluded because of loss of
follow-up. The position players included 1 short stop, 1
third baseman, 1 center ﬁelder, 1 left ﬁelder, and 1 ﬁrst
baseman. Of the pitchers, 67% were starters and 33%
Table 1. Rates of Return to Play
Variable
Position
Pitcher
Position player
Level of play
Major league
Minor league
Prior surgical procedures
Yes
No
Concomitant reconstructive procedures
Yes
No

Return to Play

P Value

17%
80%

.028

40%
33%

.605

13%
56%

.131

25%
44%

.620

NOTE. All rows describe both pitchers and position players.
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were relievers or closers. Of the pitchers, 92% were
right-hand dominant. The average player age was
28.0  3.2 years. All players underwent concomitant
procedures. Eight players underwent reconstructive
procedures, which included 7 superior labral repairs, 1
rotator cuff repair, 1 capsular repair, and 1 anteroinferior labral repair. The remaining 9 players underwent non-reconstructive procedures including
labral debridement, rotator cuff debridement, subacromial decompression, acromioplasty, and glenohumeral debridement.
Forty-seven percent of players had had prior shoulder
surgery, and 17% of players had had 2 or more prior
shoulder surgeries. Four players had prior SLAP repairs,
1 player had a prior rotator cuff repair, 4 players had a
prior subacromial decompression/bursectomy, 6
players had a prior labral debridement, 4 players had
prior rotator cuff debridement, and 1 player had a prior
coracoacromial ligament release. These procedures
were performed an average of 20  25 months before
BT. There was no difference in the percentage of
pitchers versus position players with prior surgery
(50% vs 40%, P ¼ 1.000).
Seventy-two percent of players had a history of being
on the DL for a shoulder injury, with 53% of players
having multiple appearances on the DL for a shoulder
injury. Laterality is not provided by the database. The
ﬁrst appearance on the DL for a shoulder injury was an
average of 36  24 months before BT. Forty-one
percent of players had a history of being on the DL
for an elbow injury, with 12% of players having multiple appearances on the DL for an elbow injury. The
ﬁrst appearance on the DL for an elbow injury was an
average of 48  36 months before BT. Four players did
not have any history of being on the DL for any upper
extremity injury. Rates of return to any level of professional play did not differ between those players with
a history of being on the DL for a prior shoulder injury
and those without a history of being on the DL for a
prior shoulder injury (23% vs 75%, P ¼ .099). Among
those pitchers who did return to their prior level of
play, preoperative and postoperative performance was
unchanged (Table 2).
Overall, 35% of players who underwent BT subsequently returned to any professional play within
11  7 months. All of these players returned to at least
20 games at their preoperative level of play, with a
mean number of postoperative games of 234  184 at
any level and 182  196 at their preoperative level.
Among those who underwent CRP, 25% returned to
play, whereas 44% of those who underwent BT
without a CRP returned to play (P ¼ .620). Return to
professional play was signiﬁcantly more common
among position players than pitchers (80% vs 17%,
P ¼ .028). RTP was not different between minor leaguers and major leaguers (33% vs 40%, P ¼ 1.000).

Table 2. Pre- and Postoperative Performance Data for
Pitchers That Returned to Play After Biceps Tenodesis
ERA
G
GS
IP
L
W
WHIP
SHO
SV
SO
BB
H
HR

Preoperative
3.7  2
28  22
5.9  9.5
61  52
3.1  3.2
3.7  3.7
1.3  0.4
0.1  0.4
1.5  4.1
44  34
20  17
60  57
5.3  6.1

Postoperative
4.2  1.7
18  11
5.4  7.2
41  35
1.8  2.5
2.3  1.7
1.4  0.3
00
1.3  2.4
25  18
10  8
44  43
2.8  3.6

P Value
.154
.111
.733
.204
.169
.205
.473
.286
.509
.115
.059
.308
.124

BB, base on balls; ERA, earned run average; G, games; GS, game
starts; H, hits; HR, home runs; IP, innings pitched; L, losses; SHO,
shutouts; SO, strikeouts; SV, saves; W, wins; WHIP, walks and hits per
inning pitched.

Although RTP was less common among players with
prior shoulder surgery, this difference was not statistically signiﬁcant (56% vs 13%, P ¼ .131).

Discussion
Professional baseball players who undergo BT have a
low rate of return to their prior level of play. Among
pitchers, this rate is even lower. Those who did return
played a mean of 182  196 games at their previous
level of play. Among those pitchers who returned, there
were no signiﬁcant changes in performance statistics.
BT is an uncommon procedure in professional
players. In our study between 2010 and 2013, only 17
professional baseball players in the professional injury
database underwent BT. As a result, this condition is
difﬁcult to accurately study in players at this level and
the outcomes have remained largely unknown. Sports
surgeons have been reluctant to consider BT as a
treatment option for overhand throwing athletes
because of the unknown effects of the procedure on the
throwing motion and the ability to RTP. Although the
functional role of the LHBT has not been completely
elucidated, many surgeons remain concerned that the
removal of the intra-articular segment of the biceps
may adversely affect the overall function of the shoulder. Several clinical studies have reported favorable
results for BT performed for an indication of a SLAP
tear.12,18,24-27 It remains controversial whether BT
provides better outcomes than repair for a SLAP tear,
with some studies suggesting superior outcomes for
BT,12 and others reporting no differences.24,27 In addition, most of the studies do not include a signiﬁcant
number of overhead throwing athletes. A comparative
motion analysis study suggested more differences in
throwing kinematics between normal pitchers and
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pitchers status post SLAP repair than between normal
pitchers and those status post BT for a SLAP tear.18
Within our study, the majority of professional baseball players who underwent BT were not able to RTP.
Of those who were able to return, all were able to return to their prior level of play and all were able to
return to at least 20 games at that level, with the mean
number of postoperative games at their prior level of
play being 182  196. Performance statistics for pitchers
were also not statistically changed. Rates of RTP were
the highest for position players (80%) and the lowest
for pitchers (17%). The explanation for this ﬁnding is
unclear, but may be related to the higher demand
pitchers place on the arm, which makes RTP more
challenging. In addition, the indications for BT, the
injury mechanism, and/or pathology of the shoulder
may differ between position players and pitchers. The
low rates of RTP in pitchers are certainly concerning,
although given the high incidence of prior injuries,
prior shoulder surgeries, concomitant procedures, and
high level of postoperative demand, this population is
particularly challenging to RTP. RTP rates were not
different between minor and major leagues and between those with CRP and those without CRP. Overall,
these rates of RTP are similar to those previously
described for professional baseball players undergoing
SLAP repair. Fedoriw et al.28 reported a 48% rate of
RTP in 27 professional baseball pitchers who underwent the surgical treatment of a SLAP tear, but only a
7% rate of return to their preoperative level of play.
Similarly, Neri et al.29 reported a 57% rate of RTP after
SLAP repair in collegiate or professional overhead
athletes. Other previous series professional baseball
pitchers have described the need for concomitant rotator cuff repair as a negative prognostic factor for RTP,
although within 17 players included here there was no
difference.30 The difference in rates of RTP between
pitchers and position players has not been previously
described but again may relate to individual factors with
these speciﬁc players, given the overall small number of
players involved in the study.
Limitations
Our study has several limitations. Although the study
examined all professional players entered into the MLB
injury database who underwent BT between 2010 and
2013, the small number of patients included in the
study may lead to statistical comparisons that are underpowered and a potential for type II error. The lack of
a control group limits our ability to draw comparisons
between BT and other procedures. Given that the indications for BT among the 17 players included are
unknown and likely heterogeneous, the authors did
not feel that an appropriate control group could be
selected. The use of a database design also has limitations because data such as surgical indications, surgical

technique, standardized outcome measures, range of
motion, and quality of life are not available. Similarly,
errors in entering the data would result in errors in our
analysis, which could create a recording bias. The patients are heterogeneous with respect to surgical indications, primary or revision surgery, concomitant
pathology, operative technique, postoperative rehabilitation protocol, and numerous other aspects of the
perioperative care. These factors as well as the study
design contribute to a likely substantial selection bias.
We have used a retrospective design. It remains unclear
whether these results can be generalized to nonprofessional players, to other overhead athletes, or to the
general public. In addition, many of these players underwent concomitant procedures and previous procedures, which can also inﬂuence outcome. Also, our
study is limited in that performance data were only
available for pitchers.

Conclusions
Professional baseball players who undergo BT have a
35% rate of return to their prior level of play. Whereas
pitchers have only a 17% rate of RTP, position players
have an 80% rate of RTP. Of those who returned, all
returned to their prior level of play. The pitchers who
returned had no signiﬁcant change in performance
statistics.
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