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rotational motions and anatomic HRT, which was used to quantify rHRT. rHRT was then used
to calculate HRT-corrected GER and HRT-corrected GIR. Outcomes were compared between
groups using multivariate analysis of covariance, controlling for baseline cohort differences.
Results: Results indicated no significant multivariate effects of cohort, body mass index, or
level of competition on HRT-corrected GER or GIR (all Pillai's Trace P > .05, partial
n? < 0.019). Adjusted estimated marginal means for HRT-corrected GER were —9.99°
(standard error [SE] = 2.51) for the MUCL cohort and —5.45° (SE = 2.51) for the uninjured
cohort; for HRT-corrected GIR, they were 5.01° (SE = 2.46) and 2.21° (SE = 2.46), respectively.
Conclusion: HRT-corrected GER deficits are more prevalent than HRT-corrected GIR deficits
in both cohorts. These findings continue to highlight the importance of accounting for
osseous adaptations in range of motion measurements, as GIR deficit is not as common as
previously thought.

Level of evidence: Level III; Retrospective Case Control Comparison; Prognosis Study

© 2025 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow
Surgeons. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Elbow pathology is prevalent in the baseball athlete.”
Researchers have consistently found that the medial elbow is
most commonly injured across different levels of play, with
injuries to the medial ulnar collateral ligament (MUCL) being the
primary source of athletic disability.”**** The extreme valgus
forces that occur at the medial elbow during the late cocking
phase of throwing predisposes baseball players to medial-sided
instability and MUCL pathology.'® This injury has specifically
impacted the collegiate athlete,** with MUCL reconstruction
rising as much as 193% in the past 20 years, with significant in-
creases in players aged 17-18 and 19-20 years.” Resultantly, re-
searchers have sought to identify risk factors for MUCL
pathology to help mitigate time-loss injuries and preserve player
function.

An abundance of modifiable and nonmodifiable risk factors
have been demonstrated to have a potential impact on injury
development to the MUCL. Modifiable risk factors across varying
levels of play include, but are not limited, to pitch count,>***°?
pitch velocity,>'*??”>*  glenohumeral range of motion
(ROM),"**°?°% and external rotation (ER)**° and internal rotation
(IR) shoulder strength.?>?® Of these factors, glenohumeral rota-
tional motion consistently continues to be discussed in the
literature in regards to its relationship with MUCL injury devel-
opment. Baseball players with an MUCL tear have also been
found to have significant deficits in ROM at the shoulder."*> For
example, MUCL-injured players have 6° less of total shoulder
rotational motion on the throwing arm when compared to an
age matched healthy cohort, indicating less combined ER and IR
on the throwing arm.’® Similarly, a deficit in total shoulder
rotation on the throwing arm increases the risk of elbow injury.>®
Greater shoulder IR ROM on the nonthrowing arm when
compared to the throwing arm has been shown to be a risk factor
for medial elbow instability and arm injuries.'>** However, these
ROM risk factors do not account for osseous adaptations.

Humeral torsion describes the twist of the humerus and is
defined as the angular difference between the orientation of
the axis of the proximal humeral head and the epicondylar
axis at the distal humerus.'>*° Anatomic humeral retrotorsion
(aHRT) refers to the posteromedial orientation of the humeral

head axis with respect to the distal humeral epicondylar
axis.’” A recent meta-analysis assessing risk factors for MUCL
injuries found that players who have a large side-to-side dif-
ference in aHRT (defined in this study as relative humeral
retrotorsion [rHRT]) were more likely to sustain an MUCL
injury when compared to healthy controls.®® As such, it is
imperative to account for rHRT when assessing glenohumeral
rotational ROM. It has been shown that players exhibit a shift
in rotational ROM when accounting for rHRT in both unin-
jured and injured baseball cohorts.”***3° More specifically,
glenohumeral ER (GER) deficits are more common than
glenohumeral IR (GIR) deficits within the context of
rHRT.»***3° To date, no study has investigated shoulder
motion within the context of rHRT in an MUCL-injured cohort
simultaneously with uninjured matched controls.

Therefore, the purpose of this study was to determine if
differences exist in HRT-corrected rotational motion between
MUCL-injured and uninjured college baseball players. It was
hypothesized that there would be significant differences in
HRT-corrected rotational motion between MUCL-injured and
uninjured college baseball players. More specifically, it was
expected that there would be more ER loss in MUCL-injured
baseball players when compared to an uninjured cohort.

Materials and methods
Study design

Data for this study was retrospectively pulled from a single
surgeon database within a multisurgeon prospective clinical
data registry. Prospective data collection started 10 March,
2022, and is currently ongoing. To answer these specific
research questions data were exported on 4 February, 2025. All
data were collected using REDCap (Research Electronic Data
Capture; Vanderbilt University, Nashville, TN, USA) electronic
data capture tool. REDCap is a secure, web-based software
platform designed to support data capture for research
studies, providing (1) an intuitive interface for validated data


http://creativecommons.org/licenses/by%2Dnc%2Dnd/4.0/
http://creativecommons.org/licenses/by%2Dnc%2Dnd/4.0/
https://doi.org/10.1016/j.jseint.2025.10.001

JSES INTERNATIONAL 10 (2026) 101398 3

capture; (2) audit trails for tracking data manipulation and
export procedures; (3) automated export procedures for
seamless data downloads to common statistical packages;
and (4) procedures for data integration and interoperability
with external source.””?* All baseball players, despite injury
status, read and signed an electronic informed consent form
prior to enrollment in the study that was approved by The
University of Texas Health Science Center at Houston.”"

Participants

Baseball players with a diagnosed MUCL injury were matched
by position, throwing arm, total years of baseball participation
(within 3 years), year in school (within 1 year), and age at
enrollment to players without an MUCL injury. All MUCL-
injured baseball player data were collected at an outpatient
sports medicine therapy clinic prior to a clinical evaluation
with a board-certified, fellowship trained orthopedic surgeon
(JEC). The diagnosis of an MUCL injury was based upon clinical
examination by JEC and magnetic resonance imaging results.
The control group (uninjured group) was recruited from 2 local
National Collegiate Athletic Association (NCAA) Division I and
Il baseball programs. All uninjured player data were collected
within the baseball training facility of each respective
university.

Inclusion criteria for the MUCL-injured group were as follows:
(1) clinical examination results were positive for MUCL injury, (2)
competition at a college baseball program (NCAA-affiliated uni-
versity, junior college, or National Association of Intercollegiate
Athletics—affiliated university), (3) unable to participate in
baseball with a primary complaint of elbow pain on the throwing
arm, and (4) the injured arm was the same as the throwing arm.
MUCL-injured players were excluded from the study if (1) there
was a report of bilateral elbow pain or (2) there was a reported
history of shoulder pathology on the injured arm within the last
6 months. To be included in the uninjured control cohort, players
had (1) to compete in college baseball at the NCAA-affiliated
university, (2) no history of elbow or shoulder injury in the pre-
vious 6 months that restricted athletic participation in all team
activities at the time of testing, (3) no current shoulder or elbow
injury or pain that limited restricted participation in all team
activities at the time of testing, and 4) a documented Kerlan-Jobe
Orthopaedic Clinic (KJOC) Score of > 79.° Studies using the KJOC
in the assessment of uninjured baseball athletes have docu-
mented scores ranging between 90 and 95.'>""-*° However, there
is no true consensus on normative KJOC scores in an uninjured
collegiate population, as other studies have shown mean scores
of 87 and 81 in asymptomatic baseball athletes.®** Therefore, a
minimum KJOC score of 80 was used for screening eligibility for
participation in this study.

Procedures

Demographic data, glenohumeral rotational ROM, and aHRT
were collected using the same procedures for both cohorts.
GIR and GER, and aHRT were collected by 2 examiners. Prior to
data collection, intra-rater and inter-rater reliability for each
of the measures were established.

Figure 1 — Measurement of (A) objective glenohumeral
internal rotation and (B) objective glenohumeral external
rotation.

Objective glenohumeral internal and external rotation range
of motion

Objective GIR and GER motion were assessed passively on
both arms utilizing a digital inclinometer, as similarly
described by Wilk et al.>® Participants were positioned supine
on a treatment table in a hook-lying position with the legs
positioned on a bolster to maintain a neutral alignment of the
lumbar spine. A towel roll was placed under the participant's
humerus to maintain scapular position in the coronal plane
for standardization of testing. Examiner 1 stood at the head of
the participant while moving the arm into 90° of shoulder
abduction and 90° of elbow flexion while stabilizing the
scapula. The scapula was stabilized by grasping the coracoid
process anteriorly and the spine of the scapula posteriorly for
both GIR and GER. Examiner 1 determined GIR and GER motion
as the first point of scapular movement, and examiner 2 uti-
lized a digital inclinometer to document the ROM. Examiner 2
aligned the inclinometer just below the shaft of the ulna and
recorded the degrees of inclination. The digital inclinometer
was zeroed to the vertical plane prior to the measurement.
The recorded value in degrees represented the participants
objective GIR and GER motion. For each participant, GER was
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Figure 2 — Measurement of (A) anatomic humeral
retrotorsion using a linear ultrasound probe placed over the
anterior shoulder and (B) visualization of the deepest portion
of the bicipital groove while the lesser and greater tubercle
remain parallel.

measured first, followed by GIR. Each motion was measured
twice and the mean of the 2 values were used for final analysis
(Fig. 1). If there was a wide discrepancy in the 2 measures
(> 3°), a third measurement was performed to ensure consis-
tency, and the average of the closet 2 trials were used for
analysis. Reliability for the 2 examiners were assessed using
Intraclass Correlation Coefficients (ICC,,) with 95% confi-
dence intervals (CIs) and standard error of measure (SEM).
Examiner 1 intra-rater reliability results for objective GIR were
ICC,; = 0.93, 95% CI [0.82-0.98], SEM = 2.32°, and for objective
GER were ICC,; = 0.90, 95% CI [0.70-0.97], SEM = 2.54°.
Examiner 2 intra-rater reliability results for objective GIR
ICC,1 = 0.87,95% CI [0.64-0.95], SEM = 2.82°, and for objective
GER were ICC,; = 0.84, 95% CI [0.56-0.95], SEM = 2.81°. Inter-
rater reliability values for objective GIR were ICC,; = 0.96,
95% CI [0.81-0.99], SEM = 1.05°, and for objective GER were
ICC,,1 = 0.96, 95% CI [0.86-0.99], SEM = 1.30°.

Table I — Calculations for rotational motion and humeral
retrotorsion metrics.

Outcome measures Calculations

MUCL-injured cohort
Objective glenohumeral internal Injured arm GIR motion -
rotation (GIR) motion noninjured arm GIR motion
difference
Objective glenohumeral external Injured arm GER motion -
rotation (GER) motion noninjured arm GER motion

difference
Total range of motion (TROM) Injured arm TROM -
difference noninjured arm TROM
Relative humeral retrotorsion Injured aHRT - noninjured
(tHRT) aHRT

Uninjured cohort
Objective glenohumeral internal Throwing arm GIR motion -
rotation (GIR) motion nonthrowing arm GIR
difference motion
Objective glenohumeral external Throwing arm GER motion -
rotation (GER) motion nonthrowing arm GER

difference motion
Total range of motion (TROM) Throwing arm TROM -
difference nonthrowing arm TROM
Relative humeral retrotorsion Throwing aHRT -
(rHRT) nonthrowing aHRT

All cohorts
Total range of motion
HRT-corrected glenohumeral
internal rotation (GIR)
HRT-corrected glenohumeral
external rotation (GER)

GER ROM + GIR ROM
GIR motion difference - rHRT

GER motion difference + rHRT

aHRT, anatomic humeral retrotorsion; MUCL, medial ulnar collat-
eral ligament.

Anatomic humeral retrotorsion

Anatomic HRT was assessed utilizing an indirect ultrasono-
graphic technique that has been described®” and validated by
previous researchers.” Each player was positioned supine in
hook lying on a standard treatment table with the legs posi-
tioned onto a bolster. Ultrasound gel (Cardinal Health, Dublin,
OH, USA) was placed on a straight Matrix Linear 16-15 probe
connected to the Venue Go R3 (GE HealthCare, Chicago, IL, USA)
ultrasound machine. Examiner 1 placed the participant's
shoulder in 90° of abduction with the elbow in 90° of flexion and
neutral rotation and placed the probe over the anterior aspect
of the participant's glenohumeral joint. A rolled towel was
placed under the participant's humerus to maintain the scapula
in the coronal plane. The probe was aligned perpendicular to
the long axis of the humerus in the frontal plane. With the
probe level (as designated by a bubble level on the face of the
probe), examiner 1 rotated the humerus until the deepest part
of bicipital groove was visualized and the apexes of the greater
and lesser tubercles were parallel to the horizontal plane
(Fig. 2). Examiner 2 then placed the digital inclinometer just
below the shaft of the ulna to record the degrees of inclination.
The digital inclinometer was zeroed to the vertical plane prior
to the measurement. This process was repeated twice on both
arms. The mean of the 2 values were used for final analysis; a
third measure was performed if there was a wide discrepancy
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Table II — Demographic characteristics for both the
MUCL-injured and uninjured cohorts.

Table III — Glenohumeral range of motion differences and
HRT data for the MUCL-injured and uninjured cohorts.

MUCL cohort  Uninjured cohort P value MUCL-injured Uninjured
n=35 n =35 cohort cohort
Age, yr 202+14 198 +1.2 .15 GER motion difference 9+ 8° 12° + 10°
Height, cm’ 184.5 + 6.6 187.0 £ 5.7 .04 GIR motion difference —14° + & -16° + 9°
Weight, kg 90.8 + 9.6 89.8+7.6 .64 TROM difference —4° +11° —4° +11°
Body mass index,” 26.7 +2.2 256+ 2.1 .03 Humeral retrotorsion values
kg/m? aHRT: throwing arm 14° + 11° 13° £ 8°
Years of baseball 151+23 147 +23 41 aHRT: nonthrowing arm 32° +10° 31° + 12°
participation rHRT —18° + 9° —18° + 10°
Koc s::ore . 04+17.8 91+57 <.001 GER, glenohumeral external rotation; GIR, glenohumeral internal
Th;f‘zing oo - 31 £ rotation; TROM, total range of motion; aHRT, anatomic humeral
g retrotorsion; rHRT, relative humeral retrotorsion, MUCL, medial
Left 4 4 q
" ulnar collateral ligament.
Pli}i’fclz?SItlon o e 1.00 Data are presented as means + standard deviations.
Nonpitcher . 19 Thel.re was no signiﬁcant. differences between any of the range of
L. motion values presented in this table between the 2 cohorts (P > .05).
Level of competition <.001
Division I 12 35
Division II 3 0
Division III 8 0
NAIA/junior college 12 0 tested using an independent t-test, while nominal data were

Yr, years; cm, centimeters; kg, kilograms; m, meter; KJOC, Kerlan-
Jobe Orthopeadic Clinic Score; NAIA, National Association of
Intercollegiate Athletics; MUCL, medial ulnar collateral ligament.
Continuous data are presented as means + standard deviations
while dichotomous variables are presented as counts.

" Denotes demographic differences between the groups.

(> 3°) between the first 2 measures. Reliability for the 2 exam-
iners were assessed using ICC,; with 95% CIs and SEM.
Examiner 1 intra-rater reliability results for aHRT was ICC, ;-
= 0.93, 95% CI [0.76-0.98], SEM = 2.15°. Examiner 2 intra-rater
reliability results for aHRT was ICC,; = 0.91, 95% CI [0.72-
0.97], SEM = 2.08°. Inter-rater reliability values for aHRT was
ICC,,; = 0.94, 95% CI [0.85-0.97], SEM = 1.96°.

Data reduction

The raw data collected from both the objective rotational
measures and aHRT were reduced. Calculations utilized in
this study are described in Table I. This method is a data
reduction technique to indicate the direction of motion loss in
the context of rHRT. This data reduction technique does not
result in a causal adjustment. It is important to note that the
injured arm always represents the throwing arm in this study.
When interpreting rHRT, a negative number indicates more
aHRT on the injured (throwing arm) when compared to the
noninjured (nonthrowing arm). In the case of uninjured ath-
letes, aHRT was always assessed as the throwing arm (defined
as the dominant arm) minus the nonthrowing arm
(nondominant arm). In addition, when interpreting the HRT-
corrected GIR and GER deficit, a negative number indicates a
deficit, while a positive number indicates a gain in motion on
the injured arm.

Statistical analysis

Baseline group demographics were compared to determine
the similarities between the 2 groups. Continuous data were

tested using a chi-square analysis. To test the main hypoth-
esis of this study, we utilized a multivariate analysis of
covariance (MANCOVA). The independent variables in this
study were group allocation: MUCL-injured and uninjured
cohorts. The dependent variables consisted of 2 motion
measures: HRT-corrected GIR and GER. Body mass index (BMI)
and level of competition (dummy coded as D1_dummy,
D2_dummy, and D3_dummy, with NAIA/junior college as the
reference) were included as covariates. Assumptions for
MANCOVA were evaluated as follows: equality of covariance
matrices was assessed using Box's M test (MANOVA without
covariates), and equality of error variances for each depen-
dent variable was assessed using Levene's test. Multivariate
normality was evaluated via inspection of residuals. Follow-
up univariate tests of between-subjects effects were con-
ducted to determine which dependent variables contributed
to significant multivariate effects. Partial eta squared (n?) was
reported as a measure of effect size using Cohen's conventions
for interpretation: 0.2 for small, 0.5- 0.7 for moderate, and 0.8-
1.0 for large changes.® All analyses were performed using
available data; no imputation was conducted for missing
values. Statistical significance was set at o = 0.05. All data
were analyzed using statistical package SPSS, version 29 (IBM
Corp., Armonk, NY, USA).

Results

Equality of covariance matrices indicated no significant dif-
ferences in the covariance matrices across cohorts (P > .05),
supporting the assumption of homogeneity of covariance
matrices. Levene's test indicated that equality of error vari-
ances for both dependent variables were met (P > .05).
Participant baseline demographics are presented in Table II.
Glenohumeral ROM and HRT data are presented in Table III. A
total of 70 collegiate baseball players (35 MUCL-injured, 35
uninjured) were included in this study. One player in the
MUCL group was missing data for KJOC score at evaluation.
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Figure 3 — A jitter plot representing no differences in HRT-corrected GER in degrees between an MUCL-injured and uninjured
cohort for each of the 70 included baseball players. The shaded green represents a clinical threshold of < —7 and > 7 that
represents HRT-corrected GER that is considered within normal limits as based off the clinical expertise of the authors. HRT,
humeral retrotorsion; GER, glenohumeral external rotation; MUCL, medial ulnar collateral ligament.

Three players in the uninjured group were missing BMI at
evaluation and were excluded from the analysis because BMI
was used as a covariate. This also resulted in the removal of
their 3 matched players from the MUCL cohort. Both cohorts
were similar in baseline demographics (P > .05), except for
height, BMI, KJOC score, and level of competition. Although
both height and BMI differed significantly between the co-
horts, BMI was selected as the covariate as it captures both
weight and height in a single standardized measure of body
size. Including both BMI and height would introduce redun-
dancy and collinearity. The MUCL-injured cohort scored 44.7
points lower on the KJOC compared to the uninjured cohort
(P < .001). There were no differences between age, weight,
throwing limb dominance, player position, and year in sport
between the 2 groups (P > .05). The MANCOVA indicated no
significant multivariate effects of BMI, level of competition, or
cohort on the combined outcomes of HRT-corrected GER and
HRT-corrected GIR (all Pillai's Trace P > .05, partial n? < 0.019).
Given the nonsignificant multivariate results and minimal
effect sizes, the univariate tests of between-subjects effects
were not interpreted. Estimated marginal means, adjusted for
BMI, and level of competition for HRT-corrected GER in the
MUCL cohort was —9.99° (SE = 2.51; 95% CI: —15.02, —4.96) and
—5.45° (SE = 2.51; 95% CI: —10.48, —0.42) for the uninjured
cohort. Estimated marginal means, adjusted for BMI, and level
of competition for HRT-corrected GIR in the MUCL cohort was
5.01° (SE = 2.46; 95% CI: 0.09, 9.94) and 2.21° (SE = 2.46; 95% CI:
—2.71, 7.14) for the uninjured cohort. Figs. 3 and 4 depict the
distribution of the data when considering HRT-corrected GER
and GIR scores for each of the 70 college baseball players in
each of the 2 cohorts.

Discussion

After accounting for BMI and level of competition, cohort
membership (MUCL-injured vs. uninjured) was not signifi-
cantly related to HRT-corrected motion. We have failed to
reject the null hypothesis, as there were no significant group
differences between the MUCL-injured and uninjured college
baseball cohorts. The lack of significant differences between
cohorts may reflect the homogeneity of collegiate-level base-
ball players in terms of training exposure, as well as the use of
HRT-corrected measures, which minimize variability from
osseous adaptation and may reduce between-group differ-
ences. Deficits in GER, as opposed to GIR when correcting for
HRT in both injured and uninjured college baseball players are
present, with average symmetrical total ROM differences in
both cohorts. The findings of this paper align with previously
published literature, as HRT-corrected GER deficits are present
in both injured and uninjured baseball players.'***° These
findings should challenge researchers and clinicians to
consider that the widely accepted risk factor of GIR differences
in the baseball athlete might not be as prevalent as we once
thought. In addition, since HRT-corrected GER deficit are
present in both injured MUCL and uninjured baseball players,
attention should be placed on identifying risk profiles
including both subjective and objective information for these
athletes instead of a single risk factor, as sustaining an injury
is a multifactorial process.”*’

Normal adaptations on the throwing arm in baseball
players include increased GER with a decrease in GIR when
compared to the nonthrowing arm.”* One plausible
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Figure 4 — A jitter plot representing no differences in HRT-corrected GIR in degrees between an MUCL-injured and uninjured
cohort for each of the 70 included baseball players. The shaded green represents a clinical threshold of < —7 and > 7 that
represents HRT-corrected GIR that is considered within normal limits as based off the clinical expertise of the authors. HRT,
humeral retrotorsion; GIR, glenohumeral internal rotation; MUCL, medial ulnar collateral ligament.

contribution for these adaptations is the osseous changes that
occur to the humerus as a result of throwing.>® It is well
documented that aHRT is greater on the throwing arm when
compared to the nonthrowing arm in baseball players, with a
difference of anywhere between 10° and 20° between arms.*">°
As such, an effort has been made to account for rHRT when
quantifying deficits in rotational glenohumeral ROM. In a
clinical scenario, when not accounting for rHRT, clinicians will
typically observe GIR differences in both an MUCL-injured and
uninjured baseball cohort. However, research has shown that
up to 65% of GIR on the throwing arm is explained by aHRT,*
posing an explanation for observed GIR differences in baseball
players between the throwing and nonthrowing arms.***%*
When accounting for aHRT, a shift in motion becomes present
where deficits in GER are more common as opposed to GIR. To
further support this notion, a recent systematic review
demonstrated soft tissue restrictions in GER are more
commonly observed when accounting for rHRT.*® Previous
reports have suggested that GIR differences can increase injury
risk when those differences range between —13° and —25°
depending on the baseball athlete's level of play.****°* Inter-
estingly, in this study, when motion is interpreted within the
context of rHRT, 87% of the injured cohort and 89% of the un-
injured cohort did not have a GIR difference (or classically
known as GIRD). As a result, clinicians must consider rHRT
when managing both injured and uninjured baseball athletes
to adequately determine the directionality of glenohumeral
rotational motion loss.

The authors of this study would like to highlight an
important note that retrotorsion does not explain a 1:1 ratio
for motion?; thatis to say, in no scenarios should clinicians

expect a perfect 1° increase in GER and a 1° decrease in GIR
for every 1° increase of rHRT. The data reduction technique
used in our study simply implies the directionality in which
motion loss is occurring, and the end goal should be to
address this directional motion loss to restore total arc of
motion within 5°.°

ROM has been a heavily discussed topic in the baseball
athlete for the past 3 decades with aHRT making an entrance
within the early 2000s. This study was unable to define a
threshold for pathological HRT-corrected GER and GIR, spe-
cifically in collegiate baseball athletes with MUCL injuries, as
no differences were observed between groups. This is not to
say that ROM is not as important as once thought in these 2
cohorts of athletes, but instead lends researchers and clini-
cians to consider a combination of factors in order to better
understand injury risk and mitigation. Injury risk mitigation
requires a clinical decision-making process encompassing a
complex, multifactorial system.” In conjunction with tradi-
tional monitoring of clinical objective measures, the integra-
tion of subjective outcomes reporting and playing level-
specific education regarding participation and throwing
volume may also be appropriate, as athletes are seen as a
complex adaptive system.? For example, in a study by Bullock
et al organizational risk profiling and education appear to
decrease short-term professional pitching-related injury risk
by 33-38%.> Similarly, Stern et al describes an athlete's resis-
tance to injury as a nonlinear dynamic system. This system
has 2 coexisting states in which an athlete is either healthy or
injured, with a dangerous point between the 2 states that can
quickly send a healthy athlete into an injured state. Within
this system, an athlete has determinants of health that may
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drive injury risk, such as motion, strength, load, fear, coping
skills, self-efficacy, stress, and other psychosocial factors.*
Because of this dynamic system and the ever-changing
physical and psychological profiles an athlete endures over
the course of a season, risk factors that are typically used prior
to a season do not fully demonstrate how an athlete may
change over the course of a season, both subjectively and
objectively. Therefore, it is imperative to focus on broader
sampling and serial testing of both subjective and objective
testing over time, in order to fully understand the dynamic
changes that an athlete may experience and understand how
to clinically manage that athlete.***’

It is important to note the limitations of this study. First,
this study investigated college baseball players. As such, the
outcomes of this study may differ by level of play. These data
should not be generalized across different levels of play and
even diagnosis when investigating the association between
HRT-corrected rotational motion deficits and the presence of
injury. Second, left-handed throwers were included in this
study. It should be noted that left-handed throwers tend to
have smaller rHRT than their right-handed throwing coun-
terparts.*® The inclusion of left-handed throwers could alter
the rHRT differences calculated, and in turn, alter the HRT-
corrected ROM measures. The equal distribution of left- and
right-handed throwers per group should mitigate this effect
through equal distribution. Third, our approach to accounting
for humeral retroversion indicates the direction of motion loss
rather than quantifying exact anatomical changes and does
not assume a 1:1 relationship between torsion and ROM.
Consequently, the results should be interpreted as patterns of
motion limitation rather than precise casual biomechanical
corrections. Fourth, a formal a priori power analysis was not
performed for the current analytic design, which limits our
ability to determine whether nonsignificant findings reflect
true absence of effect vs. insufficient sample size. Finally,
while the authors were able to match the groups we were
unable to match by level of competition within collegiate
baseball. Control participants were drawn from a single
geographic region for convenience, whereas cases came from
a broader area, which may introduce selection bias and limit
generalizability. Future studies should consider matching
controls by college or conference to better account for regional
and competition-level differences. It is currently unknown
whether or not HRT-corrected motion differs between level of
play in collegiate baseball.

Conclusion

MUCL-injured and wuninjured collegiate baseball players
demonstrate more aHRT on the throwing arm when compared
to the nonthrowing arm, and HRT-corrected GER deficits are
more prevalent than HRT-corrected GIR deficits. These findings
are in contrast to previous literature that does not take into ac-
count rHRT'»%%>°% however, researchers that have accounted
for rHRT in their soft tissue motion have reported similar find-
ings regarding HRT-corrected GER deficits.**** The study
highlights the importance of considering osseous adaptations
when examining rotational ROM in all baseball athletes, despite

injury status. Since HRT-corrected GER deficits occur in both
injured and uninjured cohorts, a comprehensive injury risk
mitigation profile, incorporating multiple evidence-informed
metrics, is warranted in the care of baseball athletes.
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