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Background: Ulnar collateral ligament reconstruction (UCLR) has become an increasingly common procedure among Major
League Baseball (MLB) pitchers. The long-term effects of this procedure on the career of an MLB pitcher are largely unknown.

Purpose/Hypothesis: The purpose of this study was to determine why and when MLB pitchers who underwent UCLR during their
careers retired from baseball as compared with controls. We hypothesized that pitchers who underwent UCLR are no more likely
than control pitchers to retire from elbow or shoulder problems.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: All MLB pitchers who underwent UCLR were identified through publicly available data. A cohort of pitchers who did not
undergo UCLR were matched to pitchers with a history of UCLR, based on sex, age, draft year, and draft round. Of those who were
no longer pitching in the MLB, the reason for retirement was determined. Reason for retirement and length of career following
UCLR (surgical group) and index year (control group) were determined and compared through prior studies via the MLB HITS
database, MLB team websites, and publicly available internet-based injury reports.

Results: Overall, 153 MLB pitchers who underwent UCLR between 1974 and 2015 are currently retired. Mean + SD time to retirement
was 4.4 + 4.7 years (range, 0-26 years) after the index year in the control group and 4.4 + 3.5 years (range, 0-15 years) after surgery in
the UCLR group (P = .388). Patients who were status post-UCLR were significantly more likely to be released during the season (34 of
144, 23.6%) than were players who were not status post-UCLR (14 of 144, 9.7%) (P = .002). Shoulder injury as areason for retirement
was more common in the control group than the UCLR group (P = .011). Elbow injury as a reason for retirement was not more
common in either group (P = .379). Leg injury as a reason for retirement was more common in the control group (P = .013). Per-
formance as a reason for retirement was more common in the UCLR group than the control group (P < .001).

Conclusion: MLB pitchers who have undergone UCLR are no more likely to retire from shoulder or elbow injuries than are those
who have not undergone UCLR. MLB career length was similar between pitchers with and without a history of UCLR.
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The ulnar collateral ligament (UCL), which functions as the
primary valgus restraint to the elbow, experiences a tre-
mendous amount of stress during the overhand baseball
pitch.®2829 Numerous studies have documented the rising
number of UCL reconstructions (UCLRs) among adolescent
as well as professional baseball pitchers, as this is the cur-
rent standard for players with UCL injuries who have
failed conservative treatment and wish to return to compe-
tition at a high level. 3151723 Fortunately, results following
UCLR among Major League Baseball (MLB) pitchers and
adolescents have been encouraging, with many studies
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reporting a >80% return-to-sport rate at the same or higher
level of competition.>"12431:32 While many authors have
worked toward identifying risk factors for sustaining a
UCL injury and implementing strategies to reduce the risk
of injuring the UCL, further work on this subject must be
done,245:14,16,19,20,34,35

Witnauer et al®” performed a comprehensive review of all
MLB position players to determine the mean length of a
position player’s career once reaching the majors. The
authors found the mean MLB career length of a position
player to be 5.6 years. While this study shed some light on
the expected longevity of MLB players, the authors
excluded pitchers, given their high injury rates, and did not
report on the reasons for retirement. Recent studies found
that MLB pitchers who successfully returned to sport
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following UCLR play for an additional 3.9 + 2.84 seasons
(mean + SD) before they retire.'® However, their reasons for
retirement are currently unknown. If these pitchers are
retiring because of a common modifiable reason, it may be
possible to increase the length of a pitcher’s career by pre-
venting the issue that causes one to retire.

Therefore, the purpose of this study was to determine the
reasons for retirement among MLB pitchers who under-
went UCLR and to compare these reasons with those of a
matched cohort of MLB pitchers with no history of UCLR.
We hypothesized that pitchers who underwent UCLR
would be no more likely than control pitchers to retire from
elbow or shoulder injuries.

METHODS

All MLB pitchers who underwent UCLR between 1974 and
2015 were evaluated. Pitchers were identified from prior
studies, MLB team websites, and publicly available
internet-based injury reports.'*1%2%36 Thege pitchers were
then cross-referenced with team injury reports, and a prior
database verified the MLB HITS database to ensure accu-
racy.'®'® Numerous prior publications have utilized this
method of data collection.'>273° As these data were publi-
cally available, Institutional Review Board approval was
not necessary. Inclusion criteria were MLB pitchers
(defined as having pitched in at least 1 MLB game prior
to undergoing UCLR) who pitched for at least 1 season
following UCLR and who are currently retired. Exclusion
criteria were collegiate pitchers (NCAA [National Colle-
giate Athletic Association]), position players (nonpitchers),
pitchers who never pitched in MLB, and pitchers who never
returned to the MLB following UCLR, as it would not be
possible to accurately determine the cause of failure. The
presumed cause would be from an elbow injury, and prior
data exist on this; as such, these players were excluded to
focus on why players who were able to successfully return
to pitching following UCLR retired. Pitchers who were
<20 months out from their index UCLR were excluded.

A control group was selected to compare career length
with that of the cases (UCLR). Controls were matched with
cases based on sex, age, draft year, and draft round. An
“index year” was designated for controls, analogous to UCLR
year among cases. In other words, the controls pitched the
same number of years before the index year as the cases
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pitched before surgery. For example, if a pitcher underwent
UCLR 3 years into his career, the index year for the matched
control was set at 3 years. This year was used to determine
the length of a player’s career and to allow comparison
between the control group and the UCLR group. In essence,
the index year functioned as the surgical year for the con-
trols. The reason for the retirement of all pitchers, cases and
controls, was then determined through MLB team websites,
publicly available internet-based injury reports, and press
releases (Table 1). Players who had no specific injury issue
at the time of retirement were classified as having retired
because of a decline in performance. Pitchers who under-
went UCLR were then compared with controls in regard to
WHIP ([walks + hits] / innings pitched), a sabermetric meas-
ure that calculates the number of base runners that a pitcher
allows per inning, as a snapshot of pitching effectiveness.

Statistical Analysis

Pathologies were combined by body part. Chi-square tests
were performed to compare UCLR and control groups per
body part as well as the path that the player took to the
MLB (high school vs college vs foreign). Similar test were
used to compare groups for whether a player’s release took
place during or after the season. Time to retirement was
compared between the UCLR and control groups using the
Mann-Whitney U test, as the data were not normally dis-
tributed, as measured using the Kolmogorov-Smirnov test.
Similar tests were used to compare the best WHIP, the
WHIP during their last year of pitching, and their salary.
P values <.05 were considered statistically significant. All
analyses were conducted in Excel and SPSS 23 (IBM).

RESULTS

A total of 153 MLB pitchers with a history of UCLR were
able to return to sport and are now retired. Time to retire-
ment was 4.4 + 4.7 years (range, 0-26 years) for the control
group and 4.4 + 3.5 years (0-15 years) for the UCLR group
(P = .388). Patients who were status post-UCLR were sig-
nificantly more likely to be released during the season (34
of 144, 23.6%) than players who were not (14 of 144, 9.7%)
(P = .002). The most common reasons for retirement for
pitchers with a history of UCLR and controls were decline
in performance, shoulder problems, and elbow problems
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TABLE 1
Reasons for Retirement for Major League Baseball Players
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TABLE 2
Players Retiring per Pathology”®

Shoulder inflammation

Shoulder labral injury

Shoulder rotator cuff tear

Shoulder rotator cuff tendinitis
Shoulder latissimus injury

Shoulder infection

Shoulder pain

Shoulder injury not otherwise specified
Combined rotator cuff and labral injury
Elbow revision ulnar collateral ligament reconstruction
Elbow bone chips

Elbow distal humerus fracture

Elbow numbness/nerve injury

Elbow pain/not otherwise specified
Anterior cruciate ligament injury
Achilles tendon injury

Other foot and ankle injury/fractures
Injuries of the hamstring/knee

Lumbar disc herniation

Cervical disc herniation

Low back pain

Thoracic outlet syndrome
Abdominal/oblique injury

Medical problem contributing to retirement
Injuries of the hip/thigh/groin and death
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Figure 1. Percentage of players in the UCLR and non-UCLR
groups retiring for issues related to each body area. UCLR,
ulnar collateral ligament reconstruction.

(Figure 1). Table 2 presents data for the specific body
regions that were the cause for retirement for both groups.
Control pitchers (ie, without a history of UCLR) were more
likely to retire from shoulder and leg injuries than were
pitchers with a history of UCLR (28.5% vs 16%, P = .011;
15% vs 6%, P = .013, respectively) (Table 3). Pitchers with a
history of UCLR were no more likely than control pitchers
to retire secondary to elbow problems (11.1% vs 14.6%, P =
.379). Pitchers with a history of UCLR were more likely
than control pitchers to retire owing to a decline in perfor-
mance (63.8% vs 36.2%, P < .001). When education levels
among UCLR and non-UCLR players were compared,

Players, % (No.)

Area: Pathology UCLR Control
Shoulder
Inflammation 1.4 (2) 14.6 (21)
Labral tear 4.2 (6) 4.9(7)
Rotator cuff tear 4.9 (7 5.6 (8)
Rotator cuff tendonitis 2.1(3) 0(0)
Latissimus strain 0.7 (1) 1.4 (2)
Other 2.8 (4) 4.2 (6)
Elbow
Revision UCLR 2.8 (4) 0(0)
Bone chips 1.4 (2) 2.8 (4)
Humeral fracture 0.7 (1) 0.7 (1)
Hand numbness 0.7 (1) 0(0)
Other 5.6 (8) 11.1 (16)
Other
Anterior cruciate ligament injury 1.4 (2) 0(0)
Achilles tear 0.7 (1) 0.7 (1)
Foot/ankle injury 1.4 (2) 0(0)
Hamstring/knee injury 2.8 (4) 3.5 (5)
Lumbar disc herniation 1.4 (2) 0.7 (1)
Cervical disc herniation 2.1(3) 0(0)
Low back pain 1.4 (2) 2.8 (4)
Thoracic outlet 1.4 (2) 2.1 (3)
Hand injury 0.7 (D 2.1(3)
Abdominal/oblique injury 1.4 (2) 4.9 (7)
Other 1.4 (2) 0.7 (1)
Thigh/hip/groin injury 0.7 (1) 11.1(16)

“UCLR, ulnar collateral ligament reconstruction.

TABLE 3
Players Retiring for Pathologies per Body Part®

Players, % (No.)

Area UCLR Control P Value
Shoulder 16 (23) 28.5 (41) 011
Elbow 11.1 (16) 14.6 (21) 379
Legs 6.3 (9) 15.3 (22) .013
Back 4.9 (7) 3.5 (5) .555
Other 5.6 (8) 9.7 (14) .183
Performance 63.8 (90) 36.2 (50) <.001

“P values are based on the results of chi-square tests. Signifi-
cant differences are in bold (P < .05). UCLR, ulnar collateral liga-
ment reconstruction.

significantly more players were drafted out of high school
in the UCLR group than the control group (Table 4). Sim-
ilarly, significantly more players in the control group were
drafted out of college and hence had a college education.
Significantly more foreign-born players underwent UCLR
than not. When performance was compared between
players who underwent UCLR and their matched controls,
players with a history of UCLR had a statistically signifi-
cantly better (ie, lower) WHIP during the peak performance
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TABLE 4
Level of Play Prior to Major League Baseball®
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TABLE 5
Performance Statistics Between Player Groups®

Players, % (No.)

Players, Mean + SD

Source UCLR Control Variable UCLR® Control
High school 34 (49) 29 (42) Best WHIP 1.13+0.2 1.27+£0.34
College 51 (74) 70 (101) WHIP at 1.55 +0.33 1.93 £ 0.76
Foreign 14 (20) 1D retirement

Salary, $ 2,756,103 + 3,987,015 1,972,485 + 3,994,329

“P < .001. UCLR, ulnar collateral ligament reconstruction.

year of their careers and in their last year before retirement
(Table 5). Annual salary was significantly higher among
players who underwent UCLR than not.

DISCUSSION

While more than 80% of MLB pitchers who undergo UCLR
are able to successfully return to sport, it is currently
unknown what causes these players to retire and whether
the reasons are different from those of MLB pitchers with
no history of UCLR. Our hypothesis was confirmed: MLB
pitchers with a history of UCLR were no more likely than
control pitchers to retire because of shoulder or elbow inju-
ries. Furthermore, as compared with control pitchers, MLLB
pitchers with a history of UCLR played a similar number of
seasons following surgery. As compared with those of the
controls, the peak performance and the performance for the
last year of the career were better among pitchers who
underwent UCLR,; salary was also higher among pitchers
who underwent UCLR.

The UCL has received a tremendous amount of attention
in recent literature given the epidemic increase in the num-
ber of UCLRs performed among adolescent and elite-level
athletes.5811:2538 A concern over revision rates and fail-
ures following UCLR has arisen, as the number of revision
UCLRSs has increased over the last 10 years.2”?® This con-
cern has called into question the longevity of the UCLR pro-
cedure. Several studies have reported on the revision rates
among adolescent and elite-level pitchers following
UCLR. %2736 These rates ranged between 0% and 15%, with
the majority of studies citing a rate of <10%.% 715263136 Thjg
study found that pitchers with a history of UCLR were no
more likely to retire from an elbow problem than pitchers
with no history of UCLR (11.1% vs 14.6%, P = .379). Hence,
despite having had prior surgery on the elbow, continuing
problems with the elbow are not a common reason for retire-
ment among pitchers who have undergone UCLR.

Pitchers who are successfully able to return to sport in
MLB following UCLR must complete a demanding rehabil-
itation process. While very little is understood about the
ideal rehabilitation protocol following UCLR, much of this
process focuses on proper pitching mechanics to limit exces-
sive stress on the shoulder and elbow, as some believe that
improper pitching mechanics is one of the risk factors for
injury of the UCL.%%2133 Hence, when pitchers return to
sport following UCLR, their pitching mechanics may often
be better than they were before surgery. Hannon et al®2

“UCLR, ulnar collateral ligament reconstruction; WHIP, walks
plus hits per inning pitched.

bPerformance statistics were better in the UCLR group (P <
.001 per row).

studied 33 collegiate and high school baseball pitchers to
determine their single-leg balance before and after UCLR.
Each participant underwent a standard UCL protocol that
focused on lower extremity balance and neuromuscular
control exercises. The authors found that pitchers who sus-
tained a UCL tear had significant balance deficits in stance
(P < .001) and lead (P = .009) limbs before UCLR versus
after surgery, indicating that the rehabilitation protocol
was successful at optimizing their core strength and bal-
ance. The present study found that, compared with pitchers
who underwent UCLR, control pitchers without a history of
UCLR were more likely to retire because of leg injuries.
This finding corroborates the prior study, as pitchers have
improved balance following UCLR, thereby decreasing
their risk of lower extremity injury.

Previous studies found a link between lack of total gleno-
humeral motion and risk for elbow injury among MLB pitch-
ers.3? However, the converse has not been proven. No study
to date has definitively shown prior elbow injury or elbow
surgery, including UCLR, to be a risk factor for sustaining a
shoulder injury, although many surgeons believe it to be the
case. The current study found that pitchers with a history of
UCLR were less likely to retire from shoulder injuries than
were pitchers with no history of UCLR. This finding again
speaks to the rehabilitation process and the improvement in
pitching mechanics seen following UCLR, which may be
protective against future shoulder injuries, although fur-
ther work must be done to definitively prove this.

The main reason for retirement among pitchers with a
history of UCLR was a decline in performance and not a
distinct, reported injury. Many pitchers do not sustain a
distinct injury but rather suffer a decline in overall perfor-
mance toward the end of their careers and are not re-signed
with their teams, or they are directed to the minor leagues
and never return to the major leagues. When performance
was measured by WHIP, players’ peak performance and
performance in the final season were better in the UCLR
group than the control group. Furthermore, pitchers who
underwent UCLR had a higher season salary than controls.
This shows that, according to performance and salary, bet-
ter pitchers were more likely to undergo UCLR than pitch-
ers who were not as highly valued or as effective (controls).
However, at the end of their careers, players who under-
went UCLR were more likely than controls to be released
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during the season. This finding could indicate a rapid in-
season decline in performance among these pitchers, as
they were not retained through the end of their final sea-
sons, although the etiology of this decline is unknown. This
correlates with the fact that pitchers with a history of
UCLR were more likely than control pitchers to retire for
performance reasons. One other possibility is that players
with a history of UCLR had significantly higher salaries
than control pitchers, indicating that they made more total
money during their careers. Hence, they may have been
more likely to retire in season and forego the rest of their
contracts because they had generated a higher income dur-
ing their careers than had control pitchers, or it is possible
that a higher-paid player was released midseason to free up
space and money on the roster to pick up other players.
Further studies evaluating possible reasons for the decline
in performance among these players should be conducted.

This study found no significant difference in the number
of seasons played in the majors following UCLR when com-
pared with the index years assigned to control pitchers.
This essentially means that although the performance level
of pitchers following UCLR declined over time, it did not
decline at any faster rate than that of pitchers without a
history of UCLR. It is possible that pitchers have a limited
number of innings and/or pitches before they are no longer
effective, although this has not been proven. Furthermore,
pitchers with a history of UCLR were less likely to retire
from a distinct injury, possibly indicating that the sur-
gery—and, more likely, the rehabilitation process—may
have a protective effect against future shoulder and leg
injuries, although this cannot be proven. Finally, there
were significantly more foreign pitchers who underwent
UCLR than not. Foreign pitchers are not subject to the
stringent pitch counts during their adolescence that are
in effect in the United States. This may indicate that pitch
counts that have been implemented in the United States
are becoming effective in preventing UCLR down the road
among these pitchers.!? Further longitudinal studies are
necessary to confirm this finding.

Limitations

Although this study is the first to evaluate reasons for
retirement among MLB pitchers following UCLR, it has
several limitations. There is the possibility that some pitch-
ers who underwent UCLR were missed during the search
and were therefore not included. Although meticulous
attention to detail was used to discern reasons for retire-
ment, these reasons were based on team injury reports,
press releases, and so on; therefore, it is possible that some
of this information was inaccurate. There is the possibility
that some pitchers in the control group may have under-
gone UCLR in high school or college and so were incorrectly
placed in the control group. Pitchers were included in this
study only if they returned to sport following UCLR. This
could have introduced a selection bias that may have
affected the performance outcome data during comparison
between the UCLR and control groups. Surgical details,
including approach, graft type, management of the ulnar
nerve, and surgical technique, were not available, so this
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study cannot comment on the superiority of one technique
over another. Similarly, rehabilitation protocols for individ-
ual pitchers following UCLR were unknown; accordingly, a
recommendation on the ideal protocol cannot be made.
Finally, a decline in performance was the reason for retire-
ment for many of the cases and controls. However, it is
possible that some of these players had issues and injuries
that they were not willing to disclose to agents, media, and
others and were therefore erroneously assigned to the
“decline in performance” group.

CONCLUSION

MLB pitchers who have undergone UCLR are no more
likely to retire from shoulder or elbow injuries than those
who have not undergone UCLR. MLB career length was
similar between pitchers with and without a history of
UCLR.
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