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Background

Anatomic humeral retrotorsion (aHRT) influences objective measures of glenohumeral
external (GER) and internal rotation (GIR) range of motion (ROM) in baseball players.
Baseball players often display GER deficits within the context of aHRT; however, this has
yet to be studied in a softball population.

Hypothesis/Purpose: 1) To determine if there are differences in GER ROM, GIR ROM,
total range of motion (TROM), aHRT, relative humeral retrotorsion (rHRT), and
HRT-corrected motion between collegiate softball position players and pitchers, 2) to
determine if differences exist between GER and HRT-corrected GER and GIR and
HRT-corrected GIR in collegiate softball players, regardless of position.

Study Design

Retrospective Descriptive Study

Methods

Sixty-three healthy Division I softball players participated. Objective measures of GER,
GIR, and aHRT on the throwing arm and non-throwing were collected using a digital
inclinometer at various timepoints during the 2023-2024 seasons. TROM, rHRT, and
HRT-corrected motions were calculated from objective measurements on the throwing
arm and non-throwing arm. Independent t-tests were used to determine differences in
objective ROM and HRT measures between position. Paired t-tests were used to
determine differences between objective ROM and HRT-corrected ROM in both the
pitching and position player cohorts. Effect sizes were calculated.

Results

There were no significant differences in GER, GIR, TROM, aHRT, rHRT, HRT-corrected
GER, and HRT-corrected GIR by player position (p> 0.05). Effect sizes ranged from
-0.27-0.57. There were differences in position players between GER (5 + 8°) and
HRT-corrected GER (-11 * 14°) (p < 0.001) and GIR (-10 # 10°) and HRT-corrected GIR (6 =
12°) (p < 0.001). There were differences in pitchers between GER (1 * 8°) and
HRT-corrected GER (-11 # 11°) (p < 0.001) and GIR (-7 * 9°) and HRT-corrected GIR (5 =
10°) (p < 0.001).
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Conclusion

When glenohumeral ROM is interpreted within the context of rHRT, GIR deficits are not
common in softball players. Based on the current findings, it is imperative that rHRT be
assessed in all softball players as this information will aid in the identification of true

motion restrictions.

Level of Evidence
3

INTRODUCTION

Softball consistently ranks as the fourth highest National
Collegiate Athletic Association (NCAA) female sport by par-
ticipation, comprising over 9% of all NCAA female athletes.
Despite its growing popularity, there are wide-ranging gaps
in current softball literature, with studies most frequently
reporting solely on injury prevalence, and frequently draw-
ing comparisons between softball and baseball athletes.
With support from injury databases, researchers have gone
as far to summarize the overall injury rate in fast-pitch soft-
ball to be comparable to or exceed that in baseball.l In-
game injury exposure is higher in baseball athletes by a
difference of 1.48 injuries per athlete-exposure (AE); how-
ever in-practice injury exposure is higher in softball ath-
letes by a difference of 0.82 injuries per AE.23 Despite these
findings, modifiable and non modifiable injury risk factors,
such as measures of humeral retrotorsion (HRT), throw-
ing volume, strength, and range of motion, are less docu-
mented in softball literature when compared to the baseball
literature.

Glenohumeral range of motion (ROM) is a well-estab-
lished risk factor for upper extremity injury and has been
well investigated in baseball athletes. High school baseball
players with glenohumeral internal rotation (GIR) ROM dif-
ferences greater than 25° are at an increased risk of shoul-
der and elbow injury than similarly aged controls.* In-
creased injury risk also exists among baseball pitchers who
demonstrate insufficient glenohumeral external rotation
(GER) ROM on the throwing arm (<5°) when compared to
the non-throwing arm.> Comparatively, Shanley et al. dis-
covered that softball players with a >25° side to side GIR
difference did not suffer an upper extremity injury over the
course of a season.* However, to the authors knowledge,
Shanley et al. is the only study to investigate the rotational
motion and injury risk in softball athletes. Furthermore, the
aforementioned studies did not include softball pitchers, a
position that is required to throw both overhand and pitch
underhand, nor did they account for HRT and its influences
on glenohumeral rotational ROM.6-?

Researchers have aimed to determine the anatomical
adaptations that occur amongst softball players. Similar to
a baseball player, the throwing arm of a softball player ex-
hibits more GER ROM and less GIR ROM when compared to
the non-throwing arm.19 While the reduction in throwing
side GIR ROM may be less in softball players compared to
baseball players, obvious differences across ROM measures
still exist.10-12 Osseous changes to the humerus, such as
anatomic humeral retrotorsion (aHRT), is one potential ex-
planation for these throwing related adaptations. Anatomic

HRT refers to a posteromedial orientation of the humeral
head axis with respect to the distal humeral epicondylar
axis.13 In baseball players, there is more aHRT preserved
on the throwing arm when compared to the non-throwing
arm (the difference between throwing arm aHRT and the
non-throwing arm aHRT, which is defined as relative HRT
[rHRT]), however; limited studies have investigated these
adaptations in a softball population.”-1415 The greater an-
gle on the throwing arm between the proximal humeral
head and the distal epicondylar axis of the humerus allows
for more layback during the throwing motion, while natu-
rally diminishing the amount of internal rotation.16 Soft-
ball pitchers, however, perform both an underhand wind-
mill motion to pitch and an overhand motion to throw.
The difference in overhand throwing volume between soft-
ball position players and pitchers may lead to differences in
range of motion and humeral retrotorsion seen between the
positions. With this in mind, aHRT has been minimally in-
vestigated in softball pitchers.

Several studies have shown when glenohumeral ROM is
accounted for within the context of rHRT, a concept re-
ferred to as HRT-corrected motion, deficits in GIR are not
as common as once thought in baseball players.6-? In fact,
deficits in GER are more likely than GIR deficits in both
healthy and injured baseball players.6-9 Yet, it is unknown
if the same is true for softball players. Relative HRT is a cru-
cial measurement to obtain as it helps identify motion dif-
ferences and, in the presence of total rotational range of
motion (TROM) deficits, determines the direction in which
the deficit exists. Therefore, the purpose of this study is
twofold: 1) to determine if there are differences in GER
ROM, GIR ROM, TROM, aHRT, rHRT, and HRT-corrected
motion between collegiate softball position players and
pitchers, and 2) to determine if differences exist between
GER and HRT-corrected GER and GIR and HRT-corrected
GIR in collegiate softball players, regardless of position.
The first hypothesis was that there would be significant
differences in range of motion profiles between collegiate
softball position players and pitchers. The second hypoth-
esis was that there would be significant differences in GER
and HRT-corrected GER and GIR and HRT-corrected GIR be-
tween collegiate softball players, regardless of position.

METHODS

STUDY DESIGN

This study is a retrospective analysis of prospectively col-
lected data approved by The University of Texas Health Sci-
ence Center at Houston Institutional Review Board (IRB
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approval #: HSC-MH-22-0537) in which all college partici-
pants signed an informed consent form.!7 Player data were
collected at different timepoints throughout the season
with 15 players collected in 2023 (two during a spring pre-
season measurement in January of 2023, 11 during a mid-
season measurement in March of 2023, and two during a
fall preseason measurement in August and September of
2023) and 48 players in 2024 (18 during a spring presea-
son measurement in January of 2024, 11 during a midsea-
son measurement in March and May of 2024, nine during
a fall preseason measurement in August of 2024, and 10
during a fall postseason measurement in October of 2024).
The most recent data for each player was used for statis-
tical analysis. All data were collected within the softball
athletic training facility at the affiliated NCAA Universi-
ties. Data were collected using REDCap (Research Elec-
tronic Data Capture) electronic data capture tools hosted
by UTHealth’s School of Biomedical Informatics. REDCap is
a secure, web-based software platform designed to support
data capture for research studies, providing 1) an intuitive
interface for validated data capture; 2) audit trails for track-
ing 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.18:19

STUDY PARTICIPANTS

Softball players from two NCAA Division I softball pro-
grams participated in the testing sessions. Participant de-
mographics were collected via self-report (age, height,
weight, and throwing arm). Each participant self-reported
primary playing position as either pitcher or position
player. Participants were included in this study if they met
the following criteria: (1) between the ages of 18 and 24
years old, (2) no history of elbow or shoulder surgery in
the previous year that restricted athletic participation in all
team activities at the time of testing, and (3) no current
shoulder or elbow injury that limited or restricted partici-
pation in all team activities at the time of testing. Players
were excluded from the study if they were unable to partic-
ipate in all team activities due to an active, ongoing injury,
or had an injury to the non-throwing side shoulder or el-
bow. Individual injury and participation status were verified
with the team’s Athletic Trainer.

PROCEDURES

Objective measures of shoulder rotational ROM and aHRT
were collected during the years mentioned above. Measures
of GIR, GER, and aHRT were obtained by examiners with
combined experience evaluating overhead throwing ath-
letes of greater than 20 years. The examiners were not
blinded to the throwing arm in this study. Before data col-
lection, the intrarater and interrater reliability for each of
the three measurements were established. The intraclass
correlation coefficients (ICCs) with 95% confidence inter-
vals (CIs) and standard errors of measurement (SEMs) were
calculated for this study and are presented in Table 1.

OBJECTIVE ROTATIONAL MOTION

GER and GIR were assessed passively in each arm utilizing
a digital inclinometer (Performance Health, Warrenville, IL)
as previously described by Entler et al. (Figure 1).6 Partici-
pants were supine on a treatment table in a hook-lying po-
sition with their legs supported on a bolster. A rolled towel
was placed under the participants humerus to maintain
scapular positioning in the coronal plane for standardiza-
tion of testing. Examiner one stood at the head of the par-
ticipant while moving the arm into 90° of shoulder abduc-
tion and 90° of elbow flexion while stabilizing the scapula.
Scapular stabilization was achieved by grasping the cora-
coid process anteriorly and the spine of the scapula pos-
teriorly for both GER and GIR. Examiner one determined
the ROM for GER as the first point of resistance and GIR
at the first point of scapula movement. Examiner two uti-
lized a digital inclinometer to document the measurement,
aligning the inclinometer just under the shaft of the ulna.
Prior to the measurement, the inclinometer was zeroed to
the vertical plane. For each participant, GER was measured
first, followed by GIR. Each direction was measured twice
and the mean of the two values were used for final analysis.
If there was a wide discrepancy in the two measurements
(>3°), a third measurement was performed to ensure con-
sistency.

ANATOMIC HUMERAL RETROTORSION

Anatomic HRT was assessed utilizing an indirect ultrasono-
graphic technique descried and validated by previous re-
searchers (Figure 2).20 This indirect technique measures
aHRT by calculating the forearm inclination angle relative
to a standardized humeral position.2! Each participant was
placed supine in a hook-lying position on a standard treat-
ment table with the legs set on a bolster. Examiner one
placed the participants shoulder at 90° abduction with the
elbow at 90° flexion. A towel roll was placed under the par-
ticipants humerus to maintain scapular positioning in the
coronal plane. Ultrasound gel (Cardinal Health, Dublin, OH)
was placed on a straight ML 12-15 probe connected to a
Venue Go R3 (GE HealthCare, Chicago, IL) ultrasound ma-
chine. Examiner one positioned the probe over the anterior
aspect of the participants glenohumeral joint.6 The probe
was aligned perpendicular to the long axis of the humerus
in the frontal plane, and kept level as determined by a bub-
ble level on the face of the probe. Examiner one rotated the
humerus until the deepest part of the bicipital groove was
visualized and the apexes of the greater and lesser tuberosi-
ties were parallel to the horizontal plane (Figure 2). Ex-
aminer one then asked examiner two to pace the digital
inclinometer just below the shaft of the ulna and record
the degrees of inclination. The digital inclinometer was ze-
roed to the vertical plane prior to the measurements. This
process was repeated twice on both arms. The mean of the
two values was used for final analysis; a third measurement
was performed if there was a wide discrepancy (>3°) be-
tween the first two measurements.
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Table 1. Intra- and Inter-Rater Reliability for Objective Shoulder ROM Measures and aHRT

Measure Rater ICC(2,1) 95% Cl SEM (°)
Objective GIR Examiner 1 (Intra-rater) 0.93 0.82-0.98 2.32
Examiner 2 (Intra-rater) 0.87 0.64-0.95 2.82
Inter-rater 0.96 0.81-0.99 1.05
Objective GER Examiner 1 (Intra-rater) 0.90 0.70-0.97 2.54
Examiner 2 (Intra-rater) 0.84 0.56-0.95 2.81
Inter-rater 0.96 0.86-0.99 1.30
aHRT Examiner 1 (Intra-rater) 0.93 0.76-0.98 2.15
Examiner 2 (Intra-rater) 0.91 0.72-0.97 2.08
Inter-rater 0.94 0.85-0.97 1.96

ICC = intraclass correlation coefficient; CI = confidence interval; SEM = standard error of measurement; GIR = glenohumeral internal rotation; GER = glenohumeral external rotation;
aHRT = anatomical humeral retrotorsion.

Figure 2. (A) Patient and rater positioning during measurement of humeral retrotorsion, (B) field of view and
image quality for humeral retrotorsion measurement.

International Journal of Sports Physical Therapy


https://ijspt.scholasticahq.com/article/155469-influence-of-humeral-retrotorsion-on-glenohumeral-range-of-motion-in-healthy-collegiate-softball-players/attachment/325412.png
https://ijspt.scholasticahq.com/article/155469-influence-of-humeral-retrotorsion-on-glenohumeral-range-of-motion-in-healthy-collegiate-softball-players/attachment/325414.png

Influence of Humeral Retrotorsion on Glenohumeral Range of Motion in Healthy Collegiate Softball Players

DATA REDUCTION

The raw data for both objective GIR and GER as well as
aHRT were reduced. Calculations (TROM, rHRT, HRT-cor-
rected motion) utilized in this study were conducted con-
sistent with previous research.®8 When interpreting rHRT
(defined as the difference between throwing arm aHRT and
the non-throwing arm aHRT), a negative value indicates
greater aHRT in the throwing arm compared to the non-
throwing arm. In addition, when interpreting the HRT-cor-
rected GER and GIR, a negative value indicates a deficit,
while a positive value indicates a gain in motion on the
throwing arm.

STATISTICAL ANALYSIS

Means and standard deviations were calculated for all con-
tinuous descriptive data, while frequencies are presented
for categorical data. Descriptive data were compared sta-
tistically between position players and pitchers using in-
dependent t-tests for continuous data and chi-square for
categorical data. To assess the first hypothesis, eleven in-
dependent t-tests were utilized with glenohumeral motion
and HRT variables as the dependent variables and position
(position vs. pitchers) as the independent variable. To as-
sess the second hypothesis, four paired t tests were utilized.
The independent variables were position players and pitch-
ers. The dependent variables consisted of objective GIR,
HRT-corrected GIR, objective GER, and HRT-corrected GER.
Lastly, the authors compared softball HRT-corrected GIR
and GER findings from this study to previously reported
findings in collegiate and professional baseball players.

All assumptions were met as each dependent measure
was assessed for normality using the Kolmogorov-Smirnov
Test and visualization of Q-Q plots. Additionally, homo-
geneity of variance with Levene’s Test was assessed for each
of the dependent variables. Due to the unequal sample sizes
in the sample population and the findings from the Lev-
ene’s test of homogeneity of variance, comparisons were
interpreted assuming unequal variances.?2 Cohen d effect
sizes were estimated for each t-test with values interpreted
as small (0.2), moderate (0.5-0.6), or large (0.8-1.0).23 The
initial alpha level of p < 0.05 was considered significant for
all statistical analyses; however, a Bonferroni alpha correc-
tion was implemented to help avoid risk of Type 1 Errors
when analyzing the dependent variables within the t-test
analyses. Final two-tailed p-values were hypothesis-spe-
cific, with a final alpha of p = 0.004 for the first hypothesis
and p = 0.012 for the second hypothesis (0.05/n, where n
equals the number of tests performed). All data were ana-
lyzed using statistical package SPSS version 29 (IBM Corp.
Armonk, NY, USA).

Post-hoc power analysis using G*Power 3.1 (G*Power,
Franz Faul, Universitat Kiel, Germany) was performed to
determine the statistical power observed regarding the de-
pendent t tests pertaining to the differences observed be-
tween objective ROM and HRT-corrected ROM in the po-
sition player cohort (d = 1.46) and the pitcher cohort (d
= 1.38). Interpreting the alpha (0.05) with two-tails and a
sample of 45 (position players) and 18 (pitchers) partici-

pants, the observed minimum power was B = 0.99. However,
the power observed for the between group comparisons was
insufficient; when considering the smallest (d = 0.10, corre-
sponding with the effect size observed between groups for
nonthrowing arm GER) and largest (d = 0.57, corresponding
with the effect size observed between groups for throwing
arm TROM) observed effect sizes, thus the observed power
for the between group comparisons ranged from 0.06 to
0.52.

RESULTS

Collegiate softball player demographics (n=63) were an-
alyzed by player position and reported in Table 2. Body
weight was not recorded at the time of testing for 12 ath-
letes in total (eight position players and four pitchers).
Pitchers were significantly taller than position players (p =
0.008), however no other significant differences were pre-
sent in player demographics. Glenohumeral ROM data are
reported by player position in Table 3. There were no signif-
icant differences in throwing arm GER (p = 0.30), nonthrow-
ing arm GER (p = 0.70), throwing arm GIR (p = 0.16), non-
throwing arm GIR (p = 0.88), throwing arm TROM (p = 0.84),
nonthrowing arm TROM (p = 0.65), throwing arm aHRT (p
= 0.05), nonthrowing arm aHRT (p = 0.77), rHRT (p = 0.08),
HRT-corrected GER (p = 0.89), or HRT-corrected GIR (p =
0.67) between position players and pitchers.

There were significant differences between measure-
ments in objective GER and HRT-corrected GER in position
players (p < 0.001) and pitchers (p < 0.001). There were also
significant differences between objective GIR motion and
HRT-corrected GIR in both position players (p < 0.001) and

pitchers (p < 0.001) (Figure 3).

DISCUSSION

Pitchers showed slightly reduced throwing arm aHRT values
when compared to position players, however the results
were not significantly different, thereby refuting the first
hypothesis. The main findings of this study indicate that
softball position players and pitchers demonstrated differ-
ences in GER and GIR when compared to HRT-corrected
GER and GIR. This supported the secondary hypothesis that
softball players, irrespective of player position, demon-
strated differences in GER and HRT-corrected ER and GIR
and HRT-corrected GIR. More specifically, GIR deficits are
on average not present in softball players when gleno-
humeral ROM is interpreted within the context of rHRT;
GER deficits, however, are present in this population in the
context of rHRT.

There were no significant differences in range of motion
measures between softball position players and pitchers.
One explanation for this is that softball position players
and pitchers often have overlapping throwing and training
loads and commonly participate in similar strength and
conditioning programs which may minimize differences
seen in shoulder mobility. In addition, softball players be-
gin throwing at a young age while often playing multiple
positions. This can lead to comparable long term outcomes
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Table 2. Collegiate softball player characteristics reported as mean * standard deviation or count.

Entire Cohort Position Players Pitchers p-value

(n=63) (n=45) (n=18)
Age (years) 21+1.6 20+1.5 21+1.7 0.13
Height (cm) 167 £6.0 167+4.9 172+7.2 0.008*
Weight (kg) 71+9.7 70.2+9.6 74+94 0.09
Body Mass Index (kg/m2) 25+3.6 25+35 25+37 041
Playing experience (years) 15+2 15+2 16+2 0.07
KJOC 82+15 81+13 86+ 13 0.13
Throwing Arm
Left 5 4 1

0.65

Right 58 41 17

Cm= centimeters; kg= kilograms; m= meters; KJOC =Kerlan Jobe Orthopaedic Score. p-value represents findings between position players and pitchers. *indicates a statistically sig-

nificant difference (p < 0.05)

Table 3. Differences in shoulder range of motion and humeral retrotorsion (reported as mean * standard
deviation) between collegiate softball position players and pitchers

Range of Motion Data Position Players
(n=45)
GERROM
Throwing arm 100+ 11°
Nonthrowing arm 95+11°
GIRROM
Throwing arm 30+10°
Nonthrowing arm 40+ 10°
TROM
Throwing arm 130+ 12°
Nonthrowing arm 135+ 13°
HRT
Throwing arm 17 +12°
Nonthrowing arm 33+14°
Relative HRT -16£11°
HRT-Corrected ROM
HRT-corrected GER -11+14°
HRT-corrected GIR 6+12°

Pitchers p-value Cohen’s-d
(n=18)
97 +10° 0.30 -0.27
97 +11° 0.70 0.10
33+9° 0.16 0.37
40+ 8° 0.88 0.36
131+£12° 0.84 0.57
137 +11° 0.65 0.12
22+9° 0.05 0.49
34 +8° 0.77 0.06
-12+8° 0.08 0.44
-11+11° 0.89 0.03
5+10° 0.67 -0.11

GER= glenohumeral external rotation; ROM= range of motion; GIR= glenohumeral internal rotation; TROM= total rotational range of motion; HRT= humeral retrotorsion. Note: no

significant differences were found between the positions based on corrected p-value of 0.004.

in shoulder motion measurements. As a result, the shared
exposure to repetitive throwing demands may minimize de-
tectable differences in shoulder motion between groups.
This is the first study to specifically examine aHRT and
rHRT in collegiate softball pitchers. Hibberd et al. reported
aHRT values in collegiate softball and baseball position
players but did not include pitchers in that cohort.!> When
assessing THRT between softball pitchers and baseball
pitchers, the rHRT is smaller in softball pitchers when com-
pared to baseball pitchers.® One explanation for this may
be that softball pitchers use both an underhand windmill
motion to pitch and overhand motion to throw, unlike their
baseball counterparts who throw and pitch entirely over-
hand. While more data are needed within the softball lit-
erature, clinicians should still consider aHRT when inter-

preting GER and GIR measurements in softball players,
regardless of position.

This study was the first to examine glenohumeral rota-
tional motion in the presence of rHRT in a collegiate soft-
ball population. Previous studies indicate that the overhand
throwing motion requires repetitive and excessive GER
ROM causing osseous adaptations to occur at the humerus
during physical development.24 As all softball players
throw overhand, the nature of softball predisposes them to
developing preserved aHRT values on their throwing arms.
It is important to consider HRT when measuring gleno-
humeral rotational motion within these players to deter-
mine if ROM deficits are present and if so, which direction
is most affected (GER vs GIR).
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Figure 3. Differences between objective and HRT-corrected ROM

(A) softball position players (n=45) and (B) softball pitchers (n=18). All data are reported as mean * standard deviations with the x-axis representing degrees. GIR, glenohumeral in-
ternal rotation; GER, glenohumeral external rotation; ROM, range of motion; HRT, humeral retrotorsion.

The findings of this study are consistent with previous
research conducted in baseball populations that calculated
HRT-corrected GER and HRT-corrected GIR.®® Differences
were found between objective GER and HRT-corrected GER
and GIR and HRT-corrected GIR in this cohort of softball
players, regardless of their position. Softball players pre-
sent with HRT-corrected GER deficits. This is similar to the
findings of Myers et al. who found that collegiate baseball
players did not demonstrate GIR deficits in the context of
HRT, but instead GER deficits.” The current findings, along
with previous research, imply that GIR deficits are less fre-
quently observed in both baseball and softball players when
correcting for HRT. In fact, deficits in GER may be more
common. To identify the truest injury profile of a thrower,
the osseous change of HRT must be taken into account.

The current findings suggest that in the context of HRT,
collegiate softball players demonstrate similar gleno-

humeral ROM profiles as baseball players. Table 4 presents
data to examine these similarities. Although previous re-
search has suggested that softball players do not exhibit
humeral osseus adaptations comparable to those of base-
ball players,!5 the current findings indicate that collegiate
female softball players demonstrate similar throwing arm
adaptations in response to joint stresses associated with
the throwing motion, as described in the baseball literature.

A CLINICAL EXAMPLE

To further demonstrate the relationship between rHRT and
the clinical interpretation of glenohumeral rotational range
of motion, a clinical example is presented for a 16-year-old
softball pitcher. The values in Table 5 represent the bilat-
eral rotational range of motion, TROM, bilateral aHRT, and
the calculated side-to-side differences between the throw-
ing and non-throwing arms.
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Table 4. HRT-corrected rotational motion in throwing arms of collegiate softball players, collegiate baseball

players, and professional baseball players

Author Cohort HRT-corrected GER HRT-corrected GIR
Collegiate Softball Position Players (n=45) -11+14° 6+12°
Current Study . .
Collegiate Softball Pitchers (n=18) -11+11° 5+ 10°
Collegiate Baseball
7 _ ) o
Myers et al Players (n=29) 13+12 4+10
Reuther et al8 Professional Baseball Pitchers (n=30) -15+9° 6+9°
HRT= humeral retrotorsion; GER= glenohumeral external rotation; GIR= glenohumeral internal rotation.
Table 5. Clinical Presentation of an Athlete
Throwing Arm Nonthrowing Arm Difference
GER 105° 95° +10°
GIR 25° 45° -20°
TROM 125° 135° -10°
aHRT 15° 35° -20°
ER, external rotation range of motion; IR, internal rotation range of motion; TROM, total rotational range of motion; aHRT, anatomic humeral retrotorsion.
Table 6. HRT-Corrected Range of Motion
Equation Objective Findings Outcome
HRT-Corrected GER Side-to-side difference in GER + rHRT +10 + (-20) -10
HRT-Corrected GIR Side-to-side difference in GIR - rHRT -20 - (-20) 0

rHRT, relative humeral retrotorsion difference; GER, glenohumeral external rotation; GIR, glenohumeral internal rotation.

Solely based on the clinical measurements taken, this
athlete presented with a 10° gain of GER ROM, a 20° loss
of GIR ROM, and a 20° side-to-side difference in aHRT, or
rHRT. Conventional studies would suggest that this athlete
has an acceptable amount of external rotation gain on the
throwing limb (>5)°,%6 and pathological glenohumeral in-
ternal rotation deficit (GIRD) as demonstrated by a side-
to-side difference of 20° in the presence of a total arc of
motion loss greater than 5° degrees (-10°).13 Clinical rea-
soning would lead the sports medicine team to suspect a
mechanism of internal rotation loss as a potential contrib-
utor to pain and dysfunction. However, when the HRT-cor-
rected equations are applied, a shift in the “deficient” rota-
tional direction becomes apparent (Table 6).

Based on the current findings, when the HRT-corrected
equations are applied, this athlete actually has a 10° deficit
of glenohumeral external rotation with no observed GIRD.
Therefore, the rehabilitation team should select targeted
treatment strategies to remedy soft tissue impairments re-
lated to external rotation ROM deficits. In this example, if
only the clinical interpretation is considered (without re-
gard to rHRT), a practitioner may inadvertently prescribe
stretches to address perceived GIRD targeting the posterior
shoulder soft tissues when they are not warranted. This ex-
ample, combined with similar observations in healthy base-
ball athletes,374344 and injured baseball athletes,25 and
the results from the present study, together demand that

attention be paid to commonly observed HRT-corrected
GER deficits.

This study is not without limitations. Convenience sam-
pling, while representative of collegiate softball teams, re-
sulted in uneven groups of position players and pitchers.
Most collegiate softball teams have a roster size of 22 play-
ers, with 3-4 pitchers per team on average. This impacted
the author’s abilities to achieve equal sampling of position
players and pitchers, potentially causing concern when
considering the findings of comparisons between groups.
While the present authors were intentional with the inclu-
sion of the findings related to post-hoc power for clarity
to the readership, the deficit of post hoc power in some
comparisions does not detract from the findings. However,
the results of the comparisons between pitchers and posi-
tion players should be interpreted with caution as the ob-
served power suggests the Type II Error rate was inflated
due to an inadequate sample for between group compar-
isons, and an increased sample size could alter the inter-
pretation of these results between pitchers and position
players. Additional data collection is needed to increase the
softball pitcher sample size and further investigate the dif-
ferences in aHRT and HRT-corrected motion measurements
between softball players that both pitch and throw over-
hand, and those who just throw overhand. The majority of
softball players in this study were right-handed. Previous
research on baseball players has indicated that left-handed
baseball pitchers demonstrate smaller relative HRT values
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than their right-handed counterparts.25 While right-hand-
edness is a dominant trait in the general population and
within softball and baseball, findings of this study cannot
be confidently applied to left-handed players until more
data is available. Moreover, all participants were of college
age, having reached skeletal maturity. Future researchers
should aim to determine if these results are consistent in
softball players across their lifespan, from youth to skele-
tally mature throwers. Lastly, as players were measured at
multiple time points throughout the course of a season, the
most recent measurement was used for data analysis. This
may have influenced HRT-corrected motion measurements
as previous research has shown collegiate softball posi-
tion players to increase throwing arm ER and TROM and
nonthrowing arm ER, IR and TROM, while collegiate soft-
ball pitchers increase throwing arm IR and TROM over the
course of a season.!! Additionally, this study did not con-
trol for throwing activity performed prior to data collection,
which may have influenced the ROM values obtained. To
limit the effect of time of season or recent throwing activity
on glenohumeral ROM measurements, future researchers
could consider measurements at similar preseason time-
points. Due to the paucity of published information on soft-
ball players of any age, it is important to continue to an-
alyze these athletes. With continued research, guidelines
that minimize injury risk and maximize sports performance
in softball players can be established.

CONCLUSION

Collegiate softball players, regardless of position, demon-
strated differences between throwing arm GER and HRT-
corrected GER and throwing arm GIR and HRT-corrected
GIR. When examining an overhead athlete in any sport, it
is necessary to consider the impact of osseous changes on
glenohumeral rotational motion. Both softball and baseball
players consistently demonstrate osseous adaptations to
their humeri, likely as a result from the large biomechanical
stresses placed on their bodies from throwing. Even though
softball pitchers primarily utilize an underhand windmill
motion to pitch, the position still engages in overhand
throwing, such as in warm-ups and when fielding their po-
sition. Based on the current findings, it is imperative that
aHRT be assessed in all softball players. This information
can aid clinicians in identifying true motion restrictions
and implementing meaningful intervention, thus attempt-
ing to reduce player injury risk and maximizing throwing
performance.
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