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More Elevated Fastballs Associated With Placement
on the Injured List due to Shoulder Injury
Austin V. Stone, M.D., Ph.D., Brooks N. Platt, M.D., Brandon S. Collofello, M.D.,
Aaron D. Sciascia, Ph.D., Timothy L. Uhl, Ph.D., and William B. Kibler, M.D.
Purpose: To evaluate whether impending shoulder injury was associated with changes in pitch location or velocity
immediately preceding injury. Methods: Pitchers placed on the injured list (IL) due to a shoulder injury between 2015
and 2020 were identified in the Major League Baseball transactions database. Four-seam fastball velocity and frequency of
pitch location for each pitch type was collected for each player in the season before placement on the IL and within 1
month of placement on the IL with a minimum of 55 pitches thrown of 1 type. Pitch locations were collected as identified
by Baseball Savant’s Game-Day Zones. Game-Day Zones were consolidated into high (above the strike zone midpoint)
versus low, arm side (closer to the pitcher’s arm side of the plate) versus opposite side, and within the strike zone versus
out of zone. Repeated measures analysis of variance determined differences in four-seam velocity and the location dis-
tribution of 4-seam fastballs, change-ups, and breaking balls among each group. Results: In total, 267 pitchers were
placed on the IL for a shoulder injury with the majority diagnosed with inflammation (89/267) followed by strain or
sprain (69/267). Four-seam fastball locations significantly increased above the mid-point of the zone (45.9% vs 42.4%,
P ¼ .008) and out of the strike zone (48.5% vs 46.5%, P ¼ .011) within a month before IL placement. There was no
significant change in 4-seam fastball velocity immediately before IL placement. Conclusions: Pitchers threw more
elevated 4-seam fastballs and out-of-zone 4-seam fastballs in the month before IL placement for shoulder injury. These
findings suggest that a loss of 4-seam fastball command decreases with impending shoulder injury. Level of Evi-
dence: IV, prognostic case series.
espite decades of advanced analytics changing the
Dway baseball is played, injury rates remain high
among professional pitchers. The most commonly
injured joint in baseball is the shoulder, which
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Arthroscopy, Sports Medicine, and Rehabilitation
comprised 17% of all injuries from 2011 to 2016.1 More
than 75% of those shoulder injuries occurred in
pitchers.1 While multiple risk factors have been iden-
tified for upper-extremity injury in pitchers, particu-
larly to the ulnar collateral ligament,2-9 risk factors for
shoulder injury are not well documented5 despite their
frequency.
Studies show a strong correlation between shoulder

position kinematics in the pitching motion, control over
pitch location (command),10 and upper-extremity
injury.11-13 Alterations in these overhead kinematics
are thought to increase injury risk. Investigations of risk
for upper-extremity injury pertaining to shoulder
positioning were performed in biomechanical studies.14

Glenohumeral internal rotational deficit,11 loss of
shoulder rotational range of motion, and excessive
glenohumeral horizontal abduction12 have been
demonstrated to be risk factors for upper extremity
injury in baseball players.13 Alterations in kinematics
leading to injury have also been shown to occur in
tennis players.15,16 In addition, performance parame-
ters such as loss of command (alteration in pitch loca-
tion) and decrease in pitch velocity have been thought
to be early indicators of shoulder injury in pitchers17
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Fig 1. Game-Day Zones as defined by Statcast and Baseball
Savant. The strike zone is presented as seen from the catcher’s
point of view. Zones 1-9 are within the regulation strike zone,
zones 11-14 are outside of what would be considered a called
strike.24

Pitchers placed on IL for 
shoulder injury 2015-2020
(N=267)

Pitchers who threw at 
least 55 four-seam 
fastballs year prior to 
injury and one-month 
prior to IL placement 
(n=109)

Pitchers who threw at 
least 55 sliders or 
curveballs year prior to 
injury and one-month 
prior to IL placement 
(n=55)

Pitchers who threw at 
least 55 change-ups year 
prior to injury and one-
month prior to IL 
placement (n=44)

Fig 2. Inclusion diagram for pitchers included in case series
design. (IL, injured list.)
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and have been shown to be indicators of injury in
tennis players.15,16 Glanzer et al.10 identified that
reducing the variability in shoulder position is associ-
ated with improved pitch location. The authors found
significant predictors for pitch location include shoulder
abduction and horizontal abduction at time of foot
contact as well as shoulder external rotation and hori-
zontal adduction at point of maximum shoulder
external rotation.10 The authors concluded that de-
creases in variability in shoulder positioning at key
points during the pitching motion may improve pitch
accuracy.10 Other studies found that the most common
errors in pitch accuracy were associated with shoulder
fatigue18 and were in the vertical direction.19

Pitch location is a critical component of success for a
pitcher. The details of pitch placement have led to sig-
nificant changes in strategy for pitchers in recent years
based on advanced analytics, such as increasingly
elevated 4-seam fastballs, increasing perceived velocity,
and decreasing average exit velocity.20 Advanced pitch
tracking technology is now available publicly via
Baseball Savant, which uses Major League Baseball
(MLB)’s Statcast data using multiple high-speed cam-
eras and radar systems to report ball tracking metrics.21

The system is implemented by the MLB via Washington
State University and carries specifications of spatial
resolution of 0.03 inches/pixel, exposure times of 50 ms,
with motion blur <0.080 inches.22

The purpose of this study was to evaluate whether
impending shoulder injury was associated with changes
in pitch location or velocity immediately preceding
injury. We hypothesized that pitchers would demon-
strate changes in pitch location, specifically increases in
pitches thrown high, toward the pitcher’s arm-side, and
out of the zone, between 1 year and 1 month before
placement on the injured list (IL) for diagnosed shoul-
der injury.

Methods
The study was undertaken with a retrospective case

series design. Shoulder injuries were first identified
using transaction reports from mlb.com.23 Shoulder
injuries from 2015 to 2020 were included for all
pitchers who were placed on the IL with a chief
complaint including the word “shoulder” on his
throwing side. Placement on the IL requires a medical
diagnosis after a physician’s determination that the
player is unable to play.24 The reason for being placed
on the IL and the date of placement on the IL was
collected from MLB transaction reports23 for each
pitcher.
For each pitcher, the number of pitches recorded in

each Game Day Zone (Fig 1)24 was recorded from
Baseball Savant21 for 1 month before placement on the
IL (Injury time frame) and for the season preceding
placement on the IL (Baseline time frame). The hori-
zontal axis was reversed for left-handed pitchers such
that the arm side of all pitchers were collected in zones
1-3, 11, and 13, as seen in Figure 1. Pitches collected
included the 4-seam fastball, slider, curveball, and
change-up. Average 4-seam fastball velocity also was
collected in each time frame. The curveball and slider
data were pooled into one breaking ball category based
on biomechanical similarity.25 The proportions of
pitches in each Game Day Zones were calculated for
each pitch type for those who qualified (Fig 2).
A minimum of 55 pitches of each pitch type was used

for inclusion based on an estimate of the stabilization
rate of pitch location distribution which was calculated
using the known stabilization rates of common baseball



Table 1. Shoulder Injury Demographics

Injury Number (%)

Inflammation 89 (33)
Strain/sprain 69 (26)
Impingement 25 (9.4)
Tendinitis 22 (8.2)
Soreness 18 (6.7)
Fatigue ( 12 (4.5)
Surgery 6 (2.2)
Tightness 6 (2.2)
Discomfort 6 (2.2)
Bursitis (%) 4 (1.5)
Torn labrum 1 (0.4)
Scapular stress injury 1 (0.4)
Thoracic outlet syndrome 1 (0.4)
Contusion 1 (0.4)
Subluxation 1 (0.4)
Stiffness 1 (0.4)
N/a 4 (1.5)

N/a, not available.

Table 2. Four-Seam Fastball Results, n ¼ 109; There Were
Significantly Increases in High Four-Seam Fastballs and Four-
Seam Fastballs Thrown Outside of the Zone

Metric Baseline Injury P Value

Velocity, mph (SD) 93.7 (2.4) 93.2 (2.5) .190
High location, % (SD) 42.4 (9.0) 45.9 (10.4) .008
Arm-side location, % (SD) 38.0 (8.4) 37.3 (10.3) .613
Out of zone, % (SD) 46.5 (5.2) 48.5 (6.3) .011

SD, standard deviation.
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metrics such as strikeout rate and walk rate.26 The
evaluation of pitch command relied on the new ability
to assess individual pitch placement rather than plate
appearance outcomes such as walk rate or strikeout
rate. The number of pitches was selected based on the
following factors. The stabilization rates of such statis-
tics are intrinsically related to their frequency of
occurrence in which walk rates, around 8% in the
present era,27 stabilize after 170 batters faced and
strikeout rates, approximately 20% in the present era,26

and stabilize after 70 batters faced.26 Collecting indi-
vidual pitch locations multiplies the data available for
collection per batter. While determining strikeout inci-
dence takes an average of 5 pitches28 for each data
point, the evaluation of each pitch individual allows for
the collection of 5 data points for the same plate
appearance, thus enabling a more detailed look at the
command of a pitcher and allowing for small but sig-
nificant differences to be detected.

Statistical Analysis
Game Day Zones were consolidated into comparisons

of high (Zones 1, 2, 3, 11, and 12) versus low (Zones 7,
8, 9, 13, and 14), arm-side (Zones 1, 4, 7, 11, and 13)
versus opposite-side (Zones 3, 7, 9, 12, and 14), and in
zone (Zones 1-9) versus out of zone (Zones 11-14).
Repeated measures analysis of variance (ANOVA) was
performed to determine significant differences between
baseline and injury time frames in pitch location and 4-
seam fastball velocity. The linear model using time-
frame as the sole independent variable was compared
to an analysis of covariance model (ANCOVA)
including age, position (starter vs reliever), and total
pitches thrown in the month preceding injury and the
season preceding injury as covariates with an ANOVA
to determine if the covariates had a significant
confounding effect. Normality was assessed visually
using QQ plots and density plots, which revealed each
variable distribution to be approximately normal.29 The
assumption of sphericity was checked using Mauchly’s
test of sphericity. To control for potential league-wide
strategic changes in more recent seasons regarding
throwing elevated 4-seam fastballs, a repeated-
measures ANCOVA was performed for the high
versus low 4-seam fastball analysis, which included
year of season as a covariate. R software, version 4.0.2
(R Foundation for Statistical Computing, Vienna,
Austria) was used for data analysis.30 Significance was
set at P < .05.
Results
A total of 267 pitcher injury list placements due to a

shoulder diagnosis were identified from 2015 to 2020.
The most common reason for being placed on the IL
was inflammation (33.3%) followed by strain/sprain
(25.8%), impingement (9.4%), and tendinitis (8.2%).
Additional reasons for IL placement included soreness,
fatigue, surgery, tightness, discomfort, bursitis, torn
labrum, scapular stress injury, thoracic outlet syn-
drome, contusion, subluxation, and stiffness. Four
players (1.5%) did not have a reason for being placed
on the IL more specific than shoulder injury (Table 1).
Of the 155 players with a minimum amount of data for
analysis in at least 1 pitch, the vast majority (n ¼ 148,
95.5%) were 10- to 15-day IL stints, and the minority
(n ¼ 7, 4.5%) were 60-day IL placements.
There was no significant difference in 4-seam fastball

velocity or proportion of arm-side 4-seam fastballs
thrown 1 month before injury (Table 2). There were
significantly more elevated 4-seam fastballs thrown 1
month before being placed on the IL for a shoulder
injury compared with baseline (45.9% vs 42.4%, P ¼
.008, Table 2, Fig 3). There was also a significantly
greater proportion of 4-seam fastballs thrown out of the
strike zone 1 month before placement on the IL (48.5%
vs 46.5%, P ¼ .011, Table 2, Fig 3). The ANCOVA with
age, position, and total pitches thrown was shown to be
insignificantly different from the ANOVA models for
elevated four-seam fastballs and four-seam fastballs out
of the strike zone (P ¼ .514 and P ¼ .668, respectively).
There were no significant differences in location of



Fig 3. Four-seam fastball location changes. (Injury % e
Baseline %), Blue denotes an increase in frequency, white
denotes a decrease in frequency, and the strike zone is rep-
resented by the green box. Pitches in the high zones (Game-
Day Zones 1-3, 11, 12; P ¼ .008) and out of the strike zone
(Zones 11, 12, 13, 14; P ¼ .011) were more frequent.

Table 4. Change-Up Results, n ¼ 44; No Significant
Differences Were Found in Change-Up Location at Baseline
and Immediately Preceding Injury

Metric Baseline Injury P Value

High location, % (SD) 17.2 (7.7) 16.5 (8.4) 0.729
Arm-side location, % (SD) 62.5 (10.4) 60.8 (12.9) 0.488
Out of zone, % (SD) 59.0 (8.2) 58.3(9.2) 0.718

SD, standard deviation.
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breaking balls or change-ups 1 month prior to place-
ment on the IL (Tables 3 and 4).
InanANCOVA, season-yearwas found tobe significantly

associatedwith increasedhigh 4-seam fastballs (þ2.2%per
year, P< .001); however, being in the time frame 1month
before IL placement was found to be independently asso-
ciated with a significant increase in high 4-seam fastballs
(þ3.7% in the injury time frame, P ¼ .006).

Discussion
The principal finding of this study is that pitch loca-

tion changed in elevated 4-seam fastballs and fastballs
thrown out of the strike zone before pitcher’s place-
ment on the injury list for a shoulder injury. Age, total
pitches thrown, and position (starter vs reliever) were
not found to be significant confounders in this anal-
ysis. The increased frequency of elevated 4-seam
fastballs occurred independently of the season. Inter-
estingly, 4-seam fastball velocity did not change
compared with baseline one-month prior to IL
placement.
Table 3. Breaking Ball Results, n ¼ 55; No Significant
Differences Were Found in Breaking Ball Location at Baseline
and Immediately Preceding Injury

Metric Baseline Injury P Value

High location, % (SD) 17.6 (6.7) 16.3 (7.2) .555
Arm-side location, % (SD) 26.1 (11.6) 24.7 (11.0) .670
Out of zone, % (SD) 57.0 (9.7) 57.9 (9.0) .485

SD, standard deviation.
This study adds to the current literature in several
important ways. It adds credence to the anecdotal
perception that loss of control may indicate early stages
of throwing injury.17 As pitching command issues have
been a portion of recording the subjective history of
present illness from pitchers, these data supply objective
confirmation of the notion that command is one of the
performance changes associated with injury. While the
absolute difference recorded was small, the ability to
record the location of individual pitches along with the
frequency of use of the four-seam fastball allowed for a
detection of a statistically significant difference which
corresponds with the subjective perception of pitchers
and coaches.17 As such, inquiring about loss of com-
mand or velocity are recommended portions of the
history to collect when evaluating a potentially injured
pitcher.17 It is important to note that high 4-seam fast-
balls increased immediately preceding injury even after
considering the season year as elevated 4-seam fastballs
have increased in frequency in recent years.20 This
suggests that the increase in elevated 4-seam fastballs
was not a conscious effort by the pitcher. This is further
supported by an increase in 4-seam fastballs thrown
outside of the strike zone.
This descriptive study cannot provide information

regarding the exact relationship between a shoulder
injury and the change in pitch location. The command
changes may be explained by early shoulder injury
leading to altered kinematics in the pitching motion, or
the altered kinematics may increase risk for future
injury and result in the altered pitch location and
command. Another consideration is the loss of propri-
oception that occurs with fatigue due to exercise.31-34

As positioning of the shoulder has been shown to be
critical to command, particularly in the 4-seam fastball,
this rationale is consistent with recent biomechanical
evaluations of pitching.10

A concept that links these 2 possible mechanisms is
that of the launch window,19 a finite time and arm
position at which ball release results in optimum ball
speed and pitch accuracy. Errors in pitch accuracy were
found to be almost always errors in vertical accuracy
and were attributed to occur from either release errors
(timing of ball release from the fingers) or from alter-
ations of arm path (altered kinematics in the body
segments proximal to the hand).15,16 Relating this
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concept to the findings of this study, the altered per-
formance variable, pitch location, which was in the
vertical direction in confirmation of the expectation
from the original launch window study, would result
from the altered launch window created by the arm
path error, which could result from either the injury
producing the altered kinematics or the altered kine-
matics producing the injury. The clinical implications
are that pitch location should be monitored closely, and
if documented, comprehensive evaluation for all kinetic
chain sources of altered kinematics, especially scapular
and shoulder motion, should be performed.
Our results are consistent with biomechanical in-

vestigations of other overhead throwing athletes such as
tennis players. Martin et al.15 showed significant differ-
ences in the kinetics and energy transfer efficiency in the
tennis serves of players who went on to develop upper-
extremity injury 2 years following motion capture
compared to those without. The authors concluded that
maximizing performance and minimizing injury risk
were not mutually exclusive as players who did not
develop upper-extremity injury had the more efficient
proximodistal kinetic energy transfer and higher serve
velocity compared to those who developed injury.15

Similarly, Martin et al.16 showed that more efficient
serve kinetics were associated with not only greater
performance level attained on average by tennis players
but also decreased shoulder inferior force, anterior force,
and abduction torque.16 These findings further suggest
that maximizing kinetic energy transfer and body kine-
matics improves performance while decreasing risk for
injury. These results in high-level tennis athletes suggest
that a change in kinematics led toupper extremity injury.
A commonunderlyingmechanismbetweenprior studies
and the current study may be that loss of proper kine-
matics leads to the injury rather than the injury preced-
ing poor kinematics. This theory is supported by the
established association between muscular fatigue and
loss of proprioception.31 While we cannot definitively
demonstrate that early shoulder injury led to kinematic
change ultimately leading to loss of command, our data
suggest that loss of 4-seam fastball command may be an
early indicator of either altered body kinematics or
impending shoulder injury. Pitch location should be
closely monitored, and if alterations are found, then an
all-kinetic chain sources of altered kinematics should be
evaluated, especially scapular and shoulder motion,
A second contribution our analysis makes to the cur-

rent understanding of early shoulder injuries in over-
head throwing athletes is the lack of statistically
significant changes in 4-seam fastball velocity immedi-
ately before IL placement among the 109 pitchers
included. While velocity changes remain an important
part of the history of overhead throwing complaints,17

our analysis suggests that velocity decreases are not a
sensitive component of injury evaluation. There are
multiple methods of proximal kinetic chain compensa-
tions to maintain arm velocity35,36; however, these
compensations may not result in optimal arm path
motion and kinematics. Suboptimal arm path motion
and kinematics increase distal loads,35,36 alter the opti-
mum launch window, and result in pitch location er-
rors. Also, pitch location errors were found to be
associated with shoulder alterations.18 Similar
compensatory findings also are found in tennis players
with a history of shoulder problems who try to preserve
shoulder integrity during the serve and compete by
altering their humerothoracic and scapulothoracic ori-
entations.37 In other words, maintenance of average
pitch velocity does not preclude the presence of altered
kinematics or shoulder injury.

Limitations
The present manuscript carries several limitations. The

specific population of MLB pitchers is not necessarily
generalizable to all baseball pitchers or overhead
throwing athletes. Publicly accessible databases limit the
resolution of reported shoulder injuries, so the experi-
mental group injuries are heterogeneous. In addition,
the study design did not allow the determination of
specific injuries or specific alterations in kinematics that
may have been associated with injury or the altered
pitch location. More so, the case series design cannot
offer information on the specificity of location changes
in identifying shoulder injury. In other words, more
factors may lead to pitching location changes than
shoulder injury that were not included in the analysis.

Conclusions
Pitchers threw more elevated 4-seam fastballs and

out-of-zone 4-seam fastballs in the month before IL
placement for shoulder injury. These findings suggest
that a loss of 4-seam fastball command decreases with
impending shoulder injury.
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