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Background 
Deficits in shoulder range of motion (ROM) and strength are associated with risk of arm 
injury in baseball players. 

Purpose 
The purpose of this study was to assess the effectiveness of a standardized exercise 
program, during the fall season, on shoulder ROM and rotational strength in collegiate 
baseball players. 

Study Design 
Prospective cohort study 

Methods 
Passive shoulder internal rotation (IR), external rotation (ER), and horizontal adduction 
ROM were measured with an inclinometer. Shoulder IR and ER strength was assessed 
using a hand-held dynamometer and normalized to body weight. Players performed a 
program of shoulder stretching and strengthening exercises, three times/week for one 
month and then one time/week for two months. Paired sample t-tests compared 
pre-intervention to post-intervention outcome measures. 

Results 
Division I baseball players (n=43; 19.6±1.2years, 185.8±5.5cm, 90.5±7.0kg) volunteered. 
From pre- to post-intervention, there were increases in horizontal adduction ROM in the 
throwing (Mean Difference (MD)=6.1°, 95%CI=3.7,8.5; p<0.001) and non-throwing arm 
(MD=8.0°, 95%CI=5.6,10.3; p<0.001), and a decrease in non-throwing arm ER ROM 
(MD=2.8°, 95%CI= 0.2,5.5; p=0.039). The ER ROM surplus (throwing – non-throwing) 
increased (MD=5.6°, 95%CI= 1.1,10.2; p=0.016). Throwing arm (MD=1.3%BW, 
95%CI=0.5-2.1, p=0.003) and non-throwing arm (MD=1.2%BW, 95%CI=0.4,2.0; p=0.004) 
ER strength decreased. A notable, but non-significant increase in IR strength on the 
throwing arm (MD=1.6%BW, 95%CI=0.1,3.0; p=0.055) and decrease on the non-throwing 
arm (MD=1.2%BW, 95%CI=0.0,2.4; p=0.055) occurred. Additionally, throwing arm ER:IR 
strength ratio (MD=0.16, 95%CI=0.08,0.25; p<0.001) also decreased. 

Conclusion 
Changes in shoulder horizontal adduction ROM, IR strength and relative ER surplus on 
the throwing arm were noted at the end of the season. The lack of change in IR and ER 
ROM and may be related to the lack of deficits at the start of the fall season. 
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Level of Evidence 
2. 

INTRODUCTION 

Upper extremity injuries impact player health and well-be-
ing, and can result in time-loss. The shoulder (21.2%) and 
elbow (15.5%) are injured most frequently in college base-
ball players.1 Strength and range of motion (ROM) deficits 
have been shown to be related to injury risk and perfor-
mance.2–4 There is limited evidence that structured inter-
vention programs can change modifiable risk factors such as 
strength and ROM, and the relationship to injury reduction. 

Many baseball players have altered shoulder ROM related 
to humeral retrotorsion and posterior shoulder tissue tight-
ness.5–11 While humeral retrotorsion is not modifiable, 
posterior shoulder tightness that restricts shoulder internal 
rotation and horizontal adduction ROM can be improved 
with stretching interventions.12–20 Specifically, cross-body 
stretching and the sleeper stretch have been shown to im-
prove shoulder ROM.12–20 Changes in shoulder ROM and 
strength can occur over the baseball season related to base-
ball activities.21–24 Strengthening interventions may mit-
igate this decrease in shoulder strength,25 shoulder en-
durance,26 and throwing velocity25,27–29 in baseball 
players. 

Interventions that target deficits in shoulder ROM and 
strength may help to reduce injury rates in baseball players. 
Although some studies indicate that prevention programs 
may reduce the incidence of injuries,30 the research is con-
flicting in overhead athletes.31 Shitara et al.32 found that 
high school baseball pitchers who performed daily posterior 
shoulder stretching had a lower incidence of upper extrem-
ity injury than pitchers who did not perform stretching or 
strengthening. Pitchers who performed both stretching and 
external rotation strengthening exercises had similar injury 
incidence as those who only performed stretching. Youth 
baseball players performing stretching, dynamic mobility, 
and balance training had a lower incidence of shoulder and 
elbow injury in a year than players who did not perform 
the intervention.33 Shoulder horizontal adduction deficits 
on the non-dominant side also improved with the interven-
tion. 

Characterizing the effects of an exercise program on 
modifiable shoulder-related risk factors in collegiate base-
ball players is needed. Programs that target deficits in 
shoulder ROM and strength may lead to a reduction in in-
juries. The purpose of this study was to assess the effec-
tiveness of a standardized exercise program, during the fall 
season, on shoulder ROM and rotational strength in colle-
giate baseball players. It was hypothesized that a standard-
ized exercise program performed over the course of the fall 
season, would lead to improvements in shoulder ROM and 
strength. 

METHODS 
PARTICIPANTS 

This study was approved by the Institutional Review Board 
at the University of Southern California. Prior to participa-

tion, the procedures, risks, and benefits were explained, and 
written informed consent was obtained. Data were collected 
prospectively on Division I collegiate baseball players from 
a single team however not all of the participants completed 
every test. Data were collected pre-intervention (August 28, 
2017) and post-intervention (November 27, 2017) of the fall 
season. The fall season, while short, allowed confounding 
factors of certain players playing more games than others 
leading to the potential vast differences in player workload 
that would be present in the spring season to be minimized. 
Only two competitive baseball games were played during 
the time of the intervention. Participants were included if 
they were free from injury at the beginning of the fall sea-
son, and on the team roster for the full fall season. Exclu-
sion criteria included not cleared to participate in baseball 
activities. Data for the players who were not on the team for 
the full fall season were excluded from the analysis. 

An a priori power analysis was conducted using 
G*Power3 to test the difference between two dependent 
means using a two-tailed test, an alpha of 0.05, and a power 
of 0.8. An effect size of 0.46 was calculated from previously 
reported data on the mean difference (4.7°) and standard 
deviation (10.2°) of glenohumeral internal rotation deficit 
(pitching arm IR - non-pitching arm IR; GIRD) between 
injured and non-injured youth pitchers.3 It was estimated 
that a sample size of 39 participants would be needed. 

EXERCISE PROGRAM 

Participants performed structured training three times a 
week from August 29, 2017 to October 3, 2017 under the su-
pervision of a certified strength and conditioning specialist. 
From October 3, 2017 to November 26, 2017 training was 
only performed once a week. A comprehensive list of the 
exercises in the structured training program can be found 
in Appendix A. Participants performed three to five sets of 
5-15 repetitions of the exercises with a load at 70-80% of 
their 1-repetition maximum. One-repetition maximum was 
determined by first estimating a near-maximal load that 
each athlete could perform two to three repetitions. After a 
two to three minute break, weight was increased 5-10% for 
upper body exercises and 10-20% for lower body exercises. 
This process was repeated until the maximal load that an 
athlete could lift one time was obtained. 

PROCEDURES 

A health history form was completed by each participant to 
assess demographics, injury and surgical history. Shoulder 
passive ROM and strength were assessed bilaterally. 

SHOULDER ROM 

Passive internal rotation (IR), external rotation (ER), and 
horizontal adduction (HAdd) were measured with a digital 
inclinometer (Figure 1). The measures were assessed with 
the participant supine and the shoulder positioned in 90° of 
abduction and the elbow flexed 90°. For IR and ER, the in-
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clinometer was placed parallel to the forearm. An examiner 
placed their hand on the anterior-superior scapula, mon-
itoring scapular position and applying slight overpressure 
at the end range of each motion. Shoulder HAdd ROM at 
90° of shoulder flexion and the elbow in a relaxed flexed 
position. An examiner stabilized the lateral border of the 
scapula and the humerus was moved into horizontal adduc-
tion until the lateral border of the scapula moved against 
the examiner’s hand. The inclinometer was aligned parallel 
to the humerus. Two trials were performed bilaterally for 
each measure. Data for the two trials were then averaged for 
analysis. Total ROM (ER + IR), glenohumeral internal rota-
tion deficit (pitching arm IR - non-pitching arm IR; GIRD), 
and external rotation surplus on the pitching arm (pitch-
ing arm ER - non-pitching arm ER; ERS) were calculated 
from the measured ER and IR values. Interclass correlation 
coefficient (ICC), standard error of the measure (SEM), and 
minimal detectable change (MDC90%) were calculated prior 
to the start of the study to determine test-retest reliabil-
ity. Test-retest reliability was established on 10 individu-
als prior to beginning testing. Shoulder IR ROM had an ICC 
(3,2) of 0.91, SEM of 3.4°, and MDC90% of 1.4°; ER ROM had 
an ICC (3,2) of 0.98, SEM of 0.7°, MDC90% of 1.6°, ERS had 
an ICC (3,2) of 0.96, SEM of 2.1°, and MDC90% of 5.0°; and 
GIRD had an ICC (3,2) of 0.95, SEM of 2.2°, and MDC90% of 
5.2°. 

SHOULDER STRENGTH 

Shoulder IR and ER strength were both measured with the 
participant seated. The arm being tested was positioned by 
the side, and the elbow flexed to 90° (Figure 2). A rolled 
towel was placed between the trunk and the humerus to 
standardize the positioning and ensure the elbow remained 
by the side during testing. A handheld dynamometer (Hog-
gan Scientific, Lafayette, IN) was attached to a specialized 
stabilizing device and aligned forearm just proximal to the 
wrist. Two maximal effort isometric contractions with the 
instructions to ‘push as hard as possible for 5 seconds’ were 
performed bilaterally. One minute of rest was allotted be-
tween each trial. The mean of the two trials was calculated 
for data analysis and strength values were normalized to 
body weight. Test-retest reliability for shoulder isometric 
strength was established prior to data collection. Test-
retest reliability for shoulder IR strength indicated an ICC 
(3,2) of 0.96, SEM of 0.09N/kg, and MDC90% of 0.20N/kg; 
and for shoulder ER strength ICC (3,2) of 0.95, SEM of 
0.08N/kg, and MDC90% of 0.18N/kg. For ER:IR, the ICC 
(3,2) was 0.97, the SEM was 0.05N/kg and for the MDC90% 
of 0.11N/kg. 

Figure 1. Shoulder range of motion measures- 
Shoulder internal rotation, Shoulder external 
rotation and Shoulder horizontal adduction. 

Figure 2. Shoulder strength testing - ER and IR. 

STATISTICAL ANALYSIS 

Each dependent variable was averaged across two trials col-
lected for both the pre-intervention and post-intervention 
data collections. Mean values for each dependent variable 
were submitted to paired samples t-tests to determine 
changes in shoulder ROM and strength following the in-
season exercise program. Statistical significance was set a 
priori at p < 0.05 and all analyses were performed using 
RStudio (RStudio Team (2020). RStudio: Integrated Devel-
opment Environment for R. RStudio, PBC, Boston, MA URL 
http://www.rstudio.com/). Responders were defined as any 
participant whose values for a measure exceeded the MDC. 

RESULTS 

Data were collected on 43 baseball players (n = 43, age = 
19.6 years, height = 1.86 m, weight = 90.3 kg). One partici-
pant was lost to follow-up. 
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Table 1. Demographics, mean (SD) unless noted N for throwing arm and position 

Throwing Arm (N) Position (N) 

Subjects (N) Age (yrs) Height (cm) Weight (kg) Yrs Played Right Left Pitcher Catcher Infield Outfield 

43 19.6 (1.2) 185.8 (5.5) 90.5 (7.0) 13.8 (2.9) 32 11 21 5 13 8 
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Table 2. Shoulder range of motion, mean (SD) and mean differences over time 

Pre-
Season 

Post-
Season 

p-
Value 

Mean Difference 
(95% CI) 

Throwing Arm 

Internal Rotation 29.7 
(10.9) 

29.7 (8.9) 0.979 - 

External Rotation 109.8 
(11.3) 

112.6 
(9.3) 

0.169 - 

Total (ER+IR) 140.2 
(14.0) 

142.0 
(14.2) 

0.458 - 

Horizontal 
Adduction 

-4.0 (6.4) 2.1 (5.6) <0.001 6.1 (3.7, 8.5) 

Non-Throwing Arm 

Internal Rotation 36.6 (8.6) 37.3 (9.0) 0.622 - 

External Rotation 105.4 
(9.9) 

102.6 
(9.1) 

0.039 2.8 (0.2, 5.5) 

Total (ER+IR) 142.0 
(13.8) 

139.9 
(11.0) 

0.326 - 

Horizontal 
Adduction 

1.3 (4.7) 9.3 (8.4) <0.001 8.0 (5.6, 10.3) 

Throwing Arm vs Non-Throwing 
Arm 

GIRD -6.2 
(13.1) 

-7.9 (11.2) 0.368 - 

ERS 5.4 (11.5) 11.0 
(10.0) 

0.016 5.6 (1.1, 10.2) 

Bold font indicates statistical significance. 

SHOULDER ROM 

On the throwing arm, only HAdd ROM (p < 0.001) signif-
icantly increased from pre-intervention to post-interven-
tion (Table 2 & Figure 3). Seventy-one percent were con-
sidered responders to the exercise intervention for HAdd 
ROM (Figure 3). Internal rotation, ER, and total ROM did 
not significantly change over time (p > 0.05). On the non-
throwing arm, ER ROM decreased (p = 0.039) while HAdd 
ROM increased (p < 0.001) from pre-intervention to post-in-
tervention (Table 2). There were no significant differences 
over time for IR or total ROM (p > 0.05). For ERS, there was 
a significant increase (p = 0.016) from pre-intervention to 
post intervention while no significant change in GIRD (p > 
0.05) was observed (Table 2). Fifty-six percent of partici-
pants were considered responders to the exercise interven-
tion for ERS (Figure 4). 

SHOULDER STRENGTH 

On the throwing arm, ER strength (p = 0.003) and ER:IR 
(p <0.001) significantly decreased (Table 3). On the non-
throwing arm, ER strength also decreased (p = 0.004), but 
no change in ER:IR strength ratio was observed (p > 0.05). 
A notable increase in IR strength on the throwing arm and 
decrease on the non-throwing arm was observed, but nei-
ther change was significant (p = 0.055 for both). Fifty-seven 
percent of participants were considered responders to the 
exercise intervention for IR strength (Figure 5). When com-
paring the strength of the throwing arm to the non-throw-
ing arm, the IR strength ratio between arms significantly in-
creased (p < 0.001), indicating an increase in IR strength in 

Figure 3. Individual responsiveness of shoulder 
horizontal adduction range of motion to the 
intervention. 

Black lines indicate individual responses for horizontal adduction range of mo-
tion and grey bars show the mean group values. Responders exceeded the mini-
mal detectable change indicating changes were not due to measurement error. 

the throwing arm relative to the non-throwing arm, but no 
significant difference was observed in the ER strength ratio 
(Table 3). 

DISCUSSION 

A standardized exercise program successfully increased 
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Table 3. Shoulder strength (N/kg), mean (SD) and mean differences over time 

Pre-
Season 

Post-
Season 

p-
Value 

Mean Difference (95% 
CI) 

Throwing Arm 

External 
Rotation 

1.47 
(0.28) 

1.34 (0.25) 0.003 0.13 (0.05, 0.21) 

Internal 
Rotation 

1.78 
(0.48) 

19.7 (1.93) 0.055 0.16 (0.01, 0.29) 

ER:IR Ratio 0.88 
(0.26) 

0.71 (0.14) <0.001 0.17 (0.08, 0.25) 

Non-Throwing Arm 

External 
Rotation 

1.51 
(0.23) 

1.39 (0.26) 0.004 0.12 (0.04, 0.20) 

Internal 
Rotation 

1.96 
(0.39) 

1.84 (0.39) 0.055 0.12 (0.00, 0.24) 

ER:IR Ratio 0.79 
(0.14) 

0.77 (0.15) 0.64 - 

Throwing Arm vs Non-Throwing 
Arm 

IR Strength 
Ratio 

0.92 
(0.19) 

1.09 (0.18) <0.001 0.17 (0.08, 0.27) 

ER Strength 
Ratio 

0.99 
(0.18) 

0.99 (0.20) 0.872 - 

Bold font indicates statistical significance. 

shoulder HAdd ROM from pre-intervention to post-inter-
vention in collegiate baseball players. Additionally, ERS in-
creased from pre- to post-intervention, indicating greater 
ER surplus on the throwing arm. Half of the participants 
(56%) demonstrated a meaningful increase in ERS following 
the intervention. Contrary to the hypothesis, a decrease 
in shoulder ER strength and ER:IR strength ratio also oc-
curred. Athlete exposure to baseball participation can result 
in both acute and chronic adaptations to ROM and strength 
of the shoulder.21,23,24,34 Exercise interventions that main-
tain or increase ROM and can counteract the physiological 
adaptations that may occur as a result of baseball partic-
ipation.21 These results indicate that a standardized exer-
cise program performed throughout the season may be ben-
eficial for targeting certain modifiable physical factors to 
maintain and limit the loss of strength. Targeting modifi-
able factors such as shoulder ROM and strength through 
an exercise intervention program may help to reduce injury 
risks in baseball players, however this aim is outside the 
scope of preliminary investigation. 

Shoulder HAdd ROM, which assesses posterior shoulder 
tightness, was the only shoulder ROM variable that changed 
following the intervention on the throwing arm. A majority 
of the participants (71%) demonstrated a meaningful in-
crease in HAdd following the intervention but some may 
have had limitations to begin with. There was a 6.1° in-
crease in the HAdd from pre to post-intervention, which 
exceeds measurement error (MDC90%) of 4.2° for passive 
HAdd.2 A similar noted increase in HAdd ranging between 
15.7° and 17.5° in professional baseball players from pre to 
post-intervention.35,36 While Chan et al.35 did not provide 
an intervention, all players participated in posterior shoul-
der stretching drills which may have accounted for their ob-
servations. McGraw et al.36 provided a stretching and mobi-
lization intervention, but only for athletes that exhibited a 
deficit in ER, IR, or HAdd in their throwing arm compared to 

Figure 4. Individual responsiveness of shoulder 
external rotation surplus range of motion to the 
intervention. 

Black lines indicate individual responses for external rotation surplus and grey 
bars show the mean group values. Responders exceeded the minimal detectable 
change indicating changes were not due to measurement error. 

their non-throwing arm. The current intervention similarly 
included soft tissue mobilization of the posterior shoulder 
musculature with a lacrosse ball or Theragun (Therabody, 
Los Angeles, CA), as well as cross-body stretching, yet in-
creases in Hadd were less than half that of previous litera-
ture. It is possible that the difference in competitive levels 
and temporal factors partially accounted for this discrep-
ancy. Both Chan et al.35 and McGraw et al.36 studied profes-
sional athletes whose seasons last six to seven months. The 
athletes in this study were tested before and after their fall 
season which only lasted two months. 

Contrary to the hypothesis, no changes in IR, ER, or total 
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ROM (IR+ER) were observed on the throwing arm. In profes-
sional pitchers, decreased shoulder IR and total ROM have 
been observed for up to 24 hours after pitching,21 but the 
findings on long-term changes are inconsistent. Dwelly et 
al.22 found that ER ROM significantly increased by 2.9° from 
preseason to postseason in collegiate pitchers, but Freehill 
et al.34 found no changes in ER, IR or total ROM for profes-
sional pitchers. 

Considering the effectiveness of posterior rotator cuff 
and cross-body stretching routines, it appears that the 
stretching intervention in the present study may have 
countered any acute changes in IR ROM typically observed, 
but did not further increase IR ROM beyond its preseason 
value.12,19,36 The current intervention did not further affect 
the players ROM beyond each pitcher’s normal arm care 
program. Deficits in total ROM are related to shoulder and 
elbow injury.37–39 However, no changes in total ROM were 
observed in this study. This result may have been due to 
players having a high total ROM of 140° prior to the exercise 
program so large improvements were not expected due to a 
ceiling effect. Total ROM was similar to what has previously 
been reported in collegiate baseball and softball players.22 

When comparing between arms, the hypothesis was par-
tially supported. No change in GIRD was observed, but ER 
surplus improved as noted with an improved ERS of 5.6°. 
The increased ERS was driven by an increase of 2.7° in the 
throwing arm ER with accompanying decrease of 2.8° ER 
in the non-throwing arm. The change in ERS exceeded the 
MDC90% of 1.6° indicating the change was likely meaning-
ful and not due to measurement error. A lack of ERS on 
the throwing arm has been identified as a risk factor for in-
jury in baseball players.4 Specifically, those who exhibit less 
than 5° surplus of ER ROM on their throwing arm compared 
to their non-throwing arm are 1.9 times as likely to suffer 
an upper extremity injury.4 

The ratio of ER:IR strength ranges from 63-98% in the 
throwing arm of healthy baseball players.26,40–43 Baseball 
players in the current study had ER:IR strength ratio de-
creased from 88% to 71% over the course of the season. The 
ratio decreased due to players having a decrease in throw-
ing arm shoulder ER strength and a notable, but insignifi-
cant, increase in shoulder IR strength. However, while the 
change in ER:IR ratio exceeded its MDC value, the changes 
in its constituents did not exceed their respective MDC val-
ues, and therefore may have been caused by measurement 
error. The decrease in shoulder ER strength could be related 
to a decrease in the frequency of training as the season 
progressed. Players were initially participating in training 
three times a week following testing and then training de-
creased to once a week. The internal rotators were not ad-
versely affected by the change in the training schedule, 
which may be due to their role during throwing. The ER 
muscles act eccentrically during the deceleration phase of 
throwing whereas the IR muscles are required to work both 
concentrically and eccentrically throughout the throwing 
motion.44 Therefore, the difference in loading of the IR 
muscles compared to ER muscles may account for the ob-
served changes in strength. Half of the participants (57%) 
demonstrated a meaningful increase in IR strength. Consid-
ering the changes in ER and IR strength were smaller than 
their respective MDC values, the use of any arm care inter-

Figure 5. Individual responsiveness of throwing arm 
internal rotation strength to the intervention. 

Black lines indicate individual responses for internal rotation strength and grey 
bars show the mean group values. Responders exceeded the minimal detectable 
change indicating changes were not due to measurement error. 

ventions to maintain or build strength during the season 
should be further investigated. A longer intervention would 
likely have been beneficial for improving strength but was 
logistically challenging with the cohort of Division I play-
ers. The athletes are restricted to the number of hours they 
can participate in training and practice each week. 

Shoulder isokinetic strength changes have been observed 
following the season in high school pitchers.23,45 Whitley 
et al.23 found that shoulder HAdd and shoulder IR strength 
decreased in the throwing and non-throwing arm, however 
ER strength did not change. The intervention they used 
may have been helpful in increasing IR strength but not ER 
strength.23 When evaluating the exercises they prescribed 
for the players, the players primarily performed dynamic 
and compound exercises.23 Lack of isolated strengthening 
of the external rotators may have contributed to the de-
creased ER strength. In a study evaluating upper extremity 
muscular endurance on baseball players during a 20-week 
pre-season training program, increased posterior shoulder 
muscular endurance was observed.26 The exercises behind 
this change, during the 20-weeks, consisted of low resis-
tance and high repetition with a combination of both iso-
lated and compound exercises.26 Therefore, incorporating 
more isolated strengthening of the external rotators with 
emphasis on endurance may be important to sustain 
strength in these muscles over the course of a season. It is 
also possible that testing strength eccentrically may have 
resulted in differences following the training program since 
this may more closely relate to the demands of throwing. 

Muscle activation for various iterations of most of the 
exercises used in the current intervention have been exam-
ined. Low (0-20% maximal voluntary isometric contraction) 
to moderate (21-40% maximal voluntary isometric contrac-
tion) level activation of the rotator cuff and scapular stabi-
lizer muscles have been observed for most of the exercises 
in healthy non-overhead athletes.46,47 High muscle activa-
tion exercises may be more effective in improving isometric 
strength in overhead athletes but evidence of this is limited. 
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Of the electromyography studies reported in the literature, 
most are done in healthy non-overhead athletes and not 
baseball players therefore it limits their generalizability to 
baseball players. 

The outcome assessment for muscle performance in this 
study was isometric strength with a hand-held dynamome-
ter. Clearly, this is just one aspect of muscle performance. 
The exercises may be influencing neuromuscular factors 
that were not assessed with the outcome measure of iso-
metric strength. Perhaps it is not the exercises but rather 
the outcome assessment that contributed to the lack of ob-
served changes. It is also possible that large changes in 
strength in high level athletes during the season do not oc-
cur and maybe the changes were not strength related but 
due to rate of force development. Rate of force development 
is the rate that and individual can generate maximal force 
production during a given activity.48 Rate of force develop-
ment utilizes the stretch-shortening cycle of a muscle and 
is optimized when maximal force is produced in the shortest 
amount of time possible.48 The methods used in the current 
study were not able to assess the influence of rate of force 
development but should be considered in the future. 

This study has limitations. Data were collected on a sin-
gle Division I baseball team, limiting generalizability to 
other levels of competition. It is unknown if players did 
additional exercises beyond what they were prescribed by 
the strength and conditioning specialist. Without a control 
group, the authors cannot assert that the changes observed 
were due solely to the training. It is possible that players 
had ROM or strength adaptations that occurred due to base-
ball participation.22 This study was a preliminary investi-
gation designed to test the exercise program and obtain pi-
lot data for a future randomized controlled trial. The goal of 
a future randomized controlled trial would be to determine 
the effectiveness on injury rates. The fall season was chosen 
because college baseball teams focus more on practice and 
strength training during this time period in order to prepare 
for the competitive spring season. During the spring season, 
the focus of strength training programs moves into a main-
tenance phase of the periodized programming due to the 
number of competitive games that are played during this 
period. The results may have been different had changes 
in shoulder ROM and strength, been examined during the 
spring season. However, performing this study during the 
spring season would have introduced the confounding fac-
tors of athlete exposure to the demands of playing baseball 
during more games as some players who are starters would 
have greater exposure than players who compete less fre-
quently. With less games being played in the fall season 

there was potentially less undue influence of athlete expo-
sure on the results. Alternatively, the dosing and duration 
of the program may not have been adequate to elicit change 
in some variables. 

CONCLUSIONS 

Performing a standardized exercise program was demon-
strated to be beneficial for improving shoulder HAdd ROM 
and ERS (improving the relative amount of ER on the throw-
ing arm) in collegiate baseball players. Baseball players of-
ten present with altered ROM and strength patterns due to 
the frequency and repetitive nature of the sport. Being able 
to effectively target shoulder musculature to improve ROM 
and strength may help to decrease the incidence of injury 
and improve performance. The lack of change in IR and ER 
ROM may be related to the lack of deficits at the start of the 
season. 
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