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Preseason screening of shoulder range of motion
and humeral retrotorsion does not predict injury
in high school baseball players
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Background: Shoulder and elbow injuries are commonplace in high school baseball. Although altered shoul-
der range of motion (ROM) and humeral retrotorsion angles have been associated with injuries, the efficacy
of preseason screening of these characteristics remains controversial.
Methods: We conducted preseason screenings for shoulder internal and external rotation ROM and humeral
retrotorsion on 832 high school baseball players and tracked their exposure and incidence on throwing-
related shoulder and elbow injuries during a subsequent season. Poisson regression with robust error variance
was used to determine whether preseason screening could identify injury risk in baseball players and whether
the injury risk was higher for pitchers compared with players who do not pitch.
Results: Shoulder rotation ROM or humeral retrotorsion at preseason did not predict the risk of throwing-
related upper extremity injury (P = .15-.89). Injury risk was 3.84 higher for baseball players who pitched
compared with those who did not (95% confidence interval, 1.72-8.56; P = .001).
Discussion: Preseason measures of shoulder ROM and humeral retrotorsion may not be effective in iden-
tifying players who are at increased injury risk. Because shoulder ROM is a measure that fluctuates under
a variety of influences, future study should investigate whether taking multiple measurements during a
season can identify at-risk players. The usefulness of preseason screening may also depend on rigor of
participation in sports. Future studies should investigate how preseason shoulder characteristics and par-
ticipation factors (ie, pitch count and frequency, competitive level, pitching in multiple leagues) interact
to predict injury risk in baseball players.
Level of evidence: Level I; Prospective Design; Prognosis Study
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Throwing-related upper extremity injuries comprise a large
portion of all injuries occurring in baseball, making them com-
monplace among competitive baseball players.4,10,13,14,16-18,27,31,38,39

Alternations in shoulder range of motion (ROM) have
been long considered a contributing factor to these

The University of North Carolina at Chapel Hill Institutional Review Board
approved this study (#09-1268).

*Reprint requests: Sakiko Oyama, PhD, ATC, Department of Kinesiology,
Health, and Nutrition, University of Texas at San Antonio, One UTSA Circle,
MB3.416, San Antonio, TX 78249, USA.

E-mail address: sakiko.oyama@utsa.edu (S. Oyama).

www.elsevier.com/locate/ymse

ARTICLE IN PRESS

1058-2746/$ - see front matter © 2017 Journal of Shoulder and Elbow Surgery Board of Trustees. All rights reserved.
http://dx.doi.org/10.1016/j.jse.2017.03.038

J Shoulder Elbow Surg (2017) ■■, ■■–■■

mailto:sakiko.oyama@utsa.edu
http://www.elsevier.com/locate/YMSE


injuries,1,2,9,21,39,40,43,46,47 and significant emphasis is thus placed
on evaluating shoulder ROM characteristics by clinicians who
are working with baseball players. Specifically, glenohu-
meral internal rotation deficit (GIRD),5,9,21,37,39 adaptive gain
in external rotation ROM,46 and loss of total rotation
ROM9,35,39,47 and horizontal adduction ROM39 on the domi-
nant limb have been linked to throwing-related upper extremity
injuries. Humeral retrotorsion angle, which influences shoul-
der rotation ROM, has also been linked to injuries in some
studies.24,26,44,45

Although there is mounting evidence linking alterations
in shoulder ROM characteristics to injury,1,2,5,9,21,35,43 whether
screening of these characteristics in preseason can help iden-
tify baseball players with increased injury risk remains unclear.
The studies by Shanley et al37,39 indicated that greater loss
of total rotation ROM, deficit in horizontal adduction ROM,
and GIRD at preseason are associated with increased risk of
injury in high school baseball players. Contrarily, Tyler et al42

reported that having >20° GIRD at baseline was protective
of injury in a study of high school baseball players, and Wilk
et al46,47 reported GIRD was unrelated to injury risk in 2 studies
of professional baseball pitchers. Greater dominant-limb
humeral retrotorsion angle has been linked to lower risk of
shoulder injuries26 and few days lost from participation32 but
with greater risk of elbow injury26 in professional baseball
pitchers. In addition, decreased humeral retrotorsion angles
of the nondominant limb were also been linked to an in-
creased risk of throwing-related injuries among high school
and collegiate pitchers in a small prospective study.45

Because of the inconsistent findings from the previous
studies,37,39,42,46,47 whether preseason shoulder ROM charac-
teristics and humeral retrotorsion can predict in-season injury
risk remains inconclusive. Investigating whether the data col-
lected in preseason can predict injury risk during the season
is clinically meaningful, because it can help us determine how
to best use the clinical data. Therefore, the purpose of this
study was to prospectively evaluate whether the shoulder ROM
and humeral retrotorsion characteristics affect the risk of
throwing-related shoulder and elbow injuries that occur during
a baseball season in a large sample of high school baseball
players.

Materials and methods

Procedures

The current study included 832 junior varsity or varsity level male
baseball players (age, 16.4 ± 1.1 years; height, 179.9 ± 6.5 cm; mass,
77.5 ± 12.3 kg) who participated at one of 28 high schools from across
the state of North Carolina over 3 spring baseball seasons. Paren-
tal consent was obtained from all participants following the university
Institutional Review Board guideline, and assent was also ob-
tained from the minor participants on the day of testing.

All testing was conducted at an athletic training room, dugout,
or classroom at participating high schools. The preseason data
collections were completed at the beginning of the spring baseball

season, before the start of any competitions. At the beginning of
the testing session, each participant provided information on
amount of participation, current and past playing positions, and
brief throwing-related upper extremity injury history by complet-
ing a survey. After completing a survey, each player was asked to
lie supine on a portable treatment table for an assessment of
shoulder ROM (internal rotation, external rotation, and horizontal
adduction) using a digital inclinometer (The Saunders Group,
Inc., Chaska, MN, USA) and humeral retrotorsion using a digital
inclinometer and diagnostic ultrasonography. The methods used to
assess shoulder ROM were consistent with those that have been
used by clinicians and researchers. All measurements were taken
3 times bilaterally, and the average of the 3 trials was used for
statistical analysis.

The shoulder internal and external rotation ROM was assessed
with the participant’s arm placed in 90° of shoulder abduction and
elbow flexion (Fig. 1, A). A small towel roll was placed under the
humerus to maintain its position in the frontal plane. The examin-
er applied a posteriorly directed force at the acromion to stabilize
the scapula while passively rotating the limb into internal and ex-
ternal rotation to end range. The second examiner recorded the rotation
angles. A total rotation ROM was calculated by adding the inter-
nal and external rotation ROM. Reliability and precision of the
shoulder rotation ROM assessment had been established (intrasession
and intersession intraclass correlation coefficient2,k, 0.911-0.988; stan-
dard error of the mean, 1.2°-2.6°).21,23,25,28

To measure the horizontal adduction ROM, the examiner placed
1 hand under the scapula, while the participant lifted his shoulder
off the table (Fig. 1, B). The examiner pressed the palm against the
lateral border of the scapula to stabilize the scapula in a maximal-
ly retracted position before using the other hand to move the
participant’s arm into horizontal adduction. At the end range, the
second examiner recorded the angle formed between the humerus
and the horizontal plane. The investigators have previously estab-
lished the reliability (intraclass correlation coefficient2,k, 0.91),
precision (standard error of the mean, 1.1°), and construct validity
of this assessment method.25

Humeral retrotorsion was assessed using the technique previ-
ously validated against a measurement using a computed tomography
scan (Fig. 1, C).22,23,45,48 While the participant’s shoulder was placed
in 90° of shoulder abduction and elbow flexion, an examiner posi-
tioned a 4-cm linear array ultrasound transducer (LOGIQe; General
Electric, Milwaukee, WI, USA) on the participant’s anterior shoul-
der. The ultrasound transducer was aligned vertically (verified with
a bubble level) and positioned perpendicular to the long axis of the
humerus. The second examiner rotated the humerus so that the bi-
cipital groove appeared in the center of the ultrasound image, with
the line connecting the apexes of greater and lesser tubercles par-
allel to the horizontal plane, using a grid placed over the ultrasound
unit display as a guide. Once the humerus was positioned prop-
erly, a digital inclinometer, which was pressed firmly against the
ulna, was used to record the forearm inclination angle relative to
horizontal plane.

Side-to-side differences in internal rotation (GIRD), horizontal
adduction (horizontal adduction motion deficit), and total rotation
motion (total rotation motion deficit) were calculated by subtract-
ing the dominant limb values from the nondominant limb values.
Side-to-side difference in external rotation (external rotation gain)
and humeral retrotorsion (humeral retrotorsion difference) were cal-
culated by subtracting the nondominant limb values from the dominant
limb values.
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