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ARTICLE INFO Background: Risk profiling and education are strategies implemented to help reduce injury risk;
however, currently. there is little evidence on the effect of these interventions on injury incidence. The

Keywords: purpose of this study was to evaluate the influence of risk profiling and education on upper extremity

Shoulder injury incidence in minor league (MiLB) pitchers and to stratify by injury severity.

El_bow_ L Methods: A prospective natural experiment study was conducted from 2013 to 2019 on MiLB pitchers.

g;ssl;g;lnganon Beginning in the 2015 season, pitchers were examined and risk profiled for upper extremity injury.

Shoulder external, internal, total range of motion, horizontal adduction, and humeral torsion were
measured. Organizational risk profiling and education was implemented starting in 2015, based on pre-
season assessments. Chi-squared test was performed to investigate potential differences between shoulder
Level of evidence: Level II; Prospective range of motion risk categories between 2013-2014 (pre) and 2015-2019 (post) seasons. Interrupted time
Cohort Study series analyses were performed to assess the association between organizational risk profiling and edu-
cation on arm injury in MiLB pitchers and were repeated for 7-27 and 28+ day injury severity.
Results: 297 pitchers were included (pre: 119, post: 178). Upper extremity injury incidence was 1.5 injuries
per 1000 athletic exposures. Pitchers in the 2015-2019 seasons demonstrated increased preseason shoulder
injury risk for internal (P = .003) and external (P = .007), while the 2013-2014 seasons demonstrated
greater horizontal adduction risk (P = .04). There were no differences between seasons for total range of
motion risk (P =76). Risk profiling and education resulted in an adjusted time loss upper extremity injury
reduction for the 2015-2019 seasons (0.68 (95% CI: 0.47, 0.99)), which impacted 7-27 days (0.62 (95% CI:
0.42, 0.93)) but not for 28+ days (0.71 (95% Cl: 0.47, 1.06)) time loss. There was no reduction in combined
trunk and lower extremity injuries for the 2015-2019 seasons (1.55 (95% CI: 0.79, 3.01)).
Conclusions: Organizational risk profiling and education appear to reduce professional pitching overall
and 7-27-day upper extremity injury risk by 33%-38%. There was no difference in trunk and lower ex-
tremity injuries over the period, strengthening the reduction in upper extremity injury risk results. This
suggests that while injury risk increased over time, organizational risk profiling mitigated the expected
increase in upper extremity injury rates. Risk profiling and education can be used as a clinical screening
and intervention tool to help decrease upper extremity injuries in professional baseball populations.
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Baseball has a high injury incidence,*! and these injuries
continue to increase.>'?> The greatest injury incidence is to the
shoulder and elbow, with pitchers having a higher injury incidence
and prevalence than position players.>”!"#! These injuries have a
high health care cost,?® incur work time loss,'® and inhibit perfor-
mance.’” Due to the severity and burden of baseball arm in-
juries,>!?26 baseball organizations have attempted to initiate injury
risk and injury prevention programs.!®!%46

One method to assess injury risk is through risk
profiling.>>>1%%61 Risk profiling is defined as the ability to screen
individuals and subsequently identify individuals at high risk for
the outcome (ie, injury).?> Within baseball, risk profiling has been
performed, with shoulder range of motion (ROM) used as the risk
profile gold standard.’%®! In a meta-analysis, pitchers had a
greater upper extremity injury risk with deficits greater than 5°
between dominant and nondominant shoulder IR rotation ROM.*
Pitchers were 6 times more likely to sustain an upper extremity
injury with deficits greater than 15° between dominant and
nondominant shoulder horizontal adduction (HA).>' Injured
pitchers exhibited greater than 5° difference between dominant
and nondominant humeral torsion (HT) compared to noninjured
pitchers.>’

While injury risk profiling is performed throughout base-
ball,>%%61 without proper education and interventions, identifying
high injury risk athletes is inconsequential.>> Specific interventions
have been employed for shoulder ROM deficits, including stretch-
ing and manual therapy.” However, despite the integration of injury
risk profiling, education, and individualized interventions for high
injury risk athletes, it is currently unclear how these strategies
affect injuries in professional baseball pitchers.

The current ambiguity in baseball injury risk profiling effec-
tiveness is caused by the infeasibility of performing randomized
control trials in sports.”> Randomized control trials require
designating athletes into treatment and control groups, which
may not be approved due to competitive or ethical reasons.'®?>
However, within sports, different interventions are performed
team and organizational wide, with a specific demarcation be-
tween prior and following the implemented intervention. This
constitutes a natural experiment, which is extensively used in
population health to assess the effectiveness of law or medical
interventions on a population level.'* For example, a recent
Nobel Prize study examining labor markets used this approach
to elucidate cause and effect relationships of minimum wage
policies.! Thus, a natural experiment provides an opportunity to
provide clarity and measure the effectiveness of risk profiling
and education strategies to help reduce injuries in professional
baseball pitchers. Therefore, the purpose of this study was to
evaluate the influence of risk profiling and education on upper
extremity injury incidence in minor league (MiLB) pitchers and
stratify by injury severity.

Materials and methods
Procedure

A prospective natural experiment study was conducted from
2013 to 2019 on MiILB pitchers in one organization. Prior to testing,
all participants were detailed the risk and benefits of participation
in verbal and written form. If a participant spoke a language other
than English, an interpreter was used to verbally detail the study,
and written consent forms were given in their own language. Par-
ticipants were tested at the beginning of spring training (presea-
son). Two test administrators with combined over 40 years of
sports medicine experience performed all measurements
throughout the entire study. All test administrators were blinded to
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hand dominance.”! Participants were tested for shoulder ROM and
HT. Following testing, participants were followed for the entire
season for total athletic exposures and upper extremity injuries by
athletic training staff. All participant information was deidentified
and coded into an encrypted centralized database. The Strength-
ening the Reporting of Observational Studies in Epidemiology for
Sport Injury and Illness Surveillance were followed,’* per recom-
mendation by the Medical Research Council guidelines on natural
experiments.”® This investigation received favorable ethics
approval from the University Institutional Review Board.

Participants

MiLB pitchers, from every professional level, at one major
league baseball club were included in this study. Participants
were included if they were able to participate in all practices
and competitions and were under a MiLB contract at time of
testing. Participants were excluded if they were currently injured
or not participating in all spring training activities at time of
testing, participating in major league baseball spring training at
time of data collection, or signed a professional contract in the
middle of the season (eg, draft, free agent, or international
signing).°! Participants that signed a professional contract in the
middle of the season were included at the next preseason
testing session.

Physical testing
Shoulder external and internal rotation range of motion

Shoulder external (ER) and internal (IR) ROM has been found
to have high validity and reliability in general athletic,**>” over-
head athlete,*°”*% youth overhead athletes,> and baseball
populations.>”*%257 participants were placed supine on a stan-
dard plinth treatment table. Participants’ shoulders were posi-
tioned in 90° of shoulder abduction and elbow flexion. A small
towel roll was placed under the humerus to maintain humeral
position. Both dominant and nondominant shoulders were
measured.’®>? Shoulder and scapula were stabilized by a study
examiner placing a posterior pressure by the thenar eminence
and thumb on the coracoid process before shoulder rota-
tion.!>!7?857 Shoulder ER and IR were performed passively, with
gravity acting upon the arm. A digital inclinometer was placed on
the forearm midline and aligned to the olecranon process. Two
examiners performed both ER and IR measurements, with one
stabilizing the shoulder, and the other measuring shoulder rota-
tion (Supplementary Appendix S1).% Prior to data collection, all
measures were assessed for reliability and demonstrated
acceptable intra-rater reliability (intraclass correlation coefficient
[ICC] (2,1) = 0.92-0.99) and reliability was maintained throughout
the study. Two trials were administered per shoulder, and the
average of both trials was used in data analyses.””

Horizontal adduction

Shoulder HA has been found to have high validity and reliability
in overhead athletes®® and baseball populations.?”>5>?> Both
dominant and nondominant shoulders were measured. Subjects
were placed supine on a standard plinth treatment table. The
scapula was retracted and stabilized via the thenar eminence of one
examiner placing an anterior to posterior pressure to the lateral
scapular border. The upper extremity was then placed in 90°
abduction in zero® rotation.?”>®>? The upper extremity was then
passively horizontally adducted across the body.>”?® A digital
inclinometer was then placed on the posterior border of the
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humerus, in line with the olecranon and acromial processes. The
angle between the humerus and the horizontal plane, from the
superior aspect of the shoulder was then measured
(Supplementary Appendix $1).2%°? Prior to data collection, all
measures were assessed for reliability and demonstrated accept-
able intra-rater reliability (ICC(21) = 0.92-0.99) and reliability was
maintained throughout the study. Two trials were administered per
shoulder, and the average of both trials was used in data analyses.>?

Humeral torsion

HT indirect ultrasonographic measurement has been found to
be valid and reliable in overhead athletes®® and baseball
players.>>*” The standard error of measure (SEM) has been
observed to range from 2 to 3.8°.>>*7 Participants were placed su-
pine on a standard plinth treatment table. Participants’ shoulders
were positioned in 90° of shoulder abduction and elbow flexion. A
5-MHz transducer (Sonosite Inc., Bothell, WA) was placed level on
the anterior shoulder and aligned perpendicular to the long axis of
the humerus (Supplementary Appendix S1). The humerus was then
rotated so that the intertubercular groove can be seen, with the
apexes of the greater and lesser tubercles parallel to the horizontal
plane. A digital inclinometer was then placed on the ulnar side of
the forearm, measuring the forearm angle in the horizontal plane.
These measurements indirectly measured the HT, in respect to the
epicondylar axis.>” HT reliability (ICC (2,1) = 0.97; SEM = 2.5; ICC
(2,K) = 0.97 SEM = 2.6) was determined to be excellent.

Exposure definition

An athlete-exposure (AE) was defined as one athlete partici-
pating in one practice or competition where a player was at risk of
sustaining an injury.*'"*> Baseball exposure was defined from the
beginning of preseason (ie, spring training) to the end of the minor
league season.>® All exposure was recorded by the athletic training
staff.

Seasonal pitch load and number of pitching appearances

The number of pitches and pitching appearances in a season
were collected from team reports. However, due to the contractual
agreement between the researchers and the major league baseball
organization, pitch count was not reported until 2016, which con-
sisted of 75% of all pitch count data. As a result, the remaining
pitcher season pitch counts were accessed and recorded via pub-
licly available data (thebaseballcube.com and baseball-reference.
com). As these publicly available websites do not record the
actual number of pitches in a season, indirect calculations were
performed. Box score statistics including batters faced, strike outs,
and walks were obtained from the publicly available websites and
then calculated via a pitch count estimator formula (3.3 x Batters
Faced + 1.5 x Strike Outs + 2.2 x Walks).?° This pitch count formula
has found to be have excellent reliability (ICC = 0.98), with error of
three pitches per season.’®

Injury definition

An injury was defined as an injury to a tendon, ligament, nerve,
muscle, or bone that occurs during any baseball team sponsored
activity or event*® and was followed by at least one day of missed
practice or at least one missed baseball game.”! If a player was
unavailable to play for injury prevention reasons (ie, has reached
league or individually determined pitch or innings count limits),
then their absence was not considered as an injury.>® Injuries were
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defined by the Orchard Sports Injury Classification system and
upper extremity injuries stratified by shoulder/clavicle, upper arm,
elbow, and forearm.** All other injuries and illness were also
recorded, and time loss was taken into account for overall expo-
sure.>® All other injuries were combined into trunk and lower ex-
tremity injury. Injury severity calculated as overall time loss,>® with
further injury severity stratified by 7-27 and 28+ days.”' Injuries
were further stratified into early (March, April), middle (May, June),
and late (July, August, and September).

Injury history was obtained from player medical records and
previous professional baseball seasons. A pitcher was defined as
having a history of upper extremity injury if: previous elbow or
shoulder surgery,**®* and/or sustaining 15 or more days of elbow or
shoulder time loss injury in previous professional baseball
seasons.> %0

Injury risk profiling and education

Beginning with the 2015 season, pitchers identified as at risk
through preseason ROM and HT testing, were risk profiled for the
Major League Baseball organization. Risk profiling was performed
through calculating the difference between dominant and
nondominant shoulder ROM and HT.°*®! Shoulder ROM and HT
differences were calculated for shoulder IR, ER, total range of mo-
tion (TROM), HA, and HT.>"%%%! pitchers were then grouped into at
risk and not risk categories for IR, ER, and TROM difference and
dominant HA ROM, based off of previous literature.>"°*! Shoulder
IR ROM risk was defined as <—15°,°%%! shoulder ER ROM risk was
defined as >15°5%6" shoulder TROM risk was defined as
<—10°,%%6" and dominant shoulder HA risk as <0°.°! Pitchers that
were not considered not at risk from these calculations were
advised to continue with regular training.

The major league baseball organization, including athletic
trainers, physical therapists, and strength and conditioning coaches
were educated on what being risk profiled incurred. Further, the
major league baseball organization was educated on potential
shoulder ROM  interventions. Interventions included self-
stretching, manual therapy, and shoulder strengthening exer-
cises.”'>34 All interventions had to be performed within the ath-
letic training room under sport medicine supervision. Shoulder
self-stretching consisted of each pitcher performing the sleeper
and horizontal stretch prior to and following throwing."> Manual
therapy consisted of instrumented soft-tissue mobilization,
focusing on the teres minor and infraspinatus, following throwing
and pitching sessions.? Participants were prone with the throwing
arm in 90° shoulder abduction and elbow flexion. Treatment
strokes were applied at 45°, for two minutes.” Shoulder strength-
ening consisted of a two-phase program, the first focusing on
endurance, increasing up to 3 x 20 repetitions with proper form
prior to increasing load. The second phase focused on increasing
load (maintaining 3 x 20 repetitions), up to 2.3 kg. Pitchers per-
formed these exercises four times a week. Pitchers were prone with
‘thumbs up’, and performed shoulder horizontal abduction at 90
and 145°.2* Risk profiled pitchers were monitored throughout the
season by the athletic training staff for compliance of performing
the interventions.

Data reduction
Time series data were split by dummy code into 0 (2013-2014)

and 1 (2015-2019). The number of professional seasons was split
into one to two seasons, three to four seasons, and five plus seasons.
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Table I
Pitching demographics for 2013-2019.
All pitchers 2013-2014 2015-2019
(n=297) (n=119) (n=178)
Age (years) 23.0(2.2) 234 (2.4) 22.7 (2.1)
Hand dominance
Left 62 (21%) 25 (17%) 57 (16%)
Right 235 (79%) 123 (87%) 292 (84%)
Body mass index 24.8 (2.2) 25.1(2.4) 246 (2.2)
(kg/m?)
Pitching position
Starter 122 (41%) 58 (49%) 100 (56%)
Reliever 175 (59%) 61 (51%) 78 (44%)
Seasonal pitch load 775 (394, 1156) 600 (213,988) 860 (502, 1217)
Number of pitching 25 (14) 26 (17, 35) 25 (14, 36)
appearances
Dominant HT 9 (13) 9(13) 9(13)
Dominant IR 35(11) 35(10) 35(11)
Dominant 125 (10) 125 (9) 125(11)
Dominant -2(12) -3(12) -2(13)
Dominant 160 (13) 159(12) 160 (13)
Humeral torsion -18 (14) -17 (12) -19 (15)
difference
Internal rotation -13(11) —10 (10) -14 (11)
difference
External rotation 9.0 (9.1) 6.9 (8.3) 10(9)
difference
TROM difference -4(13) -4(12) -4 (13)
Internal rotation risk
Risk 42% 32% 47%
No risk 58% 68% 53%
ER risk
Risk 44% 35% 49%
No risk 56% 65% 51%
Dominant HA risk
Risk 62% 69% 58%
No risk 38% 31% 42%
TROM risk
Risk 32% 31% 33%
No risk 68% 69% 67%
Arm injury history 31% 27% 33%
Arm injuries 1+ Days 98 (33%) 35 (29%) 63 (35%)
Arm injuries 7+ Days 84 (28%) 30 (25%) 54 (30%)
Arm injuries 28+ Days 64 (22%) 22 (18%) 42 (24%)
Arm injury occurrence
Early 43 (45%) 15 (43%) 28 (48%)
Middle 28 (32%) 13 (37%) 15 (26%)
Late 22 (23%) 7 (20%) 15 (26%)
Elbow injuries 40 (13%) 17 (14%) 23 (13%)
Shoulder injuries 64 (22%) 18 (14%) 46 (26%)

HT, Humeral torsion; IR, Internal rotation; ER, External rotation; HA, Horizontal
adduction; TROM, Total range of motion.

Data is reported as mean (standard deviation), median (2
or counts as percent.

All range of motion is reported in degrees.

TROM = Sum of shoulder external and internal rotation ROM.

Range of motion difference is calculated as dominant — non-dominant shoulder.
IR Risk = Less than or equal to —15 degrees difference between dominant and
nondominant shoulder IR.

ER Risk = Greater than or equal to 10 degrees difference between dominant and
nondominant shoulder ER.

Dominant HA risk = Less than 0 degrees difference on dominant HA.

TROM Risk = Less than or equal to -1- degrees difference between dominant and
nondominant shoulder TROM.

5t quantile, 75™ quantile),

Statistical analyses

All data were investigated for missingness prior to analyses.
Missing data were low (shoulder range of motion: 3%, age: <1%,
position: 0%), thus complete case analyses were performed.
Investigation of normality was performed utilizing data visual in-
spection prior to analyses. Participant statistics were described
using mean (standard deviation) for continuous normally distrib-
uted variables, median (interquartile range) for non-normally

298

JSES Reviews, Reports, and Techniques 3 (2023) 295—302

distributed continuous variables, and frequencies and percentages
for categorical variables. Upper extremity injury and combined
trunk and lower extremity incidence was calculated by sum of in-
juries divided by sum of person days multiplied by 1000. %2 ana-
lyses were performed to investigate potential differences between
shoulder ROM risk categories between the 2013-2014 and 2015-
2019 seasons (P < .05). Interrupted time series analyses with qua-
sipoisson distributions were performed to assess the effect of risk
profiling and education on upper extremity injury in professional
MILB pitchers. These analyses were repeated for injury severity of
7-27 and 28+ days. Sensitivity analyses were performed to un-
derstand the stability of the results. Sensitivity analyses were per-
formed separately: 1) elbow and shoulder injury, 2) time to injury.
A falsification analysis was also performed to assess associations for
combined trunk and lower extremity injury, as this is an implau-
sible relationship for the designed injury mitigation program. Un-
adjusted and adjusted odds ratios (ORs) with 95% confidence
intervals (95% CI's) were reported for all analyses with alpha set at
0.05. Confounders controlled for included body mass index,® arm
dominance (left vs. right arm),>* seasonal pitch load, number of
season pitching appearances, pitching position (ie, starter vs. re-
liever),” professional baseball seasons played, injury history,>"%* HT
difference,?” shoulder IR difference,* shoulder ER difference,* and
shoulder HA difference.* All assumptions for times series were
assessed and met. All analyses were performed in R version 3.5.1 (R
Core Team (2013). R: A language and environment for statistical
computing; R Foundation for Statistical Computing, Vienna,
Austria), using the naniar package for missingness assessment,>®
and tsModel for interrupted time series modelling.

Results
Participant characteristics

A total of 297 pitchers were included with a total of 119 pitchers
in the 2013-2014 seasons and 178 pitchers in the 2015-2019 seasons.
14 pitchers were in both the 2014 and 2015 seasons. A total of 85,270
player days were observed, with 25,277 player days for the 2013-
2014 seasons, and 59,993 player days for the 2015-2019 seasons.
Overall injury history prevalence was 31%, the 2013-2014 season
injury history prevalence was 27%, and the 2015-2019 season injury
history prevalence was 33%. Upper extremity injury incidence was
1.15 injuries per 1000 AE's. For the 2013-2014 seasons upper ex-
tremity injury incidence was 1.38 injuries per 1000 AE’s, and for the
2015-2019 seasons, upper extremity injury incidence was 1.63 in-
juries per 1000 AE'’s (Table I). All upper extremity injuries were
overuse in nature. Combined trunk and lower extremity injury
incidence was 0.40 combined trunk and lower extremity injuries per
1000 AE'’s. For the 2013-2014 seasons combined trunk and lower
extremity injury incidence was 0.40 combined trunk and lower ex-
tremity injuries per 1000 AFE’s. For the 2015-2019 seasons combined
trunk and lower extremity injury incidence was 0.40 combined
trunk and lower extremity injuries per 1000 AE’s.

Injury risk profiling

A total of 93 (78%) pitchers were risk profiled in the 2013-2014
season and 130 (73%) were risk profiled for the 2015-2019 seasons.
Upper extremity injury incidence for risk profiled pitchers during
the 2013-2014 season was 1.7 injuries per 1000 AE’s and 0.9 injuries
per 1000 AE’s in the 2015-2019 seasons.

The 2013-2014 seasons demonstrated decreased preseason
shoulder injury risk for IR shoulder risk (2013-2014: 32%, 2015-
2019: 47%; P =.003) and ER shoulder risk (2013-2014: 35%, 2015-
2019: 49%; P = .007) when compared to the 2015-2019 seasons.
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33% arm injury risk reduction

Predicted Injury Risk (Log Odds)

PRE POST

14 2016 2018
Year

Figure 1 Following organizational risk profiling and education, there was a 33% arm
injury risk reduction over the subsequent seasons while controlling for other
measurable factors.

While the 2015-2019 seasons demonstrated decreased dominant
HA shoulder risk (2013-2014: 69%, 2015-2019: 58%; P = .036)
compared to 2013-2014 seasons. TROM risk (2013-2014: 31%, 2015-
2019: 33%; P =.763) was similar across all seasons.

Interrupted time series

Risk profiling and education resulted in a reduced adjusted time
loss upper extremity injury reduction for the 2015-2019 seasons
(unadjusted: 0.76 (95% CI: 0.50, 1.15), P = .197; adjusted: 0.68 (95%
Cl: 0.47,0.99), P =.197; Fig. 1), which impacted 7-27 days (0.62 (95%
Cl: 0.42, 0.93), P =.019; Fig. 2) but not for 28+ days (0.71 (95% CI:
0.47,1.06), P = .093) time loss.

Individual body region analyses

There was a significant decrease in elbow injury for the 2015-
2019 seasons (Unadjusted: 0.98 (95% CI: 0.97, 0.99), P = .039;
Adjusted: 0.53 (95% CI: 0.30, 0.95), P = .034). There was no reduc-
tion in shoulder injuries for the 2015-2019 seasons (unadjusted:
1.09 (95% CI: 0.68,1.74), P =.773; adjusted: 0.89 (95% CI: 0.53, 1.56),
P = .690). There was no relationship between arm injuries time
occurrence within the baseball season (unadjusted: 1.12 (95% CI:
0.78, 1.59), P = .548; adjusted: 1.07 (95% CI: 0.74, 1.56), P = .723).
There was no reduction in combined trunk and lower extremity
injuries for the 2015-2019 seasons (unadjusted: 1.42 (95% CI: 0.74,
2.72), P = .290; adjusted: 1.55 (95% CI: 0.79, 3.01), P = .204).

Discussion

The natural experiment analysis reveals that while upper ex-
tremity injury risk increased between 2013-2014 seasons and
2015-2019 seasons, risk profiling and education reduced upper
extremity injury expected rates by 33%. Upper extremity injury risk
profiling and education showed the greatest reduction in the 7-27-
day upper extremity injury incidence by 38%; however, the wide
confidence intervals decrease the strength of these findings. The
upper extremity injury reduction strategy was inconclusive for
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28+ day injury incidence. There were no descriptive or statistical
differences for combined trunk and lower extremity injury inci-
dence or risk between the 2013-2014 and 2015-2019 seasons. These
findings may demonstrate that injury risk profiling and education
are effective in mitigating upper extremity injury incidence at the
organizational level.

Risk profiling and education was observed to decrease upper
extremity injury risk by one third for any time loss and 7-27-day
time loss upper extremity injuries. There are no comparative
studies in upper extremity injury risk. Similar approaches which
identify athletes at risk for injury has been observed to be effective
in attenuating injury risk in other sports for anterior cruciate liga-
ment injuries.”” Identifying at risk athletes allows for injury pre-
vention programs to be enacted, which have also demonstrated
high efficacy in impacting sport injuries.>®*”*® Following identi-
fying pitchers at risk for an upper extremity injury, sports medicine
providers, and the respective baseball pitchers, were educated on
potential injury risk reduction strategies such as shoulder ROM
stretching, manual therapy,” and shoulder strengthening exer-
cises.®” Further, these players were more closely monitored
throughout the season, allowing for alterations in individualized
injury prevention strategies as the season progressed.

It should be noted that the raw injury incidence was similar
between both groups. However, the 2015-2019 group demon-
strated greater prevalence of risk profiled pitchers and arm injury
history, which have previously been observed to increased upper
extremity injury risk.3"®* Risk profiling may have attenuated the
expected rise in upper extremity injury rates for the 2015-2019
group. These data suggest that performing preseason injury risk
screening, and educating sports medicine providers and their
respective athletes, may allow for improved observation and
greater precision in injury prevention intervention in higher risked
athletes, potentially decreasing their upper extremity injury risk.

Injury risk profiling and education interventions decreased elbow
injury risk by 47%, but was inconclusive for shoulder injury risk.
However, splitting the data decreased the power, limiting the
interpretability of these findings. Elbow and shoulder injury risk
factors have been previously observed to be dissimilar in profes-
sional baseball pitchers.®®®! For example, professional pitchers who
sustained an elbow injury exhibited decreased dominant total
shoulder ROM and shoulder flexion, while in the same cohort, pro-
fessional pitchers that sustained a shoulder injury demonstrated
decreased dominant shoulder ER rotation.%®' These differences may
be due to biomechanical changes caused by these different shoulder
ROM deficits.?’ The greatest elbow valgus torque is sustained during
the late cocking phase, which is a combination of shoulder rotation,
scapulothoracic extension, and trunk extension.’’? Deficient
dominant total shoulder ROM and shoulder flexion may create
increased elbow valgus torque during the pitching late cocking phase
due to decreased ability to produce the necessary shoulder and
scapulothoracic motion.”® In contrast, during the late cocking phase,
decreased shoulder ER rotation may not allow for sufficient lay back
mechanism, putting undue stress on the shoulder.>”%

Risk profiling and education were inconclusive for 28+ day
upper extremity injuries. But, statistical power was substantially
decreased for this analysis, demonstrated by the wide confidence
intervals. There were no differences in time to injury before or after
implementing risk profiling and education. This suggests that these
interventions are indiscriminate in injury prevention concerning
time. Thus, other factors such as playing load and fatigue may also
play a role in time to injury within a season.”?"*° For example there
was a proportional relationship between increased pitch count and
throwing arm pain in baseball pitchers.? In a systematic review,
increased fatigue was associated with increased arm pain in
pitchers.”! It is advised to continue to monitor pitching load,
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38% arm injury risk reduction

POST

Year

Figure 2 Following organization risk profiling and education, there was a 38% 7-27-day arm injury risk reduction over the subsequent seasons while controlling for other

measurable factors.

through pitch count, and pitcher fatigue in association with risk
profiling and education.

Combined trunk and lower extremity injury incidence was
similar at 0.40 injuries per 1000 AE’s between the 2013-2014 and
2015-2019 baseball seasons. Further, adjusted combined trunk and
lower extremity injury risk was similar between cohorts. The
combined trunk and lower extremity injury incidence and risk are
in direct contrast to the steady decrease in adjusted upper ex-
tremity injury incidence. As baseball training and in game tactics
have changed throughout the cohort time period, these modifica-
tions could have potentially explained the steady decrease in upper
extremity injury risk. However, the similar combined trunk and
lower extremity injury incidence and risk throughout the cohort
period potentially strengthen the association between incorpo-
rating risk profiling and education and the decreased upper ex-
tremity injury risk.

Strengths

This study used a seven-year prospective longitudinal profes-
sional baseball cohort, increasing the precision of these findings. All
minor league affiliates were incorporated into the sample
increasing the generalizability of these findings.

Potential limitations

There were decreased number of seasons and overall exposure
for the pre intervention (2013-2014) compared to the intervention
(2015-2019) groups. Shoulder ROM can change between pitching
appearances and throughout the season, which was not evaluated
in these data. Individual pitcher compliance with interventions and
fidelity to interventions were not assessed, decreasing the precision
of these findings. Previous injury history that did not involve sur-
gery, prior to signing a professional contract, was not available. As
previous injury is a predictive factor of recurrent injury, there is
some residual confounding on this issue. Pitch velocity, shoulder
strength, or lower extremity ROM was not included in cohort data
collection, which decreases clinical utility of these findings. Only
investigating professional baseball players decreases the general-
izability of these results. These findings should not be interpreted
as causal.

300

Future research

These findings necessitate future research. The different re-
lationships observed between injury risk profiling and education
and elbow and shoulder injuries necessitate the need to under-
stand how interventions potentially mitigate elbow and shoulder
injuries separately. While injury risk profiling and education
demonstrated a reduction in professional pitching upper extremity
injuries, it is not known what the optimal dosage of injury pre-
vention interventions needed to decrease upper extremity injuries
are. Research is needed to understand the effectiveness of risk
profiling and education on other playing standards, such as college,
high school, and youth baseball players.

Conclusions

Organizational risk profiling and education appear to reduce
professional pitching <28-day upper extremity injury risk by 33%-
38%; however, the wide confidence intervals may reduce the
interpretation of these findings. Risk profiling decreased elbow
injury risk by 47% but was not effective in reducing shoulder
injury risk. These findings suggest that while injury risk increased
over time, organizational risk profiling mitigated the expected
increase in upper extremity injury rates. Risk profiling and edu-
cation can be used as a clinical screening and intervention tool to
help decrease upper extremity injuries in professional baseball
populations at an organizational level. Future research is required
to understand the interplay of clinical and unmeasured factors on
pitching injury risk and the individual causal effects of risk
profiling and education.

Disclaimers:

Funding: No funding was disclosed by the authors.

Conflicts of interest: Gary Collins was supported by the NIHR
Biomedical Research Centre, Oxford, and Cancer Research UK
(programme grant: C49297/A27294). The other authors, their
immediate families, and any research foundation with which they
are affiliated have not received any financial payments or other
benefits from any commercial entity related to the subject of this
article.



G.S. Bullock, CA. Thigpen, G.S. Collins et al.

Supplementary data

Supplementary data to this article can be found online at

https://doi.org/10.1016/j.xrrt.2023.03.005.

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

. Angrist ], Autor D, Pallais A. Natural experiments in labour economics and

beyond: the 2021 Nobel laureates David Card, Joshua Angrist, and Guido
Imbens. Business Rev 2021. https://cepr.org/voxeu/columns/natural-
experiments-labour-economics-and-beyond-2021-nobel-laureates-david-card.
Accessed January 1, 2022.

. Bailey LB, Thigpen CA, Hawkins RJ], Beattie PF, Shanley E. Effectiveness of

manual therapy and stretching for baseball players with shoulder range of
motion deficits. Sports Health 2017;9:230-7. https://doi.org/10.1177/194173
8117702835.

. Borsa PA, Dover GC, Wilk KE, Reinold MM. Glenohumeral range of motion and

stiffness in professional baseball pitchers. Med Sci Sports Exerc 2006;38:21-6.
https://doi.org/10.1249/01.mss.0000180890.69932.15.

. Bullock GS, Faherty MS, Ledbetter L, Thigpen CA, Sell TC. Shoulder range of

motion and baseball arm injuries: a systematic review and meta-analysis. ] Athl
Train 2018;53:1190-9. https://doi.org/10.4085/1062-6050-439-17.

. Bushnell BD, Anz AW, Noonan TJ, Torry MR, Hawkins RJ]. Association of

maximum pitch velocity and elbow injury in professional baseball pitchers. Am
J Sports Med 2010;38:728-32. https://doi.org/10.1177/0363546509350067.

. Camp CL, Conte S, D'Angelo ], Fealy SA. Epidemiology of ulnar collateral liga-

ment reconstruction in Major and Minor League Baseball pitchers: compre-
hensive report of 1429 cases. ] Shoulder Elbow Surg 2018;27:871-8. https://
doi.org/10.1016/j.jse.2018.01.024.

. Cerynik DL, Ewald TJ, Sastry A, Nirav AH, Liao JG, Tom JA. Outcomes of isolated

glenoid labral injuries in professional baseball pitchers. Clin J Sport Med
2008;18:255-8. https://doi.org/10.1097/J]SM.0b013e318170ae86.

. Chalmers PN, Erickson BJ, Ball B, Romeo AA, Verma NN. Fastball pitch velocity

helps predict ulnar collateral ligament reconstruction in Major League Baseball
pitchers. Am ] Sports Med 2016;44:2130-5. https://doi.org/10.1177/0363546
516634305.

. Chalmers PN, Erickson BJ, D'Angelo ]J, Ma K, Romeo AA. Epidemiology of

shoulder surgery among professional baseball players. Am ] Sports Med
2019;47:1068-73. https://doi.org/10.1177/0363546519832525.

Conte S, Camp CL, Dines JS. Injury trends in major league baseball over 18
seasons: 1998-2015. Am ] Orthop (Belle Mead NJ) 2016;45:116-23.

Conte SA, Fleisig GS, Dines JS, Wilk KE, Aune KT, Patterson-FLynn N, et al.
Prevalence of ulnar collateral ligament surgery in professional baseball players.
Am ] Sports Med 2015;43:1764-9. https://doi.org/10.1177/036354651
5580792.

Conte S, Requa RK, Garrick JG. Disability days in major league baseball. Am ]
Sports Med 2001;29:431-6.

Cools AM, Johansson FR, Borms D, Maenhout A. Prevention of shoulder injuries
in overhead athletes: a science-based approach. Braz J Phys Ther 2015;43:
1764-9. https://doi.org/10.1177/0363546515580792.

Craig P, Cooper C, Gunnell D, Haw S, Lawson K, Macintyre S, et al. Using natural
experiments to evaluate population health interventions: new Medical
Research Council guidance. ] Epidemiol Community Health 2012;66:1182-6.
https://doi.org/10.1136/jech-2011-200375.

Donatelli R, Ellenbecker TS, Ekedahl SR, Wilkes ]S, Kocher K, Adam ]. Assess-
ment of shoulder strength in professional baseball pitchers. ] Orthop Sports
Phys Ther 2000;30:544-51.

Ebben WP, Hintz MJ, Simenz C]J. Strength and conditioning practices of Major
League Baseball strength and conditioning coaches. ] Strength Cond Res
2005;19:538-46. https://doi.org/10.1519/R-15464.1.

Ellenbecker TS, Roetert EP, Bailie DS, Davies GJ, Brown SW. Glenohumeral joint
total rotation range of motion in elite tennis players and baseball pitchers. Med
Sci Sports Exerc 2002;34:2052-6. https://doi.org/10.1097/00005768-2002120
00-00028.

Emery CA, Roy T-O, Whittaker JL, Nettel-Aguirre A, Van Mechelen W. Neuro-
muscular training injury prevention strategies in youth sport: a systematic
review and meta-analysis. Br ] Sports Med 2015;49:865-70. https://doi.org/
10.1136/bjsports-2015-094639.

Feeley BT, Schisel ], Agel J. Pitch counts in youth baseball and softball: a his-
torical review. Clin ] Sport Med 2018;28:401-5. https://doi.org/10.1097/
JSM.0000000000000446.

Fleisig GS, Andrews JR, Dillman CJ, Escamilla RF. Kinetics of baseball pitching
with implications about injury mechanisms. Am ] Sports Med 1995;23:233-9.
Fortenbaugh D, Fleisig GS, Andrews ]JR. Baseball pitching biomechanics in
relation to injury risk and performance. Sports Health 2009;1:314-20. https://
doi.org/10.1177/1941738109338546.

Helmkamp JK, Bullock GS, Rao A, Shanley S, Thigpen CA, Garrigues GE. The
relationship between humeral torsion and arm injury in baseball players: a
systematic review and meta-analysis. Sports Health 2020;12:132-8. https://
doi.org/10.1177/1941738119900799.

Hughes T, Sergeant JC, van der Windt DA, Riley R, Callaghan M]J. Periodic health
examination and injury prediction in professional football (Soccer):

301

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

JSES Reviews, Reports, and Techniques 3 (2023) 295—302

theoretically, the prognosis is good. Sports Med 2018;48:2443-8. https://
doi.org/10.1007/s40279-018-0928-y.

International Olympic Committee Injury and Epidemiology Consensus Group,
Bahr R, Clarsen B, Derman W, Dvorak ], Emery CA, et al. International Olympic
Committee consensus statement: methods for recording and reporting of
epidemiological data on injury and illness in sports 2020 (including the
STROBE extension for sports injury and illness surveillance (STROBE-SIIS)).
Orthop ] Sport Med 2020;8:2325967120902908. https://doi.org/10.1177/
2325967120902908.

Kannel WB, McGee D, Gordon T. A general cardiovascular risk profile: the
Framingham study. Am ] Cardiol 1976;38:46-51.

Knowles SB, Marshall SW, Miller T, Spicer R, Bowling JM, Loomis D, et al. Cost of
injuries from a prospective cohort study of North Carolina high school athletes.
Inj Prev 2007;13:416-21. https://doi.org/10.1136/ip.2006.014720.

Laudner KG, Stanek JM, Meister K. Assessing posterior shoulder contracture:
the reliability and validity of measuring glenohumeral joint horizontal
adduction. J Athl Train 2006;41:375-80.

Lintner D, Mayol M, Uzodinma O, Jones R, Labossiere D. Glenohumeral internal
rotation deficits in professional pitchers enrolled in an internal rotation
stretching program. Am J Sports Med 2007;35:617-21. https://doi.org/10.1177/
0363546506296736.

Lyman S, Fleisig GS, Andrews JR, Osinski ED. Effect of pitch type, pitch count,
and pitching mechanics on risk of elbow and shoulder pain in youth baseball
pitchers. Am ] Sports Med 2002;30:463-8. https://doi.org/10.1177/036354650
20300040201.

Lysdal FG, Bandholm T, Tolstrup J, Claussen M, Mann S, Pertersen P, et al. 018
Spraino® reduces the risk of lateral ankle sprain injury among indoor sport
athletes: a pilot randomized controlled trial with 510 participants. Br ] Sports
Med 2020;54:12-3. https://doi.org/10.1136/bjsports-2019-101767.

Makhni EC, Lee RW, Nwosu EO, Steinhaus ME, Ahmad CS. Return to compe-
tition, re-injury, and impact on performance of preseason shoulder injuries in
Major League Baseball pitchers. Phys Sportsmed 2015;43:300-6. https://
doi.org/10.1080/00913847.2015.1050952.

Meister K, Day T, Horodyski M, Kaminski TW, Wasik MP, Tillman S. Rotational
motion changes in the glenohumeral joint of the adolescent/Little League
baseball player. Am ] Sports Med 2005;33:693-8. https://doi.org/10.1177/
0363546504269936.

Moller M, Attermann J, Myklebust G, Lind M, Sorensen H, Hebert J], et al. The
inter- and intrarater reliability and agreement for field-based assessment of
scapular control, shoulder range of motion, and shoulder isometric strength in
elite adolescent athletes. Phys Ther Sport 2018;32:212-20. https://doi.org/
10.1016/j.ptsp.2018.04.005.

Moore SD, Uhl TL, Kibler WB. Improvements in shoulder endurance
following a baseball-specific strengthening program in high school baseball
players. Sports Health 2013;5:233-8. https://doi.org/10.1177/19417381134
77604.

Myers JB, Oyama S, Clarke JP. Ultrasonographic assessment of humeral retro-
torsion in baseball players: a validation study. Am ] Sports Med 2012;40:1155-
60. https://doi.org/10.1177/0363546512436801.

Myers JB, Oyama S, Wassinger CA, Ricci RD, Abt JP, Conley KM, et al. Reliability,
precision, accuracy, and validity of posterior shoulder tightness assessment in
overhead athletes. Am J Sports Med 2007;35:1922-30. https://doi.org/10.1177/
0363546507304142.

Noonan TJ, Thigpen CA, Bailey LB, Wyland DJ, Kissenberth M, Hawkins R], et al.
Humeral torsion as a risk factor for shoulder and elbow injury in professional
baseball pitchers. Am ] Sports Med 2016;44:2214-9. https://doi.org/10.1177/
0363546516648438.

Orchard JW, Kountouris A, Sims K. Incidence and prevalence of elite male
cricket injuries using updated consensus definitions. Sport Med Open 2016;7:
187-94. https://doi.org/10.2147/OAJSM.S117497.

Orchard JW, Ranson C, Olivier B, Dhillon M, Gray ], Langley B, et al. Inter-
national consensus statement on injury surveillance in cricket: a 2016 up-
date. Br J Sports Med 2016;50:1245-51. https://doi.org/10.1136/bjsports-
2016-096125.

Peters SD, Bullock GS, Goode AP, Garrigues GE, Ruch DS, Reiman MP. The
success of return to sport after ulnar collateral ligament injury in baseball: a
systematic review and meta-analysis. ] Shoulder Elbow Surg 2018;27:561-71.
https://doi.org/10.1016/j.jse.2017.12.003.

Posner M, Cameron KL, Wolf JM, Belmont PJ Jr, Owens BD. Epidemiology of
major league baseball injuries. Am ] Sports Med 2011;39:1675-91. https://
doi.org/10.1177/0363546511411700.

Powell JW, Barber-Foss KD. Sex-related injury patterns among selected high
school sports. Am ] Sports Med 2000;28:385-91.

Powell JW, Barber-Foss KD. Injury patterns in selected high school sports: a
review of the 1995-1997 seasons. J Athl Train 1999;34:277.

Rae K, Orchard ]. The Orchard sports injury classification system (OSICS)
version 10. Clin J Sport Med 2007;17:201-4. https://doi.org/10.1097/
JSM.0b013e318059b536.

Rauh M], Margherita AJ, Rice SG, Koepsell TD, Rivara FP. High school cross
country running injuries: a longitudinal study. Clin ] Sport Med 2000;10:
110-6.

Reinold MM, Macrina LC, Fleisig GS, Aune K, Andrews JR. Effect of a 6-week
weighted baseball throwing program on pitch velocity, pitching arm biome-
chanics, passive range of motion, and injury rates. Sports Health 2018;10:327-
33, https://doi.org/10.1177/1941738118779909.


https://doi.org/10.1016/j.xrrt.2023.03.005
https://cepr.org/voxeu/columns/natural-experiments-labour-economics-and-beyond-2021-nobel-laureates-david-card
https://cepr.org/voxeu/columns/natural-experiments-labour-economics-and-beyond-2021-nobel-laureates-david-card
https://doi.org/10.1177/1941738117702835
https://doi.org/10.1177/1941738117702835
https://doi.org/10.1249/01.mss.0000180890.69932.15
https://doi.org/10.4085/1062-6050-439-17
https://doi.org/10.1177/0363546509350067
https://doi.org/10.1016/j.jse.2018.01.024
https://doi.org/10.1016/j.jse.2018.01.024
https://doi.org/10.1097/JSM.0b013e318170ae86
https://doi.org/10.1177/0363546516634305
https://doi.org/10.1177/0363546516634305
https://doi.org/10.1177/0363546519832525
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref10
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref10
https://doi.org/10.1177/0363546515580792
https://doi.org/10.1177/0363546515580792
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref12
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref12
https://doi.org/10.1177/0363546515580792
https://doi.org/10.1136/jech-2011-200375
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref15
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref15
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref15
https://doi.org/10.1519/R-15464.1
https://doi.org/10.1097/00005768-200212000-00028
https://doi.org/10.1097/00005768-200212000-00028
https://doi.org/10.1136/bjsports-2015-094639
https://doi.org/10.1136/bjsports-2015-094639
https://doi.org/10.1097/JSM.0000000000000446
https://doi.org/10.1097/JSM.0000000000000446
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref20
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref20
https://doi.org/10.1177/1941738109338546
https://doi.org/10.1177/1941738109338546
https://doi.org/10.1177/1941738119900799
https://doi.org/10.1177/1941738119900799
https://doi.org/10.1007/s40279-018-0928-y
https://doi.org/10.1007/s40279-018-0928-y
https://doi.org/10.1177/2325967120902908
https://doi.org/10.1177/2325967120902908
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref25
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref25
https://doi.org/10.1136/ip.2006.014720
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref27
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref27
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref27
https://doi.org/10.1177/0363546506296736
https://doi.org/10.1177/0363546506296736
https://doi.org/10.1177/03635465020300040201
https://doi.org/10.1177/03635465020300040201
https://doi.org/10.1136/bjsports-2019-101767
https://doi.org/10.1080/00913847.2015.1050952
https://doi.org/10.1080/00913847.2015.1050952
https://doi.org/10.1177/0363546504269936
https://doi.org/10.1177/0363546504269936
https://doi.org/10.1016/j.ptsp.2018.04.005
https://doi.org/10.1016/j.ptsp.2018.04.005
https://doi.org/10.1177/1941738113477604
https://doi.org/10.1177/1941738113477604
https://doi.org/10.1177/0363546512436801
https://doi.org/10.1177/0363546507304142
https://doi.org/10.1177/0363546507304142
https://doi.org/10.1177/0363546516648438
https://doi.org/10.1177/0363546516648438
https://doi.org/10.2147/OAJSM.S117497
https://doi.org/10.1136/bjsports-2016-096125
https://doi.org/10.1136/bjsports-2016-096125
https://doi.org/10.1016/j.jse.2017.12.003
https://doi.org/10.1177/0363546511411700
https://doi.org/10.1177/0363546511411700
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref42
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref42
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref43
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref43
https://doi.org/10.1097/JSM.0b013e318059b536
https://doi.org/10.1097/JSM.0b013e318059b536
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref45
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref45
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref45
https://doi.org/10.1177/1941738118779909

G.S. Bullock, CA. Thigpen, G.S. Collins et al.

47.

48.

49.

50.

51.

52.

53.

54,

55.

Sadigursky D, Braid JA, De Lira DNL, Machado BAB, Colavolpe PO. The FIFA 11+
injury prevention program for soccer players: a systematic review. BMC Sports
Sci Med Rehabil 2017;9:18. https://doi.org/10.1186/s13102-017-0083-z.
Sakata J, Nakamura E, Suzuki T, Suzukawa M, Akaike A, Shimizu K, et al.
Efficacy of a prevention program for medial elbow injuries in youth baseball
players. Am ] Sports Med 2018;46:460-9. https://doi.org/10.1177/036354651
7738003.

Salamh PA, Liu X, Kolber M], Hanney WJ, Hegedus EJ. The reliability, validity,
and methodologic quality of measurements used to quantify posterior shoul-
der tightness: a systematic review of the literature with meta-analysis.
J Shoulder Elbow Surg 2018;28:178-85. https://doi.org/10.1016/j.jse.
2018.07.013.

Shanley E, Bailey L, Sandago MP, Pinkerton A, Singleton SB, Thigpen CA. The
use of a pitch count estimator to calculate exposure in collegiate baseball
pitchers. Phys Ther Sport 2015;16:344-8. https://doi.org/10.1016/j.ptsp.
2015.02.002.

Shanley E, Kissenberth MJ, Thigpen CA, Bailey LB, Hawkins R], Michener LA,
et al. Preseason shoulder range of motion screening as a predictor of injury
among youth and adolescent baseball pitchers. ] Shoulder Elbow Surg 2015;24:
1005-13. https://doi.org/10.1016/j.jse.2015.03.012.

Shanley E, Rauh M], Michener LA, Ellenbecker TS, Garrison JC, Thigpen CA, et al.
Shoulder range of motion measures as risk factors for shoulder and elbow
injuries in high school softball and baseball players. Am ] Sports Med 2011;39:
1997-2006. https://doi.org/10.1177/0363546511408876.

Shanley E, Thigpen CA, Collins GS, Arden NK, Noonan TJ, Wyland D], et al.
Including modifiable and non-modifiable factors improves injury risk assess-
ment in professional baseball pitchers. ] Orthop Sports Phys Ther 2022;52:630-
40. https://doi.org/10.2519/jospt.2022.11072.

Solomito M]J, Ferreira JV, Nissen CW. Biomechanical differences between left-
and right-handed baseball pitchers. Sports Biomech 2017;16:143-51. https://
doi.org/10.1080/14763141.2016.1186725.

Swart E, Redler L, Fabricant PD, Mandelbaum BR, Ahmad CS, Wang YC. Pre-
vention and screening programs for anterior cruciate ligament injuries in

302

56.

57.

58.

59.

60.

61.

62.

63.

64.

JSES Reviews, Reports, and Techniques 3 (2023) 295—302

young athletes: a cost-effectiveness analysis. ] Bone Joint Surg 2014;96:705.
https://doi.org/10.2106/JBJS.M.00560.

Tierney N, Cook D, McBain M. Naniar: data structures, summaries, and visu-
alizations for missing data. R Package 2019.

Tyler TF, Roy T, Nicholas SJ, Gleim GW. Reliability and validity of a new method
of measuring posterior shoulder tightness. ] Orthop Sports Phys Ther 1999;29:
262-9.

Walker H, Pizzari T, Wajswelner H, Blanch P, Schwab L, Bennell K, et al. The
reliability of shoulder range of motion measures in competitive swimmers.
Phys Ther Sport 2016;21:26-30. https://doi.org/10.1016/j.ptsp.2016.03.002.
Werner SL, Murray TA, Hawkins RJ, Gill TJ. Relationship between throwing
mechanics and elbow valgus in professional baseball pitchers. ] Shoulder Elbow
Surg 2002;11:151-5. https://doi.org/10.1067/mse.2002.121481.

Wilk KE, Macrina LC, Fleisig GS, Aune KT, Porterfield RA, Harker P, et al. Deficits
in glenohumeral passive range of motion increase risk of shoulder injury in
professional baseball pitchers: a prospective study. Am ] Sports Med 2015;43:
2379-85. https://doi.org/10.1177/0363546515594380.

Wilk KE, Macrina LC, Fleisig GS, Aune KT, Porterfield RA, Harker P, et al. Deficits
in glenohumeral passive range of motion increase risk of elbow injury in
professional baseball pitchers: a prospective study. Am ] Sports Med 2014;42:
2075-81. https://doi.org/10.1177/0363546514538391.

Wilk KE, Yenchak A, Arrigo CA, Andrews JR. The advanced throwers ten ex-
ercise program: a new exercise series for enhanced dynamic shoulder control
in the overhead throwing athlete. Phys Sportmed 2011;39:90-7. https://
doi.org/10.3810/psm.2011.11.1943.

Wyland DJ, Pill SG, Shanley E, Clark JC, Hawkins R], Noonan TJ, et al. Bony
adaptation of the proximal humerus and glenoid correlate within the throwing
shoulder of professional baseball pitchers. Am ] Sports Med 2012;40:1858-62.
https://doi.org/10.1177/0363546512452720.

Wymore L, Chin P, Geary C, Carolan G, Keefe D, Hoenecke H, et al. Performance
and injury characteristics of pitchers entering the Major League Baseball draft
after ulnar collateral ligament reconstruction. Am ] Sports Med 2016;44:3165-
70. https://doi.org/10.1177/0363546516659305.


https://doi.org/10.1186/s13102-017-0083-z
https://doi.org/10.1177/0363546517738003
https://doi.org/10.1177/0363546517738003
https://doi.org/10.1016/j.jse.2018.07.013
https://doi.org/10.1016/j.jse.2018.07.013
https://doi.org/10.1016/j.ptsp.2015.02.002
https://doi.org/10.1016/j.ptsp.2015.02.002
https://doi.org/10.1016/j.jse.2015.03.012
https://doi.org/10.1177/0363546511408876
https://doi.org/10.2519/jospt.2022.11072
https://doi.org/10.1080/14763141.2016.1186725
https://doi.org/10.1080/14763141.2016.1186725
https://doi.org/10.2106/JBJS.M.00560
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref56
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref56
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref57
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref57
http://refhub.elsevier.com/S2666-6391(23)00039-1/sref57
https://doi.org/10.1016/j.ptsp.2016.03.002
https://doi.org/10.1067/mse.2002.121481
https://doi.org/10.1177/0363546515594380
https://doi.org/10.1177/0363546514538391
https://doi.org/10.3810/psm.2011.11.1943
https://doi.org/10.3810/psm.2011.11.1943
https://doi.org/10.1177/0363546512452720
https://doi.org/10.1177/0363546516659305

	Organizational risk profiling and education associated with reduction in professional pitching arm injuries: a natural expe ...
	Materials and methods
	Procedure
	Participants

	Physical testing
	Shoulder external and internal rotation range of motion
	Horizontal adduction
	Humeral torsion
	Exposure definition
	Seasonal pitch load and number of pitching appearances
	Injury definition
	Injury risk profiling and education
	Data reduction
	Statistical analyses

	Results
	Participant characteristics
	Injury risk profiling
	Interrupted time series
	Individual body region analyses

	Discussion
	Strengths
	Potential limitations
	Future research

	Conclusions
	Disclaimers:
	Supplementary data
	References


