I SP I Kennedy S, Roth S, Conway J, et al. Changes in Normalized Shoulder Strength and Self-
e —— Perceived Function in Healthy Division One Baseball Players Over the Course of a
JONAL JOURNAL OF

SPOES FRYSICA THERAPY Competitive Season. //SPT. 2025;20(10):1489-1501. doi:10.26603/001c.144772

Original Research
Changes in Normalized Shoulder Strength and Self-Perceived
Function in Healthy Division One Baseball Players Over the Course

of a Competitive Season

Sean Kennedy, PT, DPT, PhD, SCS, CSCS', Samuel Roth, PT, DPT, SCS?, John Conway, M.D? Jacob Jelmini, PhD, ATC,
Brian Duncan, PT, DPT, SCS', J. Craig Garrison, PT, PhD, SCS, ATC', Natalie Myers, PhD, ATC, PES*

1 Memorial Hermann's Rockets Sports Medicine Institute, 2 University of Nebraska-Lincoln, 3 Orthopedic Surgery, University of Texas Health Science
Center, 4 ATl Physical Therapy, Institute for Musculoskeletal Advancement

Keywords: baseball, normalization, shoulder, strength

h ://doi.org/10.2 /001c.144772

International Journal of Sports Physical Therapy
Vol. 20, Issue 10, 2025

Background

Deficits in shoulder strength have been previously established as a risk factor associated
with the development of time-loss shoulder and elbow injuries. However, limited data
exists on normative shoulder strength changes in collegiate baseball athletes over the
course of a competitive season.

Hypothesis/Purpose: There were two purposes of this study: 1) to assess changes in
shoulder strength over a competitive season, and 2) to assess self-perceived shoulder and
elbow function changes over the course of a competitive season in healthy Division I
collegiate baseball players. It was hypothesized that shoulder strength would differ over a
competitive season with no observed differences in Kerlan-Jobe Orthopaedic Clinic
(KJOC) scores over time in healthy baseball athletes.

Study Design

Prospective cohort

Methods

Forty-nine uninjured NCAA baseball athletes were assessed for bilateral isometric
shoulder strength (external [ER] and internal [IR] rotation and scaption [SCAP]) via
handheld dynamometry at four time points: fall physicals, preseason, mid-season, and
postseason. Additionally, athletes completed the KJOC score at each testing session. A
2x4 repeated measures multivariate analysis of variances was conducted to determine the
effect of playing position and time on normalized shoulder strength and KJOC scores.

Results

There was a main effect of time on isometric shoulder strength (p < 0.001). There was no
effect for position (p = 0.88), or interaction effect of position and time (p = 0.643).
Pairwise comparisons demonstrated differences across time in dominant limb ER (p =
0.01) and SCAP (p < 0.001), and non-dominant limb ER (p < 0.001), IR (p = 0.004) and
SCAP (p < 0.001). There were no differences over time for dominant limb IR (p = 0.131) or
KJOC scores (p = 0.154).
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Conclusion

Uninjured collegiate baseball players demonstrated changes in shoulder strength over
time that exceeded minimal detectable change scores over the course of a competitive
season for both limbs. The results of the present study offers shoulder strength values
using a reliable and reproducible normalization method to evaluate shoulder strength in

collegiate baseball athletes.

Level of Evidence
11

INTRODUCTION

Baseball’s popularity continues to expand across all levels
of participation, including involvement at the collegiate
level.l According to the National Collegiate Athletic Asso-
ciation’s (NCAA) 2023-24 Sports Sponsorship and Partici-
pation Rates Report, up to 40,247 athletes play collegiate
baseball.2 These high participation rates, in combination
with early sport specialization, contributes to increases in
baseball participation-related injuries.3* In addition,
repetitive high-velocity movements required of baseball
players place significant amounts of stress on the shoulder
and elbow joints.> These forces may contribute to the high
rate of baseball injuries involving the upper extremity, with
shoulder and elbow injuries accounting for 32% of all in-
juries in collegiate baseball players.! These injuries are typ-
ically time-loss in nature and often require surgical inter-
vention to adequately return the athlete to full prior level of
performance.® As such, screening for and identifying mod-
ifiable risk factors for injury development is a clinical ne-
cessity. One modifiable risk factor of interest is shoulder
strength, as deficits in shoulder strength have been postu-
lated to contribute to the development of upper extremity
injuries both at the time of injury, and persist throughout
post-operative recovery.”-8

The rotator cuff and scapular stabilizers have been a
point of discussion in relation to injury in upper extremity
athletes due to their dual role in overhead throwing in ro-
tational torque production during acceleration and eccen-
tric function contributing to deceleration of the arm.? As
a result, effort has been put forth by researchers to de-
lineate factors that may diminish the working capacity of
the rotator cuff. Of note, rotator cuff fatigue following a
session of pitching has been demonstrated with isokinetic
strength testing.!0 While the potential exists for cumula-
tive fatigue to occur with repeated bouts of throwing over
time,!1 only one previously identified study has assessed
shoulder strength over the course of a collegiate baseball
season.!2 Additionally, an overwhelming majority of exist-
ing studies on shoulder strength in overhead athletes have
focused on the rotational component of shoulder strength.
However, a recent study established that normalized scapu-
lar abduction (SCAP) strength is a significant predictor of
ball velocity in a cohort of youth baseball players,!3 and
SCAP has been specifically investigated in its relation to fa-
tigue after a bout of pitching.!! To date, only one identified
study has assessed scaption strength in a collegiate baseball
population.!2 Further research expanding on these previ-
ous findings with a larger sample size may have the poten-

tial to serve as clinical benchmarks that can be used be-
fore, during, and after a season of play. Moreover, there is a
lack of data regarding normative musculoskeletal profiles of
healthy collegiate baseball players over time utilizing clini-
cally reproducible methods, leaving a gap in the current lit-
erature regarding the thrower’s shoulder and its response
to baseball activity over time in a collegiate population.

In addition to objective strength measurements, an ath-
lete’s self-perceived function of their upper extremity is of
particular importance. Self-perceived shoulder and elbow
function can be assessed in the overhead athlete with the
Kerlan-Jobe Orthopaedic Clinic (KJOC) Shoulder and Elbow
score, which has been shown to be a valid and responsive
tool in the evaluation of overhead athletes.!* Studies in-
volving the KJOC have shown that scores ranging between
90 and 95% are typical of healthy professional and colle-
giate baseball players.!5-17 However, there is no true con-
sensus on normative KJOC scores in a healthy collegiate
population, as other studies have shown mean scores of
87% and 81% in healthy, asymptomatic baseball athletes.!8;
19 Additionally, while KJOC scores have been shown to be
unchanged over the course of a professional baseball sea-
son,20 no known studies have assessed changes in KJOC
scores throughout a season in collegiate baseball players.

Therefore, the two purposes of this study were: 1) to as-
sess changes in shoulder strength over a competitive sea-
son, and 2) to assess self-perceived shoulder and elbow
function changes over the course of a competitive season
in healthy Division I collegiate baseball players. We hy-
pothesized that both dominant and non-dominant shoulder
strength would differ over four time points in a competitive
season, and that there would be no significant differences
in KJOC scores over four time points in healthy, participat-
ing collegiate baseball athletes.

MATERIALS & METHODS

PARTICIPANTS

This was a prospective study monitoring changes in muscu-
loskeletal profiles of collegiate athletes. The University of
Texas Health Science Center at Houston Institutional Re-
view Board approved all research procedures prior to data
collection (HSC-MH-22-0537). Male, collegiate baseball
athletes from two Division I baseball programs who partic-
ipated in four testing sessions over the course of a compet-
itive season were included in this study. Participant demo-
graphics were collected via self-report (age, position, arm
dominance). Data regarding participant height and weight
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were recorded at the time of data collection. Participants
were included in this study if they met the following crite-
ria: (1) between the ages of 18 and 24 years old, (2) the ath-
lete had no history of elbow or shoulder surgery in the pre-
vious year that restricted athletic participation in all team
activities at the time of testing, and (3) the athlete had no
current shoulder or elbow injury or pain that limited or re-
stricted participation in all team activities at the time of
testing. Athletes were excluded from the study if they were
unable to participate in all team activities due to an active,
ongoing injury. Individual injury and participation status
was verified with the team’s Athletic Trainer. Informed con-
sent was collected on-site in the collegiate baseball athletic
training room once they were confirmed to meet the inclu-
sion and exclusion criteria by a member of the study staff.

All 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.21,22

ISOMETRIC SHOULDER STRENGTH TESTING

Isometric shoulder strength measurements were taken bi-
laterally during each testing session. All procedures were
performed in the university’s baseball athletic training
room. All participants participated in measurements at the
time of fall physicals (August 28t and August 30th), a pre-
season date (January 10th and January 17th), a midseason
date (March 4th and March 18th), and a postseason date
(April 29th and May 6th). Bilateral isometric external ro-
tation (ER), internal rotation (IR), and scaption (SCAP)
strength were measured with a hand-held dynamometer
(HHD) (MicroFET 2, Hoggan Scientific, LLC) using a “make
test” methodology.23 All shoulder strength measurements
were taken by a single physical therapist (SMK) to ensure
consistency. Intra-rater reliability was determined during
pilot testing, including 10 subjects, and found to be excel-
lent for all strength measures: (ER: ICC, ; = 0.99, 95%CI
[0.95-0.99], SEM = 0.03 N/kg, MDCy; = 0.07 N/kg; IR: ICC, 4
= 0.99, 95%CI [0.97-0.99], SEM = 0.05 N/kg, MDCgqs = 0.14
N/kg ; SCAP: ICC, ; = 0.98, 95%CI [0.95-0.99], SEM = 0.03
N/kg, MDCys = 0.09 N/kg).

During isometric strength testing, the participant sat at
the end of a treatment table in an upright seated position.
For ER and IR strength testing, the participant sat with the
arm positioned at the side (0° of shoulder abduction) and
elbow fixed at 90°. A small towel roll was utilized under
the testing arm to maintain a neutral position of the shoul-
der regarding the frontal plane and prevent compensation
into glenohumeral abduction. Isometric rotational strength
testing was measured using the HHD placed proximal to
the dorsal surface of the wrist for ER and volar surface of
the wrist for IR. The participant was instructed to rotate
their arm outward (ER) or inward (IR) with maximum ef-

fort for up to five seconds in duration while maintaining
the testing arm at the side with the elbow flexed to 90°.
Tactile cueing, as necessary, was applied to the lateral as-
pect of the participant’s elbow to avoid compensation in the
frontal plane. During SCAP strength testing, the participant
sat with the shoulder positioned at 90° of elevation in the
scapular plane, the elbow extended, and the forearm in a
neutral position. The athlete began resting his wrist on the
testing therapist’s shoulder. Isometric SCAP strength was
measured using the HHD placed approximately 5 cm distal
to the cubital fossa. The participant was instructed to lift
their arm upward with maximum effort for up to five sec-
onds in duration (Figure 1).

An average of two trials were taken for IR, ER, and SCAP
and all measurements were taken bilaterally and recorded
in pounds. If there was a wide discrepancy in measurement
during one of the trials (>5.0lbs), an additional trial was
recorded for consistency. Strength measures were con-
verted to Newtons and then normalized to mass using the
equation [shoulder strength measure (N) / mass (kg)]. This
method has recently been shown to meet statistical as-
sumptions for ratio normalization as it pertains to shoulder
strength in baseball athletes, and has been previously used
in conjunction with handheld dynamometry in professional
baseball athletes.2425 Additionally, participants completed
the KJOC at each of the four testing sessions. The following
verbal instructions were provided in a standardized script
by one member of the study staff: “the following questions
concern your physical functioning during game and prac-
tice conditions. Unless otherwise specified, all questions re-
late to the function of your shoulder or elbow.” Players were
instructed to slide an interactive bar on a 0-10 visual ana-
log scale for each of the 10 questions. The sum of the 10
questions were calculated to determine a final KJOC score,
with a possible range of 0 to 100 points. Scores closest to
100 represent perfect function.

STATISTICAL ANALYSIS

To test the hypotheses of this study, a 2X4 repeated mea-
sures multivariate analysis of variance (RM MANOVA) was
executed to determine differences in strength across four
different time points and between player position. The in-
dependent variable or within-subjects variable in this study
was time: fall physical, preseason, midseason, and postsea-
son. The second independent variable, or between-group
variable, was player position. Player position was defined as
pitchers compared to non-pitchers. There were six depen-
dent variables consisting of dominant arm and non-domi-
nant arm shoulder ER, IR and SCAP strength. The assump-
tion testing was conducted to check for normality, outliers,
linearity, and multicollinearity. Normality was confirmed
using the Shapiro Wilk test. All dependent variables were
normally distributed except for non-dominant arm scaption
and internal rotation at the fall physical measurement ses-
sion. Outliers were defined as 3 standard deviations below
and above the mean for each of the time points across all of
the dependent variables. No outliers were found within the
data set confirmed by Mahalanobis Distance. None of the
variables showed multicollinearity as depicted by a Pearson
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Figure 1. Isometric Strength Testing

Note. Manually resisted isometric handheld dynamometry testing for shoulder external rotation (left), shoulder internal rotation (center), and shoulder scaption (right).

Correlation of >0.90. While there were a few violations in
the normality of the data the MANOVA is robust to mod-
erate violations in normality. Wilk’s Lambda was used to
interpret the results of the RM MANOVA as this statistic
is robust to violations of normality.26 Mauchly’s Test of
Sphericity was used to determine if a sphericity violation
was present. If a violation was present, the Greenhouse-
Geisser statistic was used for interpretation of the analysis.
Effect sizes were reported as partial eta squared and values
of 0.01, 0.06, and 0.14 were utilized to determine a small,
medium, and large effect.2’ Follow-up pairwise compar-
isons were conducted to determine significant differences
between time-points and between position groups utilizing
a Bonferroni correction. All data were analyzed using sta-
tistical package SPSS version 29 (IBM Corp. Armonk, NY,
USA). Alpha was set a prior at p < 0.05.

A priori power analysis (G*Power 3.1) was performed to
determine the requisite sample size needed to detect sig-
nificant findings in this study. An observed medium effect
size (d = 0.62) was observed from a previously established
study investigating changes in rotator cuff and periscapu-
lar strength in collegiate baseball athletes over time.l2 As
such, we anticipated a similar medium effect using partial
eta squared (0.06) for sample estimation. For clarity, the
authors input the following variables: effect size (f = 0.25,
calculated directly from a “medium” partial eta squared ef-
fect size), a error probability (0.05), power (0.80), number
of groups (2), and number of measurements (4). An esti-
mated sample of 34 players was determined to be necessary
to detect difference in shoulder strength between position
groups, and a minimum of 48 players to detect statistically
significant differences in strength over time.

RESULTS

A total of 49 healthy collegiate athletes were available for
testing at all four timepoints and consented to participate
in this study. Descriptive statistics for each participant can
be found in Table 1.

Table 1. Participant characteristics presented as mean
* standard deviation and count data for dichotomous
variables

Characteristics Qutcome
Age (yrs) 20.9+ 1.5
Height (cm) 184.6 £5.9
Weight (kg) 87.6+8.8

Position
Pitcher 26
Nonpitcher 23
Dominant Limb

Right 34
Left 15

Yrs, years; cm, centimeters; kg, kilograms.

There was a significant effect of time on shoulder
strength across four time points, A =0.14, F (18,30) = 10.67,
p < .001. n% = 0.87. There was no significant effect of posi-
tion group (A = 0.85, F (6,42) = 1.28, p =.888 n? = .15), nor
a significant interaction effect between time and position
group (A = 0.67, F (18,30) = 0.83, p =.655, n% = 0.33).

Over the four measured timepoints, dominant limb ER (F
=4.28, p=0.01, r]z = 0.08), dominant limb SCAP (F = 9.46,
p = < .001, n% = 0.17), non-dominant limb ER (F = 2.39, p
= 0.002, n2 = 0.11), non-dominant limb IR (F = 4.92, p =
.004, r]2 = 0.10), and non-dominant limb SCAP (F = 26.30,
p < .001, n% = 0.26) were found to statistically change over
the course of the four timepoints. A non-significant effect
of time on dominant limb IR strength (F = 1.94, p = .131, n?
=0.04) and KJOC scores (F = 2.06, p = 0.154, n% = 0.04) were
observed. Normalized strength values for all measures and
limbs, as well as KJOC scores, across all four time points are
in Table 2.

For the dominant limb, shoulder ER significantly de-
creased from pre- to midseason (mean difference = -0.08
N/kg, p = 0.031, 95% CI [-0.16, -0.01]) but significantly in-
creased from mid- to postseason (mean difference = 0.12 N/
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Table 2. KJOC scores and normalized shoulder strength measures presented as mean # standard deviation with [95% CI Intervals] across all data collection timepoints

Changes in Normalized Shoulder Strength and Self-Perceived Function in Healthy Division One Baseball Players Over the Course of a Competitive Season

Outcome Measure

Fall Physical

Preseason

Midseason

Postseason

Dominant ER
Dominant IR
Dominant SCAP
Non-Dominant ER
Non-Dominant IR
Non-Dominant SCAP
KJOC Score

1.73+0.25[1.66, 1.80]
3.05+0.41[2.94,3.17]
2.44+£0.31[2.35,2.53]
1.77£0.24[1.70, 1.83]
3.00+0.36[2.90,3.10]
2.52+0.30[2.44,2.61]
94.59 +10.98

1.74+0.26[1.67,1.82
3.03+£0.36[2.92,3.13
221+0.25[2.14,2.28
1.83+£0.24[1.76,1.89
2.97+0.37[2.87,3.06
227+0.21[2.21,2.33
95.33+7.09

]
]
]
]
]
]

1.66+0.27[1.59,1.74]
3.03+0.43[2.91,3.15]
2.22+0.29[4.12,2.30]
1.71+£0.25[1.65,1.78]
2.95+0.33[2.86,3.04]
2.29+0.29[2.20,2.37]
92.96+12.02

1.78+0.32[1.69, 1.87]
2.95+0.39[2.84,3.06]
2.39+0.47[2.26,2.53]
1.84+0.31[1.75,1.93]
2.84+0.37[2.74,2.94]
2.50+0.41[2.38,2.61]
90.43+15.98

Values reported in Newtons/kilogram. CI, confidence interval; ER, external rotation; IR, internal rotation; SCAP, scaption; KJOC, Kerlan-Jobe Orthopaedic Clinic score.
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Figure 2. Normalized shoulder external rotation strength over time

ER, external rotation; N/kg, Newtons per kilogram of body mass; *represents a significant difference between timepoint

kg, p = 0.019, 95% CI [0.01,0.022]). Each of these changes
exceeded the established minimal detectable change value
of 0.07 N/kg. Dominant shoulder SCAP also differed signif-
icantly between multiple points, including a significant de-
crease from fall physicals to preseason (mean difference =
-0.22 N/kg, p = <0 .001, 95% CI [-0.35,-0.10]), a significant
decrease from fall physicals to midseason (mean difference
= -0.22, p <0 .001, 95% CI [-0.33,-0.01]), a significant in-
crease from pre- to postseason (mean difference = 0.18 N/
kg, p = .007, 95% CI [0.04,0.32]), and a significant increase
from mid- to postseason (mean difference = 0.17 N/kg, p
= 0.026, 95% CI [0.01,0.33]). Again, each of these observed
changes in dominant limb SCAP strength exceeded estab-
lished minimal detectable change scores (0.09 N/kg). Dom-
inant limb IR shoulder strength did not significantly differ
between any of the four timepoints.

For the non-dominant limb, ER strength significantly
decreased from pre- to mid-season (mean difference = -0.11
N/kg, p = 0.004, 95% CI [-0.20,-0.03]) and increased from
mid- to postseason (mean difference = 0.12 N/kg, p = 0.021,
95% CI [0.01,0.24]), each of which exceeded established
minimal detectable change scores. Non-dominant shoulder
IR strength significantly decreased from fall physicals to
postseason (mean difference = -0.16 N/kg, p = 0.009, 95% CI
[-0.29,-0.03]) and from preseason to postseason (mean dif-
ference = -0.13 N/kg, p = 0.029, 95% CI [ -0.25,-0.01]). While
statistically significant, the change from pre- to postseason
may not be clinically meaningful as the difference in nor-
malized IR strength did not exceed the minimal detectable
change scores (0.14 N/kg). Finally, SCAP strength signifi-
cantly differed between four timepoints: SCAP strength sig-

nificantly decreased from fall physicals to preseason (mean
difference = -0.26 N/kg, p < 0.001, 95% CI [-0.38,-0.13]) and
from fall physicals to mid-season (mean difference = -0.24
N/kg, p < 0.001, 95% CI [-0.34,-0.13]). Non-dominant shoul-
der SCAP strength significantly increased from preseason
to postseason (mean difference = 0.23 N/kg, p < 0.001, 95%
CI [0.11,0.35]) and from mid- to postseason (mean differ-
ence = 0.21 N/kg, p <0 .001, 95% CI [0.08,0.35]). Each of
these significant findings exceeded the minimal detectable
change scores for shoulder SCAP strength (0.09 N/kg) Fig-
ures 2-4 graphically represent shoulder strength changes
for each measure and changes in KJOC scores between the
four timepoints (Figure 5).

Regarding KJOC scores over the course of a competitive
season, male collegiate baseball athletes demonstrated a
slight increase of scores from fall physicals to preseason,
followed by decreases at mid- and post-season. The mean
difference from fall physicals to postseason scores was
-4.90 points. These fall in a range of previously reported
minimal detectable change scores for different versions of
the KJOC utilized in baseball athletes (range 2.42-8.5
points).28-30 Due to a non-significant univariate test for
KJOC scores, pairwise comparisons were not conducted.

DISCUSSION

The results of the current study demonstrate changes in
shoulder across the course of a season in healthy Division
I collegiate baseball players. These findings add value to
the existing literature by further detailing the expected
changes a participating, uninjured collegiate baseball ath-
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IR, internal rotation; N/kg, Newtons per kilogram of body mass; *represents a significant difference between timepoint
Shoulder SCAP Strength
l¥ 1
26 2 L
2.52 *
7 2.50
25 B
L | \ 1
P24 2.44
= 299 2.39
~ 2.27
£ 23
[=)]
c
o
0 22 2.21 222
L ! |
21 L ] 1 [
L * g *
2 *
Fall Physicals Preseason Midseason Postseason

=== Dominant Limb  ===Nondominant Limb

Figure 4. Normalized shoulder scaption strength over time
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Figure 5. Kerlan-Jobe Orthopaedic Clinic (KJOC) scores over time

lete will experience over time. Significant differences were
found between at least one time point for all measures of
shoulder strength with the exception of dominant limb IR
strength. Dominant and non-dominant limb SCAP demon-
strated the largest absolute changes in shoulder strength
through a significant decrease in strength during the fall
season, and near full recovery of fall physical strength from
mid- to postseason. Dominant and non-dominant limb IR
decreased over the course of a competitive season, and
shoulder ER strength for both limbs demonstrated both
significant decreases, followed by increases, throughout a
competitive season. There were no significant differences
in KJOC scores over the course of a competitive season.
These collective results support the hypotheses: there were
significant differences in shoulder strength over time, and
there was a lack of significant change in KJOC scores
throughout a competitive season in this cohort.

Limited data exists regarding prospective, normative
values of musculoskeletal profiles of overhead collegiate
athletes, including studies conducted on shoulder strength.
Prior to fully understanding the role clinical objective mea-
surements have on injury risk profiles, it is a clinical ne-
cessity to understand the normative and evolving muscu-
loskeletal profiles of baseball athletes. Recently, an article
was published by Pabian et al. investigating strength
changes in the dominant limb of 18 collegiate baseball
pitchers.12 While both studies utilized a cohort of Division
I baseball athletes, differences in methodology (testing po-
sitions) and units reported (kilograms versus Newtons per
kilogram) render the results difficult to directly compare.
Both Pabian et al. and the results from the present study
demonstrated non-significant decreases in dominant limb
IR strength over the course of a competitive season.!2 Ad-
ditionally, both studies demonstrated decrease in dominant
limb ER from pre-to-midseason, a finding in this study

that is clinically relevant (change beyond MDCgq, of 0.07),
with a subsequent increase from mid-to-postseason.12 Al-
ternatively, the results from this previously published study
demonstrated significant decreases in dominant-limb scap-
tion strength over the first and second half of a season.!2
These findings are conflicting with the results of the pre-
sent study, as no changes were observed from pre-to-mid-
season with a significant and clinically relevant increase
from mid-to-postseason. The present study offers advan-
tages when considering the methodology and sample ob-
tained: the present authors utilized a statistically sup-
ported strength normalization method to better account for
anthropometric differences in baseball athletes,!325 and
included a larger and more heterogenous sample size of
baseball athletes, consisting of both pitchers and non-
pitchers.

Regarding normative shoulder strength profiles in col-
legiate baseball athletes, our findings are consistent with
previous studies for single timepoint investigations. Two
previously published studies found an effect of limb domi-
nance on throwing limb IR strength, demonstrating an in-
crease in dominant limb IR strength when compared to
the non-dominant limb.31:32 However, these studies did not
specify the time of year the testing protocol took place, and
one study included Division III baseball athletes.32 Like-
wise, previous studies have demonstrated equal or non-sig-
nificant weakness of dominant limb ER strength in baseball
populations.3334 Clinicians are encouraged to consider dif-
ferences in methodology when attempting to compare clin-
ical findings to published data when delineating changes in
shoulder strength.

While the evidence surrounding the effect of time on
shoulder strength measures in the collegiate baseball pop-
ulation is currently limited, the effect of time on shoulder
strength has previously been investigated across a colle-
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giate softball season.3® Softball position players demon-
strate no significant change in shoulder IR strength on
either side (dominant or non-dominant) over the course
of the season.3> These results are in agreement with the
present data for the non-dominant side, however, no sig-
nificant differences were observed in dominant limb IR
strength over time. In contrast to the results of the current
study, a significant decrease in shoulder ER strength was
seen bilaterally,35 whereas the current cohort observed a
similar decrease from pre-to-midseason, followed by an in-
crease in ER strength from mid-to-postseason. It is impor-
tant to note baseball players and softball players should not
be directly compared, however, the time-specific changes to
overhead athlete’s shoulder strength profiles must be con-
sidered. The observed differences in results between the
two populations may be related to anthropometric differ-
ences second to sex and differences in overhead throwing
biomechanics.36-38 Additionally, training methodology and
throwing volume may vary significantly between sports,
which may further impact strength changes over a season.

Scaption strength is of particular interest in this cohort
as only one previously identified study has investigated
this measure in collegiate baseball athletes.12 SCAP weak-
ness has previously identified as a risk factor for time-
loss injuries in baseball pitchers necessitating surgery.3?
SCAP strength in particular has been postulated to provide
a global measure of dynamic shoulder stability, requiring
activation of multiple periscapular and rotator cuff mus-
culature as evidenced by increased maximal voluntary iso-
metric contractions during isometric strength testing.40-42
During the overhead throwing motion, these muscles play
a significant role in providing dynamic stabilization at the
glenohumeral joint while simultaneously producing supra-
physiologic rotation velocities and torque about the shoul-
der.#3 Additionally, the posterior rotator cuff acts eccentri-
cally to control arm deceleration and control glenohumeral
distraction forces during the overhead throwing motion,*4
leading to previously described morphologic changes in ro-
tator cuff thickness and stiffness in collegiate baseball ath-
letes.#5-47 It is has been demonstrated that SCAP strength
decreases over time in collegiate baseball,!2 however, the
current results show a peak in SCAP strength from mid-to-
postseason. The present authors can only draw inferential
rationale for this phenomenon, which may include a perfor-
mance related adaption as these athletes experience a rel-
ative peak in competitiveness toward the end of the reg-
ular season as the season transitions to post-season play.
While the time-dependent nature of rotator cuff morphol-
ogy and, in turn, changes in shoulder SCAP strength have
been previously studied in isolation, the presents results
require further investigation into the evolution of rotator
cuff morphology and shoulder strength over time.

The KJOC is a numeric score representing self-reported
function of the shoulder and elbow specifically designed
and validated for overhead populations.!4 The results of
the present study reveal a non-significant decrease in mean
KJOC scores over the course of the competitive season.
While no other study has investigated time-related changes
in KJOC strength in healthy, competing baseball athletes,

the current results are consistent with other single time-
point studies.1®2! Kraeutler et al. demonstrated a mean
pre-season KJOC score of 94.82 in professional baseball
pitchers, similar to the current findings of a score of 95.33
at preseason measures.l® Likewise, Franz et al. found a
KJOC score ranging from 96.8-97.1 in healthy, professional
baseball players without a history of arm injury.2! However,
there is a paucity in the literature that details the psycho-
metric properties of the English version of the KJOC and,
although the present findings are non-significant, there are
no known published minimal clinically important differ-
ence scores available to further analyze the interpretation
of these changes.?3 As the KJOC score is a responsive mea-
sure to detect changes in self-perceived function in baseball
athletes, this tool, combined with the previously published
scores for healthy, uninjured baseball athletes, the present
data can be used as a reference to compare observed scores
and potentially screen athletes who are perceiving deficits
in perceived arm health.

This study is not without limitations. First, the current
study included athletes from only local Division I collegiate
baseball teams; results may not be directly applicable to
similar athletes at other collegiate levels of play (Division
II, Division III, etc.). Second, variations in training ap-
proaches across Division I baseball may influence shoulder
strength changes throughout the course of a season; the
present study did not include or monitor any strengthening
interventions throughout the season; therefore, no defini-
tive conclusions can be drawn on the effects of participa-
tion in an in-season shoulder strengthening program on
shoulder strength testing. Testing positions for rotational
shoulder strength varies across the literature. In this study,
rotational shoulder rotational strength was measured iso-
metrically in a seated position with the elbow flexed to
90° with the shoulder in neutral at 0° of abduction. This
position allows for improved standardization of the mea-
surement position but is not representative of a functional
throwing position and may allow for increased recruitment
of secondary muscle groups compared to other measure-
ment positions. While the study staff continuously mon-
itored the testing positions for substitutions (trunk lean,
trunk rotation, etc.) during isometric strength testing, the
results could be impacted by the methodology employed.
Finally, the results of this study did not assess for differ-
ences between playing position, although significant vari-
ations in throwing volume and performance demands exist
between these groups. However, no significant were found
effect for position, suggesting that pitchers and position
players demonstrate similar observed changes in normal-
ized shoulder strength over time.

CONCLUSIONS

Collegiate baseball players demonstrate statistically signif-
icant changes in body mass normalized shoulder strength
over the course of the competitive season without statisti-
cally significant changes to self-perceived function. No dif-
ferences were detected between pitchers and non-pitchers,
suggesting these changes over time are not position-spe-
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cific despite differences in the throwing-related demands
between pitchers and non-pitchers. The methodology em-
ployed, particularly the use of a normalization method to
improve comparability between athletes of differing an- None of the authors have any conflicts of interest to dis-
thropometric profiles, can be reliably and readily repro- (jgse.

duced by clinicians and researchers. These shoulder

strength values can be used as clinical benchmarks when ¢ oo August 04, 2025 CDT. Accepted: September 11,
evaluating strength in similar populations over the course 9025 CDT. Published: October 01. 2025 CDT.
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