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Background: There are limited data on the performance or pitching metrics of Major League Baseball (MLB) pitchers who returned
to play after ulnar collateral ligament reconstruction (UCLR).

Purpose: To describe MLB pitcher performance after return from primary UCLR, compare the velocity and pitch characteristics
against the preoperative season, and determine if performance analytics can predict successful return to pitching after UCLR.

Study Design: Case-control study; Level of evidence, 3.

Methods: This study included 63 pitchers who underwent primary UCLR between 2015 and 2019. Publicly available advanced
analytics and pitch metrics from the first 2 postoperative seasons were compared with the preoperative (index) season as well as
with an uninjured control group.

Results: Overall, 57% of the pitchers successfully returned to the MLB level. Although they threw significantly fewer pitches
(P¼ .012) and innings (P¼ .022) in postoperative year 1 as compared with the index season, there were no significant differences in
pitch velocity, release extension, perceived velocity, or performance as measured by advanced analytics. Also, as compared with
the index season, returners demonstrated increased postoperative spin rates on curveballs (P ¼ .001) and sliders (P ¼ .010), and
curveball horizontal movement was significantly increased (P ¼ .007); however, horizontal movement was significantly decreased
for 4-seam fastballs (P ¼ .026), changeups (P ¼ .005), and sinkers (P ¼ .019). The vertical movement on 4-seam fastballs was
greater (P < .001) in postoperative year 1, and the vertical movement on curveballs (P¼ .031) and sinkers (P ¼ .010) was greater in
postoperative year 2 when compared with the index season. Pitchers who failed to return to the MLB level had a lower preoperative
strikeout percentage (P¼ .047), fewer strikeouts per 9 innings pitched (P¼ .046), fewer wins above replacement ([WAR]; P¼ .026),
and lower player value (P ¼ .030) than the pitchers who returned.

Conclusion: Pitchers returning to the MLB level after UCLR demonstrated changes in pitch movement profiles and spin rates
postoperatively, but there were no differences in velocity or many advanced analytics upon return. Pitchers with lower strikeout
metrics, fewer WAR, and less player value before surgery may have an elevated risk of failing to return to the MLB level.

Keywords: pitching; baseball; throwing injuries; Major League Baseball; return to sport; return to performance; analytics; ulnar
collateral ligament reconstruction; UCL reconstruction; Tommy John surgery; pitch movement; spin rate; velocity; StatCast; wins
above replacement (WAR)

The anterior bundle of the medial ulnar collateral ligament
(UCL) is the primary stabilizer to valgus stress across the
elbow, and this ligament plays a critical role in the perfor-
mance of the overhead athlete.25,32 Although UCL rupture

was previously considered a career-ending injury in the
elite pitcher, surgical management with UCL reconstruc-
tion (UCLR) has allowed Major League Baseball (MLB)
pitchers to return to sport (RTS), with rates commonly
reported between 80% and 90%.9,13,21,26,28 Recent studies5,7

have noted an increasing rate of UCLR performed in MLB
pitchers annually, and up to 25% of MLB pitchers have a
history of the surgery.

The Orthopaedic Journal of Sports Medicine, 9(9), 23259671211035753
DOI: 10.1177/23259671211035753
ª The Author(s) 2021

1

This open-access article is published and distributed under the Creative Commons Attribution - NonCommercial - No Derivatives License (https://creativecommons.org/
licenses/by-nc-nd/4.0/), which permits the noncommercial use, distribution, and reproduction of the article in any medium, provided the original author and source are
credited. You may not alter, transform, or build upon this article without the permission of the Author(s). For article reuse guidelines, please visit SAGE’s website at
http://www.sagepub.com/journals-permissions.

https://doi.org/10.1177/23259671211035753
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


Although RTS rates have been well described, return to
prior performance (RTPP) has been less thoroughly stud-
ied. In the initial study by Conway and Jobe,8 an excellent
outcome required the athlete to return to the same level of
competition for >12 months. Subsequent articles13,26 have
attempted to use traditional statistics to quantify the effec-
tiveness of a pitcher returning from injury: hits (H), walks
(BB), strikeouts (K), hit by pitches (HBP), home runs (HR),
batting average against (BAA), innings pitched (IP), earned
run average (ERA), and walks and hits per inning pitched
(WHIP). Previous systematic reviews9,36 have indicated
that performance, when measured by traditional statistics,
may worsen postoperatively. However, traditional statis-
tics are influenced by team and situational factors and may
not provide the best measure of an individual player’s
performance.31

The introduction and subsequent proliferation of data
analytics have changed the game of baseball in the 21st

century.24 Proprietary analyses within organizations can
influence player contracts and team roster construction
while searching for competitive advantages.10,24 As a
result, newer statistical analyses have been developed to
measure the individual performance of a player (Table 1).
Fielding independent pitching (FIP) and expected fielding
independent pitching (xFIP) are measures that quantify a
pitcher’s independent ability to prevent runs, by utilizing
formulas that remove the role of the surrounding defense
(K, BB, HBP, and HR). Skill-interactive ERA (SIERA) adds
complexity by factoring in a pitcher’s ability to influence
certain types of contact from the batter. Wins above
replacement (WAR) quantifies the contribution of an indi-
vidual’s performance to the team relative to a replacement-
level player.14 Recent studies11,12,28 have begun to include
advanced analytics while reporting the outcomes of UCLR.

As technology continues to advance, more granular
assessments of performance are becoming possible. In
2015, MLB introduced StatCast, a spatiotemporal data-
tracking system that uses a standardized camera system
and radar technology to optically track player and ball
movement to measure and quantify game events.22 This
system allows for the measurement of various pitch deliv-
ery metrics to describe ball flight, including release exten-
sion, pitch velocity, perceived velocity, ball spin rate, and
horizontal and vertical pitch movement (Table 2). These
metrics are being increasingly analyzed as the concept of

TABLE 1
Advanced Analytics Available for Evaluating

Pitcher Performance14a

Metric Description

K/9 Strikeouts per 9 innings pitched
BB/9 Walks per 9 innings pitched
HR/9 Home runs allowed per 9 innings pitched
K% Percentage of batters faced resulting in a strikeout
BB% Percentage of batters faced resulting in a walk
GB% Percentage of a pitcher’s balls in play that are ground balls
FIP An estimate of a pitcher’s run prevention independent of

defense, luck, or sequencing
xFIP Similar to FIP but regressed to control for year-to-year

instability in individual home run rates
SIERA An ERA (earned run average) estimator that utilizes

similar inputs as FIP and xFIP but is adjusted for
ballpark, league run environment, and certain game
situations that are influenced by pitcher performance

WAR Summarizes a player’s performance as a contribution to
the team, expressed as wins relative to a freely
available replacement player

Value Dollar value of a player’s performance relative to WAR
and the free agent market

aBAA, batting average against; BB, walks; FIP, fielding inde-
pendent pitching; GB, ground balls; H, hits; HBP, hit by pitches;
HR, home runs; IP, innings pitched; K, strikeouts; SIERA, Skill-
interactive ERA; WAR, wins above replacement; xFIP, expected
fielding independent pitching.

TABLE 2
Pitch Delivery Metrics Measured by StatCast System1

Pitch Metric Description

Velocity Speed of the ball at pitch release as measured in
mph (miles per hour)

Spin rate The rate of spin as measured in rpm (revolutions
per minute)

Horizontal
movement

The horizontal movement of the pitch during ball
flight, as measured in inches

Vertical
movement

The vertical movement of the pitch during ball
flight, as measured in inches

Extension A measurement of how close a pitcher releases
the ball to home plate as measured in feet from
the pitching rubber to a pitcher’s release point.
A longer extension effectively shortens the
distance from the pitcher to the batter.

Perceived
velocity

Quantifies the apparent pitch speed, a product of
velocity and release extension, as experienced
by the hitter and measured in mph
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“pitch design” has become popularized within the game of
baseball and in the lay media.3,27 Although studies have
previously assessed biomechanics and pitch velocity after
UCLR, few studies15,19,26,28,29,38 have assessed these
metrics for successful pitching.

The purpose of this study was to describe the analytical
performance of MLB pitchers after returning from primary
UCLR, compare the velocity and pitch metrics against the
preoperative season, and determine if advanced analytics
or pitch metrics can predict a successful return to pitching.
We hypothesized that pitchers returning to the MLB level
would demonstrate (1) no difference in performance, as
measured by the advanced analytics K/9, BB/9, HR/9, K%,
BB%, FIP, xFIP, SIERA, WAR, and Value; (2) no difference
in pitch metrics, as measured by velocity, movement, spin
rate, extension, or perceived velocity; and (3) no difference
in preoperative advanced analytics when compared with
MLB pitchers who were unable to return to the MLB level.

METHODS

Study Cohort

A retrospective case-control study was performed of MLB
pitchers who underwent UCLR between January 1, 2015,
and December 31, 2019. This date range was selected to
capture the seasons in which StatCast data were available.
MLB pitchers who underwent UCLR were identified
through a publicly available database utilizing public
media reports and press releases.40 Similar to the Portney
et al study,38 pitchers were included who threw 100 pitches
in the year leading up to surgery (index year), and those
who returned to MLB with at least 100 pitches thrown in a
subsequent season were included in the RTPP analysis.
Pitchers who underwent revision surgery were excluded.
Outcome year 1 (OY1) was the first season upon returning
to the MLB level with �100 pitches thrown, and outcome
year 2 (OY2) was the second season upon returning to the
MLB level with �100 pitches thrown. Demographic infor-
mation was collected, such as height, weight, body mass
index, handedness, and position (starter vs reliever). Pitch-
ers were classified as starting pitchers for the analysis if
they were designated as the starter in �50% of the season’s
appearances. Pitchers who started in <50% of the season’s
appearances were considered relief pitchers.

Control Group

A 1:1 control group was constructed using a methodology
similar to that in Portney et al.38 A random-number gener-
ator was used to determine an index year between 2015 and
2019. The generator then selected a number between 1 and
30, corresponding to the 30 MLB teams. Using the histori-
cal rosters documented on www.baseball-reference.com, a
final random number was generated to select a control
pitcher from the list of players who made at least 1 pitching
appearance during the selected season. Control pitchers
were then cross-referenced from the publicly available
database to ensure that they had not previously undergone

UCLR. Similar to the case cohort, control pitchers who
threw 100 pitches in the index year were then included in
the RTPP analysis.

Performance Analytics

Performance data were collected from the statistical website
www.fangraphs.com. Season-ending advanced analytics (K/9,
BB/9, HR/9, GB%, FIP, xFIP, WAR, SIERA, and Value) were
collected for the 2015-2019 seasons for case and control
players. Total pitches thrown, IP, K%, and BB% were
recorded from the StatCast dashboard (http://
baseballsavant.mlb.com). FIP, xFIP, and SIERA are reported
on a scale similar to the traditional ERA statistic, while WAR
is measured in wins. Value is the amount of money that a
player’s production would be worth on the free agent market,
measured in millions of US dollars.14

Pitch Metrics

Using the StatCast dashboard, yearly pitch metrics were
recorded for all pitchers. Percentage of total pitches, veloc-
ity, spin rate, vertical movement, and horizontal movement
were collected for the following pitches: 4-seam fastball
(4SFB), curveball (CB), slider (Sld), cut fastball (Cut),
changeup (Ch), sinker (Snk), and split-finger fastball
(Split).1 Extension (Ext; the distance from the pitching rub-
ber to the release point), and perceived velocity (the appa-
rent speed of the pitch that the batter experiences as a
product of pitch velocity and Ext), were obtained on fast-
balls (4SFB, Cut, Snk) from StatCast.

Statistical Analysis

Samples were assessed for normality using the Shapiro-
Wilk test. For parametric variables, paired and indepen-
dent t tests were utilized to assess for within- and
between-group differences, respectively. For nonparamet-
ric samples, the Mann-Whitney U test and the Wilcoxon
signed-rank test were used. A 1-way analysis of variance
was performed for comparisons of characteristic data across
the returning players, nonreturners, and control group,
and a chi-square test was performed for categorical charac-
teristic data. All analyses were performed on SPSS Statis-
tics for Windows Version 24 (IBM Corp). A P value <.05
was established as the criterion for reaching statistical
significance.

RESULTS

Player Characteristics

Overall, 100 players who underwent UCLR were identified
during the study period. Twelve were excluded for throwing
<100 pitches in an index year when StatCast data were
available. Another 12 were excluded for having a history
of UCLR. Thirteen players had undergone UCL after June
2018, were not expected to return to pitching during the
study period, and were excluded from the RTS and RTPP
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analyses. Therefore, 63 players were identified for analysis.
A flow diagram of the study cohort is presented in Figure 1.

For the control group, 100 players without a history of
UCLR were identified. Two players were excluded because
they were traditionally position players but had made
unusual pitching appearances for their team. Another player
was excluded since he pitched ambidextrously and his pitch
movement recordings were thus atypical. This created a con-
trol group of 97 players for statistical analysis. Player char-
acteristics are presented in Table 3. There was a significant
difference in IP among the 3 cohorts (P ¼ .011). In follow-up

analysis, there was no difference in IP between the control
group and the returners (P¼ .104), nor was there a difference
between returners and nonreturners (P¼ .270). However, the
nonreturners threw fewer innings compared with the control
group (P ¼ .003).

Return to Play

At a mean of 521 days, 36 MLB pitchers (57.1%) returned
to the MLB after undergoing UCLR, while 27 (42.9%)
failed to return. Four players had returned to the MLB

Figure 1. Flow diagram of the study cohort (left) and control cohort (right). MLB, Major League Baseball; UCLR, ulnar collateral
ligament reconstruction.

TABLE 3
Player Characteristicsa

UCLR Returners (n ¼ 36) UCLR Nonreturners (n ¼ 27) Controls (n ¼ 97) P Value

Age, y 27.2 ± 2.6 (23.0-33.0) 26.6 ± 2.7 (22.0-33.0) 27.6 ± 3.6 (22.0-37.0) .548
Height, in 75.1 ± 2.3 (70.0-80.0) 75.0 ± 1.5 (71.0-78.0) 75.1 ± 2.1 (70.0-80.0) .950
Weight, lb 218.6 ± 22.4 (185.0-280.0) 217.5 ± 17.5 (175.0-250.0) 216.8 ± 18.4 (170.0-285.0) .915
Body mass index, kg/m2 27.28 ± 2.5 (22.8-33.2) 27.1 ± 1.9 (21.9-30.8) 27.0 ± 1.9 (21.2-34.7) .865
RHP:LHP, n 26:10 21:6 74:23 .853
SP:RP, n (SP%/RP%) 19:17 (52.8:47.2) 12:15 (44.4:55.6) 37:60 (38.1:61.9) .309
Years as a professional 8.1 ± 3.0 (4.0-15.0) 7.3 ± 2.4 (4.0-14.0) 8.6 ± 3.7 (3.0-19.0) .337
Innings pitched in index year 52.3 ± 44.4 (5.0-175.1) 37.8 ± 33.1 (4.6-129.0) 68.6 ± 54.8 (4.0–213.0) .011
Index year, n

2015 12 9 25
2016 10 6 14
2017 11 5 25
2018 5 12 22
2019 0 0 9

aData are reported as mean ± SD (range) unless otherwise indicated. Bold P value indicates statistically significant difference among
groups (P < .05). LHP, left-handed pitcher; RHP, right-handed pitcher; RP, relief pitcher; SP, starting pitcher; UCLR, ulnar collateral
ligament reconstruction.
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level but failed to record 100 pitches in any 1 year there-
after and were therefore classified as nonreturners in the
RTPP analysis (Figure 1). Fourteen starting pitchers
(74%) returned as starters, while 5 (26%) returned as relief
pitchers. The 17 relief pitchers in the study all (100%)
returned to the MLB level as relief pitchers. The 36 retur-
ners averaged 2 active seasons at the MLB level postoper-
atively (range, 1-4 seasons), and 31 returning pitchers
(86%) were still pitching in MLB at the conclusion of the
study period.

Pitchers returning from UCLR threw significantly
fewer pitches (mean ± SD, 607.8 ± 693.7 vs 882.1 ± 754.2;
P ¼ .012) and IP (34.7 ± 41.8 vs 52.3 ± 44.4; P ¼ .022) in
OY1 versus the index season, but these changes were not
significantly different from the yearly change in the con-
trol group for pitches (–274.4 ± 620.2 vs –151.4 ± 666.2;
P ¼ .115) and IP (–17.6 ± 40.9 vs –10.1 ± 40.3; P ¼ .186). In
OY2, the number of pitches thrown (1328.9 ± 862.0 vs
803.3 ± 684.0; P ¼ .018) and IP (77.9 ± 52.5 vs 47.9 ±
40.1; P¼ .025) were significantly greater than in the index
year, and this increase was significantly different from
that in the control group (pitches, 525.6 ± 836.1 vs –
354.7 ± 773.5 [P ¼ .003]; IP, 29.9 ± 52.1 vs –23.1 ± 47.7
[P ¼ .005]).

Performance Analytics

There were no significant differences in advanced analytics
for the returners in either OY1 or OY2 versus the index
year (Table 4). When compared with the year-to-year
changes in the control group, there was no significant dif-
ference on any performance metric.

Pitch Metrics

Velocity, Extension, and Perceived Velocity. The mean
preoperative 4SFB velocity of the returners was 93.0 ±
3.2 mph, and there was no significant difference in 4SFB
velocity between the index season and OY1 or OY2, or
between the returners and controls. There was no signif-
icant difference in the mean velocity for any pitch type
during the study period (Table 5). There was no significant
difference in extension or perceived velocity during the
study period.

Pitch Selection. Postoperatively, pitchers returning to
the MLB level did not demonstrate a significant change
in any pitch utilization. While neither an increase in
curveball utilization (P ¼ .057) nor a decrease in slider
utilization (P ¼ .058) was statistically significant when

TABLE 4
Advanced Analytics of UCLR Returners vs Controlsa

UCLR Returners Control

Index Year
OY1

(P Valueb)
OY2

(P Valueb)

DIndex to OY1
(P Valuec)

DIndex to OY2
(P Valuec) Index Year DIndex to OY1 DIndex to OY2

K% 23.3 ± 8.1 23.1 ± 6.7 22.2 ± 5.8 –0.2 ± 9.4 –0.9 ± 6.6 21.2 ± 5.4 –0.3 ± 6.2 –0.3 ± 6.5
(.880) (.582) (.987) (.777)

BB% 9.8 ± 4.8 9.9 ± 6.1 9.4 ± 2.9 0.1 ± 7.5 0.7 ± 3.6 9.0 ± 3.7 1.1 ± 3.8 1.5 ± 5.3
(.914) (.406) (.111) (.906)

K/9 8.9 ± 2.7 8.9 ± 2.5 8.7 ± 1.9 0.0 ± 3.3 –0.0 ± 2.0 8.2 ± 1.9 0.2 ± 2.5 0.3 ± 2.2
(.938) (.962) (.808) (.649)

BB/9 3.9 ± 2.2 4.1 ± 3.0 3.8 ± 1.3 0.2 ± 3.7 0.4 ± 1.7 3.6 ± 1.8 0.6 ± 2.0 1.0 ± 3.9
(.760) (.376) (.114) (�.999)

HR/9 1.2 ± 0.9 1.2 ± 1.0 1.2 ± 0.8 0.0 ± 1.3 –0.1 ± 1.2 1.5 ± 2.1 0.1 ± 1.3 0.4 ± 1.3
(.935) (.777) (.596) (.339)

GB% 43.0 ± 9.4 42.3 ± 9.5 41.6 ± 7.6 –0.7 ± 9.7 –3.0 ± 8.9 43.4 ± 8.1 –1.9 ± 7.2 –3.5 ± 6.0
(.667) (.178) (.477) (.789)

FIP 4.3 ± 1.8 4.5 ± 1.5 4.3 ± 1.5 0.1 ± 2.3 0.1 ± 2.0 4.5 ± 1.5 0.5 ± 1.9 0.9 ± 3.3
(.593) (.896) (.732) (.347)

xFIP 4.2 ± 1.4 4.5 ± 1.4 4.6 ± 1.1 0.3 ± 1.9 0.5 ± 1.1 4.4 ± 1.0 0.5 ± 1.3 0.8 ± 2.1
(.410) (.050) (.565) (.607)

WARd 0.6 ± 0.8 0.3 ± 0.7 1.0 ± 1.0 –0.3 ± 1.0 0.3 ± 1.1 0.7 ± 1.2 –0.1 ± 1.0 –0.2 ± 1.3
(.079) (.253) (.361) (.180)

SIERAd 4.1 ± 1.5 4.5 ± 1.4 4.4 ± 0.9 0.5 ± 1.9 0.5 ± 1.1 4.2 ± 1.0 0.5 ± 1.3 0.7 ± 1.4
(.168) (.092) (.910) (.980)

Valued 5.1 ± 6.1 2.7 ± 5.6 8.2 ± 8.2 –2.7 ± 8.0 2.6 ± 9.1 5.4 ± 9.4 –0.7 ± 7.8 –2.1 ± 10.6
(.072) (.266) (.371) (.147)

aData are reported as mean ± SD. BAA, batting average against; BB, walks; FIP, fielding independent pitching; H, hits; HBP, hit by
pitches; HR, home runs; IP, innings pitched; K, strikeouts; OY, outcome year; SIERA, skill-interactive ERA; UCLR, ulnar collateral ligament
reconstruction; WAR, wins above replacement; xFIP, expected fielding independent pitching.

bCompared with index year.
cCompared with corresponding D value of control group.
dPitchers who transitioned from starting pitcher to relief pitcher were removed from analysis owing to differences in calculation by position.
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compared with the index season, these changes were sig-
nificantly different from the yearly decrease in curveball
utilization (P ¼ .034) and increase in slider utilization

(P ¼ .012) seen in the control group. There was no signif-
icant change in fastball utilization throughout the study
period (Table 6).

TABLE 6
Pitch Selection of UCLR Returners vs Controlsa

UCLR Returners Controls

Index Year
OY1

(P Valueb)
OY2

(P Valueb)

DIndex to OY1
(P Valuec)

DIndex to OY2
(P Valuec) Index Year

DIndex to
OY1

DIndex to
OY2

4-Seam fastball 41.8 ± 22.1 43.7 ± 17.8 34.7 ± 19.5 0.9 ± 13.1 0.9 ± 19.7 39.1 ± 19.2 –1.3 ± 10.1 –3.9 ± 11.8
(.959) (.906) (.771) (.412)

Curveball 14.5 ± 9.3 17.0 ± 10.0 14.9 ± 7.8 2.4 ± 10.7 1.6 ± 5.8 15.2 ± 10.7 –1.0 ± 6.2 1.3 ± 5.2
(.057) (.382) (.034) (.623)

Slider 26.3 ± 13.4 24.2 ± 12.5 22.6 ± 16.3 –5.2 ± 10.2 –0.7 ± 7.7 20.1 ± 12.7 1.4 ± 7.2 2.5 ± 10.0
(.058) (.859) (.012) (.388)

Cutter 14.9 ± 10.4 12.0 ± 10.7 11.1 ± 8.6 –2.9 ± 6.0 –8.2 ± 14.0 16.6 ± 11.4 1.3 ± 8.0 5.2 ± 13.9
(.499) (.285) (.378) (.180)

Changeup 13.8 ± 9.7 13.2 ± 11.6 11.0 ± 10.0 0.9 ± 9.0 –2.5 ± 9.7 12.2 ± 9.4 0.1 ± 5.9 0.8 ± 7.3
(.609) (.650) (.807) (.491)

Sinker 22.2 ± 17.8 21.5 ± 17.3 25.0 ± 19.2 –3.3 ± 12.1 –5.0 ± 15.7 25.7 ± 19.7 –0.1 ± 9.6 –2.9 ± 14.9
(.326) (.140) (.460) (.297)

Splitter 1.80 14.5 14.2 ± 7.0 NA NA 16.9 ± 16.3 –1.2 ± 2.3 –5.5 ± 19.1
NA NA NA NA

aData are reported as percentage of total pitches thrown for the specified season (mean ± SD). Bold P values indicate statistically
significant difference among groups (P < .05). NA, not applicable; OY, outcome year; UCLR, ulnar collateral ligament reconstruction.

bCompared with index year.
cCompared with corresponding D value of control group.

TABLE 5
Pitch Velocity, Extension, and Perceived Velocity of UCLR Returners vs Controlsa

UCLR Returners Controls

Index Year
OY1

(P Valueb)
OY2

(P Valueb)

DIndex to OY1
(P Valuec)

DIndex to OY2
(P Valuec) Index Year

DIndex to
OY1

DIndex to
OY2

4-Seam fastball 93.0 ± 3.2 92.8 ± 2.6 92.3 ± 2.7 –0.4 ± 1.6 –0.1 ± 1.8 92.8 ± 2.3 –0.3 ± 1.0 –0.3 ± 1.2
(.201) (.698) (.960) (.596)

Curveball 78.0 ± 3.5 78.1 ± 3.3 77.3 ± 3.2 –0.0 ± 2.4 0.3 ± 2.5 78.3 ± 3.4 –0.2 ± 1.7 –0.2 ± 1.6
(.587) (.753) (.762) (.665)

Slider 84.1 ± 3.3 85.1 ± 3.0 83.7 ± 3.4 0.2 ± 2.3 –0.3 ± 3.8 84.2 ± 2.9 –0.3 ± 1.4 –0.4 ± 2.2
(.958) (.563) (.490) (.922)

Cutter 89.3 ± 2.4 88.9 ± 2.8 88.3 ± 1.9 0.0 ± 1.8 –1.7 ± 2.5 87.7 ± 3.0 –0.4 ± 1.1 –1.7 ± 1.0
(�.999) (.109) (.535) (.548)

Changeup 84.9 ± 2.9 85.3 ± 2.8 85.5 ± 2.9 0.4 ± 1.6 1.0 ± 2.2 84.4 ± 3.5 –0.1 ± 1.2 0.1 ± 2.0
(.258) (.133) (.075) (.106)

Sinker 92.8 ± 2.9 92.2 ± 3.1 92.1 ± 2.7 –0.6 ± 1.6 –0.2 ± 1.8 92.5 ± 2.3 –0.2 ± 1.4 –0.5 ± 1.4
(.081) (.552) (.186) (.658)

Splitter 88.1 82.4 84.6 ± 2.5 NA NA 84.4 ± 2.5 –0.4 ± 0.8 –0.3 ± 1.2
NA NA NA NA

Fastball extension 6.1 ± 0.5 6.1 ± 0.5 6.1 ± 0.4 –0.0 ± 0.2 0.0 ± 0.2 6.2 ± 0.4 –0.0 ± 0.1 –0.1 ± 0.2
(.078) (.316) (.742) (.338)

Fastball perceived velocity 92.5 ± 3.1 92.1 ± 2.5 91.9 ± 2.8 –0.3 ± 1.8 0.2 ± 1.4 92.1 ± 2.6 –0.4 ± 1.0 –0.4 ± 1.3
(.610) (.695) (.329) (.150)

aData are reported as mean ± SD in miles per hour except for fastball extension, which was measured in feet. NA, not applicable;
OY, outcome year; UCLR, ulnar collateral ligament reconstruction.

bCompared with index year.
cCompared with corresponding D value of control group.
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Spin Rate and Pitch Movement

The mean preoperative 4SFB spin rate was 2256 rpm, and
there was no significant difference in fastball spin rate
(4SFB, Cut, Snk) postoperatively (Table 7). The mean
curveball and slider spin rates were significantly higher
in OY1 (P ¼ .001 and P ¼ .010) and OY2 (P ¼ .041 and P ¼
.003) compared with the index season. The 115.9-rpm
increase in curveball spin rate from the index season to
OY1 was significantly higher than the yearly increase in
the uninjured control group (P ¼ .023).

Horizontal movement was significantly lower in OY1 for
4SFB (P ¼ .026), Ch (P ¼ .005), and Snk (P ¼ .019) when
compared with the index season, and CB horizontal move-
ment was significantly greater (P ¼ .007) (Table 8). Only
changeup horizontal movement returned to the index mea-
surements in OY2 (P ¼ .052). The changes in horizontal
movement profiles of Ch and Snk were statistically differ-
ent from the yearly changes in the uninjured control group
(P ¼ .024 and P ¼ .026). Vertical movement was signifi-
cantly greater in OY1 for 4SFB (P < .001) than in the index
season, and vertical movement of CB (P ¼ .031) and Snk
(P ¼ .010) was greater in OY2 versus the index season. The
change in vertical movement of 4SFB from the index season
to OY1 was greater than the yearly increase in the unin-
jured control group (P ¼ .005).

Returners Versus Nonreturners

MLB pitchers who failed to successfully return to MLB
competition did not differ from the returners or the control
group in age, height, weight, or body mass index (Table 3).
The nonreturners had a lower preoperative K% (P ¼ .047),

K/9 (P ¼ .046), WAR (P ¼ .026), and Value (P ¼ .030) when
compared with the pitchers who returned (Table 9).

DISCUSSION

Outcomes reporting has evolved in the orthopaedic litera-
ture as clinicians continue to develop new ways of measur-
ing the subjective and objective outcomes of injury and
subsequent surgical interventions.6 In sports medicine, tra-
ditionally reported RTS rates have now been supplemented
by RTPP rates as clinicians try to answer the postoperative
expectations of the athletic population. The UCLR litera-
ture has traditionally evaluated outcomes using the Con-
way criteria (same level of competition for 12 months),8 but
recent studies8,9,11-13,21,26,28,29 have shifted emphasis to not
only citing the competitive level of return (MLB vs minor
leagues) but also assessing the quality of sport performance
upon recovery from injury.

Defining successful performance in surgery and sport
remains elusive. In the literature, patient-reported out-
come measures have begun to supplement and sometimes
replace historical objective measures to better align out-
comes assessment with the concerns and expectations of
patients.43 However, the quest for a gold standard in out-
comes assessment remains. Similarly, there is no best
measure for assessing sport performance. To further com-
plicate this pursuit, sport performance tends to naturally
change with age and time. The development of advanced
analytics and game measurement systems has allowed for
improved understanding and quantification of athletic per-
formance. As a result, these metrics have become increas-
ingly discussed in the popular media and have become an
emphasis for skill training in elite pitchers.3,27 The purpose

TABLE 7
Pitch Spin Rates of UCLR Returners vs Controlsa

UCLR Returners Controls

Index Year
OY1

(P Valueb)
OY2

(P Valueb)

DIndex to OY1
(P Valuec)

DIndex to OY2
(P Valuec) Index Year

DIndex to
OY1

DIndex to
OY2

4-Seam fastball 2255.8 ± 152.9 2263.3 ± 147.4 2249.1 ± 96.9 2.4 ± 81.8 18.8 ± 91.9 2237.3 ± 154.5 4.0 ± 58.3 7.9 ± 68.8
(.980) (.795) (.675) (.858)

Curveball 2325.7 ± 303.2 2408.0 ± 272.6 2334.1 ± 208.1 115.9 ± 181.6 147.3 ± 243.9 2358.8 ± 282.9 43.0 ± 157.0 86.0 ± 154.8
(.001) (.041) (.023) (.523)

Slider 2206.0 ± 328.0 2336.4 ± 281.8 2365.0 ± 283.0 121.9 ± 233.9 248.0 ± 290.9 2237.0 ± 298.9 89.9 ± 168.7 151.2 ± 204.0
(.010) (.003) (.710) (.156)

Cutter 2298.0 ± 138.8 2301.1 ± 148.5 2373.2 ± 190.6 7.0 ± 151.5 28.3 ± 77.7 2339.9 ± 259.7 –24.4 ± 91.9 –33.0 ± 66.7
(.612) (.593) (.894) (.439)

Changeup 1829.4 ± 330.2 1777.8 ± 338.5 1813.4 ± 258.6 –24.6 ± 122.9 11.8 ± 228.6 1739.6 ± 205.3 –13.1 ± 114.6 24.1 ± 144.4
(.313) (.753) (.674) (.468)

Sinker 2201.1 ± 153.5 2194.1 ± 203.1 2197.8 ± 128.6 –20.8 ± 134.3 38.5 ± 94.2 2164.3 ± 155.5 19.9 ± 109.2 18.8 ± 144.5
(.647) (.315) (.435) (.594)

Splitter 1895.0 1093.0 1115.0 ± 135.8 NA NA 1609.3 ± 383.6 2.8 ± 58.3 18.0 ± 49.7
NA NA NA NA

aData are reported in revolutions per minute (mean ± SD). Bold P values indicate statistically significant difference among groups
(P < .05). NA, not applicable; OY, outcome year; UCLR, ulnar collateral ligament reconstruction.

bCompared with index year..
cPCompared with corresponding D value of control group.
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of this study was to advance our assessment of UCLR out-
comes to meet the evolving understanding of performance
within the sport of baseball.

Rate of Return

In this study, 57% of MLB pitchers who underwent primary
UCLR returned to MLB competition during the 2015-2019
seasons. This finding is lower than most previously
reported rates. Osbahr et al34 described 24 MLB pitchers
from 1994 to 2011 and found a 79% return to the MLB level
according to the Conway scale. Camp et al5 reviewed MLB
pitchers undergoing UCLR between 1974 and 2016 and
found an 80% return to the MLB level, but they used a lower
threshold—appearance in a single MLB game—to qualify for
successful return. Marshall et al28 noted an 82% return to
the MLB level, but the definition of return was unclear. The

lower RTS in this study may be explained by the inclusion
criterion requiring at least 100 pitches thrown in return at
the MLB level with a relatively short follow-up window, or
this may indicate a contemporary change in pitching career
longevity as the game of baseball evolves. However, there
are no current studies on pitching career length at the MLB
level to support this. Additionally, the lower RTS in this
study is similar to a 2019 study by Erickson et al12 reporting
that of professional pitchers who underwent UCLR between
2010 and 2015, between 61% and 68% (depending on graft
utilization) returned at the same level, although those
authors did not solely examine MLB-level players and did
not define the criteria for return. The results of the Erickson
et al study, as well as our findings, may lend additional
evidence that the rates of RTS at the MLB level after UCLR
may be lower in recent years than what had been historically
reported.

TABLE 8
Horizontal and Vertical Pitch Movement of UCLR Returners vs Controlsa

UCLR Returners Controls

Index Year
OY1

(P Valueb)
OY2

(P Valueb)

DIndex to OY1
(P Valuec)

DIndex to OY2
(P Valuec) Index Year

DIndex to
OY1

DIndex to
OY2

Horizontal Movement

4-Seam fastball 8.8 ± 3.7 7.5 ± 3.5 7.0 ± 3.6 –1.0 ± 2.4 –1.9 ± 3.5 8.3 ± 3.4 –0.3 ± 1.9 –0.8 ± 1.9
(.026) (.052) (.164) (.176)

Curveball 7.0 ± 3.6 8.4 ± 3.7 9.4 ± 4.1 1.6 ± 3.2 2.7 ± 3.1 8.7 ± 4.2 0.6 ± 1.7 0.9 ± 1.8
(.007) (.012) (.163) (.065)

Slider 4.4 ± 2.8 5.4 ± 3.1 6.6 ± 4.6 0.7 ± 2.2 1.5 ± 3.4 4.5 ± 4.4 0.8 ± 2.2 1.3 ± 2.8
(.126) (.158) (.924) (.738)

Cutter 2.7 ± 2.3 3.2 ± 2.1 4.0 ± 2.6 0.7 ± 2.7 2.5 ± 5.3 3.1 ± 2.3 –0.4 ± 1.4 –0.6 ± 0.9
(.310) (.593) (.097) (.453)

Changeup 14.7 ± 3.0 12.8 ± 3.7 13.1 ± 3.1 –1.3 ± 2.1 –0.6 ± 2.7 13.1 ± 3.0 0.0 ± 1.9 –0.3 ± 2.4
(.005) (.052) (.024) (.910)

Sinker 14.2 ± 2.3 13.5 ± 2.3 14.0 ± 2.1 –1.0 ± 1.8 –1.3 ± 1.9 14.6 ± 2.7 –0.1 ± 1.8 –0.2 ± 2.1
(.019) (.030) (.026) (.081)

Splitter 6.5 10.3 8.7 ± 0.7 NA NA 11.4 ± 6.0 –0.6 ± 0.8 –0.5 ± 3.5
NA NA NA NA

Vertical Movement

4-Seam fastball 15.9 ± 4.0 17.1 ± 3.6 17.2 ± 3.67 1.6 ± 2.2 1.0 ± 2.6 15.7 ± 2.9 0.5 ± 1.9 1.2 ± 1.8
(< .001) (.097) (.005) (.745)

Curveball 53.6 ± 7.9 54.2 ± 7.5 56.6 ± 6.9 1.4 ± 3.8 2.9 ± 4.0 53.6 ± 7.7 0.1 ± 4.6 1.7 ± 4.5
(.082) (.031) (.094) (.493)

Slider 36.8 ± 5.3 35.6 ± 5.9 38.6 ± 6.9 0.2 ± 2.5 3.6 ± 6.5 36.2 ± 6.1 1.0 ± 4.3 2.0 ± 6.0
(.751) (.071) (.381) (.656)

Cutter 23.2 ± 4.6 22.6 ± 5.9 28.1 ± 6.5 –1.5 ± 4.2 1.3 ± 2.5 26.8 ± 8.1 1.1 ± 4.0 4.8 ± 3.6
(.499) (.285) (.385) (.154)

Changeup 29.8 ± 4.6 29.0 ± 5.3 29.5 ± 5.4 0.3 ± 2.8 0.3 ± 4.0 30.0 ± 5.5 0.4 ± 3.1 0.5 ± 3.8
(.518) (.506) (.872) (.950)

Sinker 20.6 ± 4.2 21.9 ± 4.2 22.6 ± 4.8 1.3 ± 3.0 1.9 ± 2.1 20.7 ± 4.7 0.2 ±3.7 2.2 ± 3.2
(.087) (.010) (.736) (.725)

Splitter 23.2 41.6 35.7 ± 9.5 NA NA 35.0 ± 9.6 –0.4 ± 6.2 4.8 ± 2.7
NA NA NA NA

aData are reported in inches (mean ± SD). Bold P values indicate statistically significant difference among groups (P < .05). NA, not
applicable; OY, outcome year; UCLR, ulnar collateral ligament reconstruction.

bCompared with index year.
cCompared with corresponding D value of control group.
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RTPP After UCLR: Hypotheses 1 and 2

In the current study, the 36 pitchers who successfully
returned to MLB competition demonstrated changes in
pitch movement profiles and spin rates postoperatively, but
there was no significant difference in pitch velocity or indi-
vidual advanced analytics. In the first year back to MLB
competition, pitchers threw fewer innings and total pitches.

Advanced analytics have allowed media, fans, and base-
ball executives to better assess individual player perfor-
mance, and these measures have slowly made way into
the academic literature.10-12,24,28 We found no major
changes in individual advanced analytics from the preoper-
ative season to the first season after returning to MLB.
Pitchers who returned to MLB competition maintained their
performance levels from the preoperative season. Previous
studies found WAR to decrease postoperatively, but these
studies excluded statistics from 1 year before the sur-
gery.12,23 Therefore, these studies may not be comparable.
However, a trend of decreased performance in OY1 that sub-
sequently improves in OY2 has been demonstrated in stud-
ies using traditional statistics.29 Although there is currently
limited comparability of these advanced analytics in the lit-
erature, we agree with previous calls for granular, individ-
ualized measurements of sport performance and recommend
that future studies continue to report these assessments in
the elite athlete population.16,39

We found no difference in velocity for any pitch postop-
eratively in the pitchers who returned to the MLB level,
and pitch velocity was maintained in the second postoper-
ative season. There have been conflicting reports23,26 about
the effect of UCLR on postoperative velocity. Multiple stud-
ies have described a decrease in velocity, but more recent
literature28,29 has demonstrated maintained velocity,
which is consistent with this study. These contemporary

findings may indicate organizational selection of pitchers
with maintained velocity to return to the MLB level, as
there is an increased emphasis on velocity in the modern
game.42 Changes in pitching extension alter the perceived
velocity to the hitter by either shortening or lengthening
the ball flight distance. Portney et al38 noted a biomechan-
ical change—medialization of the horizontal release
point—in MLB pitchers after undergoing UCLR. We con-
sidered that this medialization may indicate a relative loss
of extension and possible decrease in perceived velocity, but
this was not supported by our study findings. This feature
of pitching has never been evaluated in the orthopaedic
literature.

MLB pitchers returning from UCLR in this study threw
the same percentage of fastballs in the first postoperative
year, but they demonstrated a relative increase in curveball
utilization and decreased slider utilization when compared
with the control group. This finding suggests that the pitch-
ers recovering from UCLR did not mirror the league-wide
trend of increased slider utilization. Since the objective
pitch metrics of velocity, spin rate, and movement were
either improved or unchanged during this period, other
factors may be responsible for this change in slider utiliza-
tion, such as individual philosophy, game situation, and
team strategy. The trend in curveball utilization is consis-
tent with the findings of Peterson et al,37 but studies23,38

have noted conflicting results on fastball utilization postop-
eratively. This may indicate changing preferences for fast-
ball utilization in the MLB over recent seasons. However,
comparison of rates among studies is limited because of the
increased granularity of pitch classification (4SFB, Cut,
Snk, Split) provided by the StatCast system.

The results of this study demonstrated multiple changes
to pitch movement and spin rate metrics postoperatively.
MLB pitchers successfully returning to prior level had
decreased horizontal movement of 4-seam fastballs, chan-
geups, and sinkers, with increased horizontal movement on
curveballs. Vertical movement of 4-seam fastballs, curve-
balls, and sinkers also increased postoperatively.
Decreased horizontal movement in 4-seam fastballs was
additionally shown in a study by Portney et al,38 but the
remainder of the findings may diverge owing to differences
in pitch-tracking systems among the studies. There is a
paucity of data on pitch movement after UCLR for further
comparison. However, we found that although pitchers
may maintain statistical performance upon return to the
MLB level, the characteristics of their pitches are different
postoperatively.

The changes in pitch movement seen in this study are not
fully explained by changes in spin rate. An increased spin
rate has been shown to decrease a hitter’s ability to make
optimal ball-bat contact, and it has garnered increasing
interest in today’s game.18,41 However, pitch movement
depends on velocity, spin rate, spin axis, and effective
spin.17,33 Spin axis is influenced by hand position at pitch
release, and these data are not in the current StatCast
dashboard.20 We believe that pitchers recovering from
UCLR may have developed subtle mechanical changes at
ball release that influence spin axis and spin efficiency, and
these changes may be responsible for the changes in pitch

TABLE 9
Comparison of Index Year Performance Data

Between Returners and Nonreturnersa

UCLR Returners
(n ¼ 36)

UCLR Nonreturners
(n ¼ 27) P Value

K% 23.3 ± 8.1 19.6 ± 5.7 .047
BB% 9.8 ± 4.8 8.6 ± 3.0 .268
K/9 8.9 ± 2.7 7.6 ± 1.8 .046
BB/9 3.9 ± 2.2 3.5 ± 1.3 .479
HR/9 1.2 ± 0.9 1.3 ± 0.9 .647
GB% 43.0 ± 9.4 44.1 ± 6.5 .610
FIP 4.3 ± 1.8 4.6 ± 1.6 .279
xFIP 4.2 ± 1.4 4.5 ± 0.8 .159
WAR 0.6 ± 0.8 0.2 ± 0.7 .026
SIERA 4.1 ± 1.5 4.3 ± 0.8 .321
Value 5.1 ± 6.1 2.1 ± 5.3 .030

aData are reported as mean ± SD. Bold P values indicate sta-
tistically significant differences between groups (P < .05). BB,
walks; FIP, fielding independent pitching; GB, ground ball; HR,
home runs; K, strikeouts; SIERA, skill-interactive ERA; UCLR,
ulnar collateral ligament reconstruction; WAR, wins above
replacement; xFIP, expected fielding independent pitching.
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movement after returning from surgery. This is the first
study in the orthopaedic literature to report on pitch spin
rates after UCLR, and future studies should consider uti-
lizing additional technology to obtain further information
on changes in spin axis and hand position when evaluating
postoperative pitching mechanics.

Comparison of Preoperative Analytics Between
Successful Returners and Nonreturners: Hypothesis 3

We found that the 27 MLB pitchers who did not success-
fully return to MLB competition had significantly lower
preoperative K%, K/9, WAR, and Value as compared with
the players who subsequently returned to the MLB level.
This may indicate that pitchers who are less valuable to
MLB teams preoperatively are at elevated risk of failure
to return to the prior level. It may also provide evidence
of an elevated value of the strikeout in the modern game,
since the nonreturners had lower strikeout analytics pre-
operatively when compared with the successful returners.2

Although we did not collect salary data on the players, the
returners had higher strikeout productivity and more valu-
able performance preoperatively, and they may have expe-
rienced a greater investment from their organizations in
ensuring a return to the MLB level. To our knowledge, this
is the first study to report the MLB performance statistics
of a cohort who did not successfully RTPP level.

Limitations

This study is not without limitations. Although similar to
recent literature,12 a smaller window of data (2015-2019)
was utilized than in prior studies.23,28,37,38 It is possible
that a longer follow-up will change the rates of RTS or prior
performance. However, this date range was selected to
maximize the collection of StatCast data from its inception
in 2015, and the delayed start to the 2020 season may affect
the analysis of future studies. Regardless, it is possible that
this study was underpowered to find differences in many
advanced analytics.

Additionally, surgical information and outcomes were
obtained through publicly available resources, as we did
not have access to operative reports or medical records.
Given the reliance on public data, players may have been
erroneously included or excluded from our series. This also
limits the ability for more granular analysis of injury and
surgical details, as a previous study28 has shown differ-
ences in pre- and postoperative performance based on tear
location. In addition, we were unable to review medical
records for onset of UCL symptoms. Therefore, it was not
possible to determine how chronic symptoms may have
affected preoperative performance or the subsequent abil-
ity to return to the MLB level. However, many pitchers
experience elbow symptoms over the course of a season, and
the impact of shoulder and elbow symptoms on perfor-
mance, especially at the MLB level, is not well understood
at this time.4,30 It is additionally possible that minor league
statistics may elucidate the performance trends of pitchers
attempting to return from UCLR. However, we chose to

exclude minor league performance statistics, as StatCast
data are not available for this population. Furthermore,
this MLB patient population was competing at the highest
level of the sport before injury, and a return to minor league
competition would have been below the prior level of per-
formance. Since the nonreturner cohort did not return to
the MLB level, we were unable to assess how these players’
pitch movement profile and spin rate changed postopera-
tively. Therefore, it remains unclear if these factors
affected the athletes’ ability to return to their prior levels
of performance.

Finally, there is no “best measure” to assess performance
upon return from pitching injury. By utilizing new pitching
concepts, we sought in this study to evolve the sports med-
icine literature to keep pace with the evolution of perfor-
mance assessment within the game of baseball. Although
pitch velocity, extension, perceived velocity, and spin rate
have been shown to have an acceptable coefficient of vari-
ability, future studies should continue to assess and vali-
date new statistical measures of performance.35

CONCLUSION

MLB pitchers who undergo UCLR may return to the pro-
fessional level at lower rates than historically reported and
may demonstrate changes in pitch movement profiles and
spin rates postoperatively. In the pitchers who successfully
returned to MLB competition, there were no differences in
velocity or many advanced analytical statistics upon
returning from surgery. However, they threw fewer pitches
and innings in the returning season. Pitchers who failed to
return to the MLB level had lower WAR and Value as well
as decreased preoperative strikeout metrics compared with
players who returned. Spin rate is an important factor in
assessing pitching effectiveness that should be further
studied in the pitching literature. Future studies should
utilize new technologies that elucidate the granular details
of sport science, as well as advanced analytical statistics, to
fully assess return to performance in elite athletes.
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