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Context: Increased pitch volume and altered glenohumeral
(GH) and hip range of motion (ROM) and strength contribute to
injury risk in baseball pitchers. Although these factors affect one
another, whether they are related is unknown.

Objective: To examine relationships among cumulative and
seasonal pitch volume, ROM, and strength of the GH and hip
joints in youth baseball pitchers.

Design: Cross-sectional study.
Setting: Baseball practice facilities.
Patients or Other Participants: A total of 28 healthy

baseball pitchers (age ¼ 13.9 6 2.9 years).
Main Outcome Measure(s): A demographic and pitching

questionnaire was used to quantify pitch volume. Glenohumeral
internal-rotation (IR) and external-rotation (ER) ROM and
strength of the throwing arm; total arc of motion (IR þ ER
ROM); and bilateral hip IR, ER, and total arc of motion ROM and
strength in IR, ER, and abduction were measured. A goniometer
was used to assess ROM; a handheld dynamometer, to assess
strength. Frequency analyses and bivariate correlations (age
covariate) described data and identified relationships.

Results: Correlations between years of competitive play
and increased strength in lead-leg hip IR (r¼ 0.52, P¼ .02) and
abduction (r¼ 0.48, P¼ .04) and stance-leg hip IR (r¼ 0.45, P¼
.05) were fair to good. The number of months played in the last
year had a fair correlation with decreased GH IR strength (r ¼
�0.39, P ¼ .04) and increased stance-leg hip IR strength (r ¼
0.44, P ¼ .05). Limited pitch time had a fair correlation with
increased GH ER ROM (r ¼ 0.40, P ¼ .04) and an excellent
correlation with increased lead-leg hip IR ROM (r ¼ 0.79, P ,

.001). Increased innings pitched per game had a fair to good
correlation with decreased GH IR strength (r ¼�0.41, P ¼ .04)
and stance-leg hip ER ROM (r ¼�0.53, P ¼ .03). More pitches
per game had a fair to good correlation with increased GH ER
ROM (r¼ 0.44, P¼ .05) and decreased stance-leg hip ER ROM
(r ¼�0.62, P ¼ .008).

Conclusions: The significant relationships identified in this
study suggest the need to further examine youth and adolescent
cumulative and seasonal pitch guidelines.
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Key Points

� Significant relationships between cumulative and seasonal pitch volumes and range of motion and strength of the
glenohumeral and hip joints were present in healthy young baseball pitchers.

� Pitch guidelines should be examined and consideration given to limiting the number of months pitched per year and
the number of innings pitched per game in a month.

� Injury-prevention programs should include glenohumeral internal-rotation strength exercises and hip external-
rotation range-of-motion stretches.

A
pproximately 27 million child and adolescent
athletes in the United States participate annually
in organized youth athletics.1 More than 2 million

Little League players2 and almost 500 000 male student-
athletes play interscholastic baseball.1 Although involve-
ment in sport has many health and social benefits, the high
physical demands of sport participation are also associated
with an increased risk for injuries, particularly overuse
upper extremity injuries in baseball pitchers.3 Shanley et al4

reported that baseball pitchers were 3.6 times more likely to
sustain an upper extremity injury than position players,
with injury rates of 37.4% and 15.3%, respectively
(baseball and softball combined). The increased frequency
and throwing volume, particularly in young pitchers,
emphasizes the need to gain more insight into injury-risk
factors.

Recognition of rising upper extremity injury rates in
youth baseball led to pitch-frequency and -count guide-
lines.5 Limiting participation in high-load and high-
repetition throwing activities was well intended, but not
all baseball associations adopted these guidelines, and
many would argue that the guidelines were not broad
enough to effectively reduce injury risks and rates. In recent
years, authors5–7 reported that increased shoulder and elbow
pain and injuries were associated with cumulative (years of
competitive play, months played per year) and seasonal
(pitchers per inning, innings per game, games per season)
measures of pitch volume. Better tracking of pitch volume
and a greater understanding of its role in injury risk are
clearly needed.

Recognizing alterations in physical characteristics, spe-
cifically range of motion (ROM) and strength, may help us
to identify injury risk and develop targeted prevention
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strategies.3,4,8–13 Pitchers often present with an altered
glenohumeral (GH) ROM profile, such that external
rotation (ER) is increased and internal rotation (IR) is
decreased due to humeral retroversion in the throwing arm
compared with the nonthrowing arm.14,15 The additional
loss of IR ROM resulting from posterior soft tissue
contracture has been identified as an injury risk factor.16

Similarly, deficits in GH strength, particularly in ER, the
ER : IR ratio, and the supraspinatus muscle, are associated
with increased injury risk.11 The body of research to date
examining GH ROM and strength alterations in pitchers has
guided injury-prevention programming. However, while
addressing GH ROM and strength deficits, clinicians must
also consider and integrate other joints, such as the hips, in
the rehabilitation program and modify throwing practices to
successfully and effectively prevent injury.

The lower extremity and particularly the hips are integral
to force generation and transfer through the kinetic chain
during the throwing motion. Stance-leg (ipsilateral leg to
the throwing arm) ROM and strength are needed to move
and stabilize the pelvis as the body shifts over the leg from
the cocking phase, through ball acceleration, and into ball
release while the lead leg (contralateral leg to the throwing
arm) must position the foot using hip rotational ROM as the
body progresses toward the plate. More recently, increased
emphasis on the hips and their role in the pitching motion
has led to the study of hip ROM and strength—specifically,
how these measures compare bilaterally and between
positions and whether they are related to GH ROM.17–20

Results varied, yet few investigators9 examined hip
measures in young baseball players, and to our knowledge,
no one has assessed relationships between pitch volume and
hip ROM and strength.

Determining whether associations exist among pitch
volume and GH and hip ROM and strength in youth
pitchers can offer insight into injury risk factors and
evidence-based recommendations for injury-prevention
programs. Therefore, the purpose of our study was to
determine whether correlations existed between cumulative
and seasonal pitch volumes and ROM and strength of the
GH and hip joints in youth baseball pitchers.

METHODS

Design

We used a prospective, cross-sectional design. Partici-
pants completed a self-reported demographic and pitching
history questionnaire. Responses from the questionnaire
allowed us to assess cumulative and seasonal pitch
volumes, which were then used as quantitative and
categorical variables, respectively, in our correlation
analyses. Throwing-arm (GH joint) and bilateral hip
(stance- and lead-leg) ROM and strength were the
dependent quantitative variables. Specifically, GH and hip
IR ROM, ER ROM, and total arc of motion (TAM) were
measured in degrees; GH as well as hip IR, ER, and
abduction strength were measured in kilograms (kg) of
force.

Participants

A convenience sample of 28 healthy male baseball
pitchers was recruited from youth baseball leagues and

local high schools. Team coaches allowed the researchers
to attend practices to recruit, obtain consent, and test
pitchers. At the time of the study, participants were on a
baseball roster with no activity restrictions. Baseball
pitchers who self-reported a history of nerve injury or
were not currently cleared to fully participate in baseball
due to a medical condition were excluded from the study.
We described the study to both the parents or guardians and
pitchers and answered all questions. Before testing, parental
consent and participant assent were obtained. The institu-
tional review board approved this study.

Procedures

Data collection occurred over a 3-week period in the first
half of the spring baseball season. Testing of each
participant occurred in a single, field-based, 30-minute
session. Participants completed the self-report question-
naire that asked about demographics (age, height, mass,
arm used to pitch, current level of play) and cumulative and
seasonal pitch volumes. If needed, a parent or guardian
assisted the pitcher in completing the questionnaire. No
information was collected from the coaches to confirm the
accuracy of the self-reported responses. The cumulative
pitch-volume variables of years of competitive play and
months played in the last year were numeric write-in
responses. Other pitch-volume questions and responses
were categorical; they asked about pitching in the last
month (endorsement of limited pitch time, times pitched
per week, innings pitched per game, pitches per game, and
days per week on which more than 40 pitches were
thrown).

Shoulder Assessments. A standard goniometer with a
bubble level was used for all ROM measures in this study.
For all throwing-arm GH ROM measures, the participant
lay supine on a table with the shoulder abducted to 908 and
the elbow flexed.7,18 A towel roll was placed under the arm
to maintain humeral position. One examiner stabilized the
scapula while passively rotating the participant’s GH joint
into IR and ER until an end feel was detected. A second
examiner aligned the moveable arm of the goniometer
along the ulnar border and recorded the angle in degrees.
Intrarater reliability for the GH ROM measures was high
(intraclass correlation coefficient [ICC] ¼ 0.96�0.98).

A handheld dynamometer (Hoggin Health Industries, Salt
Lake City, UT) was used for all strength measures in this
study. For all throwing-shoulder strength measures, the
participant was seated upright on a table with the shoulder
abducted to 908 and the elbow flexed. The participant was
instructed to internally (‘‘push forward’’) and externally
(‘‘push back’’) rotate against the examiner’s manual
resistance, which was applied to the distal forearm while
the examiner held the dynamometer and stabilized the
shoulder. The amount of force used to resist the examiner
was recorded in kilograms. Intrarater reliability for shoulder
strength measures was good (ICC ¼ 0.72�0.81).

Hip Assessments. For all bilateral hip ROM measures,
the participant was prone on a table with the hips adducted
(neutral position) and the knees flexed to 908. One examiner
stabilized the hip and then passively rotated it into IR and
ER until an end feel was detected. A second examiner
aligned the moveable arm of the goniometer along the tibial
border and recorded the angle in degrees.9,20 Intrarater
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reliability for hip ROM measures was high (ICC ¼
0.93�0.98).

For bilateral hip IR and ER strength21 measures, the

participant was seated on a table with the thigh supported

and the legs hanging over the edge of the table. The pitcher

was instructed to internally (‘‘push out’’) and externally

(‘‘push in’’) rotate against the examiner’s manual resistance,

which was applied to the distal leg while the examiner held

the dynamometer and stabilized the thigh. Then, the player

was positioned side lying on a table with both hips and

knees flexed to 908. The participant was instructed to

abduct and externally rotate the hip slightly while raising

the entire limb against the examiner’s manual resistance,21

which was applied to the distal lateral thigh while the hip

was stabilized. The amount of force used to resist the

examiner for all hip-strength measures was recorded in

kilograms. Intrarater reliability for hip-strength measures

was high (ICC ¼ 0.81�0.95).

Statistical Analysis

Before data collection, we performed pilot testing on a
sample of youth baseball pitchers (approximately 7) and
young adults (approximately 10). The same examiner
collected 2 sets of ROM and strength data in the same
session separated by approximately 20 minutes. The
examiner was blinded to the data, which were then used
to calculate the intratester reliability of each assessment.

For this study, we used the average of 2 measurements
for all shoulder and hip assessments. The collected data
were analyzed descriptively (mean, standard deviation,
frequency). Pearson product moment correlations with age
as a covariate were used to examine relationships between
cumulative and seasonal pitch volumes and throwing-
shoulder, lead-leg and stance-leg hip ROM and strength.
Correlation coefficients were interpreted as follows: 0.00–
0.25, little or none; 0.25–0.50, fair; 0.50–0.75, moderate to
good; and 0.75 and above, good to excellent.22 Alpha was
set a priori at �.05, 2 tailed. Data analyses were performed
using SPSS (version 22.0; IBM Corp, Armonk, NY).

RESULTS

A total of 28 right-handed (n¼ 21) and left-handed (n¼
7) pitchers (age¼ 13.9 6 2.9 years, height¼ 167.9 6 20.0
cm, mass¼ 61.3 6 18.6 kg) were tested. Pitchers reported
6.4 6 3.5 years of competitive play, and most currently
played at the secondary school level (middle school, n¼ 7;
secondary school, n ¼ 15; other [ie, youth club], n ¼ 6).

Self-reported pitch volumes are presented descriptively
(frequency and percentage) in Table 1. Descriptive
statistics (mean, standard deviation) for the shoulder and
hip ROM and strength measures are presented in Table 2.

Correlations between cumulative and seasonal pitch
volumes and GH and hip ROM and strength variables are
shown in Tables 3 and 4. Regarding cumulative pitch
volume, years of competitive play was significantly
correlated with increased hip strength, specifically lead-
leg IR (r¼ 0.52, P¼ .02), lead-leg abduction (r¼ 0.48, P¼
.04), and stance-leg IR (r¼ 0.45, P¼ .05). The number of
months played in the last year was significantly correlated
with decreased GH IR strength (r ¼�0.39, P ¼ .04) and
increased stance-leg hip IR strength (r ¼ 0.44, P ¼ .05).
Seasonal pitch volume (describing pitching over the last
month) was also significantly correlated with ROM and
strength variables. An endorsement of limited pitch time
was significantly correlated with increased GH ER ROM (r
¼ 0.40, P ¼ .04) and increased lead-leg hip IR ROM (r ¼
0.79, P , .001). A greater number of innings pitched per
game was significantly correlated with decreased GH IR
strength (r ¼�0.41, P ¼ .04) and decreased stance-leg hip
ER ROM (r¼�0.53, P¼ .03). A larger number of pitches
per game was significantly correlated with increased GH
ER ROM (r¼ 0.44, P¼ .05) and decreased stance-leg hip
ER ROM (r ¼ �0.62, P ¼ .008). The number of times

Table 1. Frequency of Self-Report Pitch-Volume Variables

Variable Frequency (% Endorsed)

Cumulative pitch volume

Months played in last y

�1 1 (3.6)

2�4 6 (21.5)

5�7 4 (14.3)

8�10 7 (25)

.10 10 (35.7)

Seasonal pitch volumea

Endorsement of limited pitch time 12 (44.4)

Times pitched/wk

1�2 18 (75.0)

3�4 5 (20.8)

�5 1 (4.2)

Innings pitched/game

1�2 11 (44)

3�4 10 (40)

5�6 3 (12)

�7 1 (4)

Pitches/game

,40 5 (23.8)

40�60 9 (42.9)

61–80 2 (9.5)

81–100 4 (19.0)

101�120 0 (0.0)

.120 1 (4.8)

Days/wk .40 pitches thrown

1�2 9 (45.0)

3�4 5 (25.0)

5�7 6 (30.0)

a Missing data: endorsement of limited pitch time (n ¼ 1), times
pitched/wk (n¼4), innings pitched/game (n¼3), pitches/game (n¼
7), and d/wk .40 pitches thrown (n ¼ 8).

Table 2. Glenohumeral and Hip Range of Motion and Strength in Baseball Pitchers (Mean 6 SD)

Joint

Range of Motion, 8 Strength, kg

Internal Rotation External Rotation Total Arc of Motion Internal Rotation External Rotation Abduction

Glenohumeral, throwing arm 48.1 6 12.6 103.4 6 10.8 151.5 6 13.8 12.0 6 4.1 8.2 6 2.2 Not applicable

Hip, lead leg 33.1 6 8.9 30.3 6 7.3 63.4 6 8.8 8.7 6 2.8 8.5 6 2.9 14.1 6 3.3

Hip, stance leg 30.2 6 6.6 30.0 6 7.5 59.8 6 9.6 9.0 6 3.0 7.9 6 2.1 13.6 6 3.2
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pitched per week and days per week on which more than 40
pitches were thrown were not significantly correlated with
any ROM or strength variables (P . .05).

DISCUSSION

We examined relationships between cumulative and
seasonal pitch volumes and ROM and strength of the GH
joint and lead- and stance-leg hips in healthy youth baseball
pitchers. Overall, fair to moderate correlations were found.
Cumulative pitch volume was correlated most often with
increased hip-strength measures, whereas seasonal pitch
volume was correlated with both increased and decreased
(depending on the variable) GH and hip ROM and strength
measures. Our results suggest specific pitch volume and
ROM and strength relationships that warrant further
investigation into injury risk factors and injury-prevention
strategies in youth baseball pitchers.

Pitch Volume and GH ROM and Strength

Endorsement of limited pitching and number of pitches
per game in the last month were both correlated with
increased GH ER ROM. It is interesting that these findings
were somewhat contradictory, indicating that both de-
creased and increased pitching were related to greater GH
ER ROM. Although increased GH ER ROM is an
established adaptation in pitchers3,10,23–25 and is important
for maximal cocking in preparation for ball acceleration,

GH ER ROM can be achieved and maintained in several
ways. The reason for and duration of the pitchers’
endorsement of limited pitching were unknown, yet all
pitchers reported being healthy at the time of our study. It is
feasible that younger athletes played other positions more
often than they pitched or that more passive strategies
involving rest and stretching performed during the limited
pitching period contributed to the increased GH ER ROM
and thus the positive correlation. Alternatively, pitching
itself is also effective in increasing GH ER ROM:
specifically, a high volume of pitches over a short bout
(ie, during a game) may affect GH ER ROM more than
other pitch-volume variables. Hurd et al10 measured GH
ROM in uninjured high school pitchers and found that the
age of the pitcher negatively predicted ER ROM, such that
ER ROM decreased as a pitcher aged. Similar to our results,
age correlated highly with ROM measures. We included
age as a covariate in our analyses to remove its influence
and permit examination of the variables of interest. Our
results indicate that GH ER ROM was related to seasonal
pitch volume and that further investigation is warranted to
better understand how alterations in pitch volume affect ER
ROM.

Measures of muscle strength in baseball pitchers have
also been studied11,25–28 extensively to establish the
presence of sport-specific adaptations and injury risk
factors. Our findings showed that more months pitched in
the past year and more innings pitched per game in the last
month were significantly correlated with decreased GH IR

Table 3. Correlation Coefficients Between Pitch Volume and Glenohumeral Range of Motion and Strength in the Throwing Arm

Variable

Range of Motion Strength

Internal Rotation External Rotation Total Arc of Motion Internal Rotation External Rotation

Cumulative pitch volume

Years of competitive play 0.33 �0.13 0.21 �0.10 0.29

Months played in last year 0.12 �0.23 �0.07 �0.39a 0.00

Seasonal pitch volume

Endorsement of limited pitch time �0.26 0.40a 0.09 �0.05 �0.19

Times/wk pitched �0.19 0.28 0.04 0.04 0.40

Innings pitched/game �0.21 0.05 �0.16 �0.42a �0.32

Pitches/game �0.04 0.44 0.28 �0.07 �0.04

Days/wk .40 pitches thrown 0.00 0.30 0.19 �0.15 0.05

a P , .05.

Table 4. Correlation Coefficients Between Pitch Volume and Hip Range of Motion and Strength

Variable

Range of Motion Strength

Lead Leg Stance Leg Lead Leg Stance Leg

IR ER TAM IR ER TAM IR ER AB IR ER AB

Cumulative pitch volume

Years of competitive play �0.05 0.21 0.12 0.11 0.13 0.16 0.52a 0.44 0.48a 0.45a 0.38 0.36

Months played in last year –0.15 0.07 –0.06 0.09 0.03 0.07 0.42 0.28 0.43 0.44a 0.30 0.40

Seasonal pitch volume

Endorsement of limited pitch time 0.79b –0.33 0.33 0.32 –0.03 0.24 –0.05 0.15 –0.31 0.07 –0.22 0.15

Times/wk pitched 0.26 –0.13 0.10 0.20 –0.20 0.04 0.04 –0.01 –0.15 –0.09 –0.03 –0.07

Innings pitched/game 0.08 –0.03 0.04 –0.10 –0.53a –0.41 –0.25 –0.26 0.04 –0.27 –0.16 0.24

Pitches/game 0.34 –0.18 0.13 0.02 –0.62b –0.40 –0.25 –0.18 –0.21 –0.07 –0.06 0.11

Days/wk .40 pitches thrown 0.13 0.05 –0.14 –0.16 –0.18 –0.24 0.38 0.02 0.13 0.10 –0.09 0.19

Abbreviations: AB, abduction; ER, external rotation; IR, internal rotation; TAM, total arc of motion.
a P , .05.
b P , .01.
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strength. It is important to note that (1) recall of pitching
over time is less reliable than immediate recall and (2) due
to the nature of field testing and available resources,
participants performed a ‘‘make’’ concentric strength test
and eccentric strength was not measured. Although GH IR
strength, specifically concentric strength, is important for
ball acceleration and its contribution to the ER : IR ratio,
these results are surprising and contrary to those of previous
researchers. Several groups11,26,29 identified concentric
strength deficits in GH ER, the ER : IR ratio, and the
supraspinatus as predictors of injury over loss of IR
strength. Glenohumeral IR strength deficits may not be an
injury risk factor, but they do contribute to the ER : IR ratio;
changes in either ER or IR may affect this relationship,
disrupting the ideal 76% balance.30 Based on our results,
increased pitch volume may negatively affect concentric
GH IR strength. Further investigation of eccentric GH IR
strength is warranted. In addition, Yang et al7 identified
self-reported arm tiredness as being associated with
increased injury risk. How a pitcher’s perception of
tiredness relates to muscle strength and fatigue measures
is unknown and is an area for additional study. Our findings
suggest that resting within a season and over the course of a
year and integrating GH IR strength exercises into a global
injury-prevention program throughout the season should be
considered.

Pitch Volume and Hip ROM and Strength

Seasonal pitch volume was related to hip ROM. Pitchers
who endorsed limited pitching in the previous month were
more likely to display increased IR ROM in the lead-leg
hip. Hip IR in the lead leg is important for absorbing
forces as the pitcher pivots the body forward, driving
toward home plate. It is interesting to note that increased
hip IR was strongly related (r¼ 0.79) to limited pitching.
We can assume that limited pitching equated to increased
rest; however, we would need to know more details about
the pitcher’s limited pitching to definitively conclude that
rest was related to increased hip IR ROM. Conversely,
increased innings pitched per game and pitches per game
over the last month were related to decreased stance-leg
hip ER ROM. Limited stance-leg hip ER ROM could
restrict a pitcher during ball acceleration as the body shifts
over the stance leg by moving from hip IR into ER. If hip
ER ROM is limited, compensation along the kinetic chain,
such as increased GH ER ROM, may occur. Sauers et al18

observed that professional pitchers displayed less stance-
leg hip ER than position players but could not explain this
difference. In conjunction with our results, the mechanism
for diminished ER ROM may be increased pitch volume,
suggesting that hip ROM adaptations may develop in
pitchers. Further research is needed to substantiate this
potential mechanism and determine whether it is an injury
risk factor. Clinically, it is important for pitchers to
perform ROM stretches to maintain hip ER ROM,
particularly those who report increased seasonal pitch
volume.

Increased hip strength is important for force generation,
transfer, absorption, and stabilizing the body as it moves
over the lower extremity during the pitching motion.17,31,32

Our results suggest that hip strength can be achieved over
time while playing one’s sport. An increased number of

playing years was related to increased lead-leg hip IR and
abduction strength, and increased numbers of years of play
and months played per year were related to increased
stance-leg hip IR strength. Because we controlled for age in
our analyses, we can deduce that increased cumulative
pitch volume may lead to increased hip strength. However,
we do not know whether pitchers in the current study were
competing in other sports or performing strength training or
other activities that may also have influenced hip strength.
Given that testing occurred in the first half of the spring
baseball season, it is possible that the participants played a
winter sport or were involved in preseason conditioning. In
addition, manual strength testing of the hip musculature
may not reliably assess true strength. Yet the size difference
between pitchers and investigators likely aided in our
excellent intrarater reliability established before data
collection. The notion of advantageous sport-specific
adaptations or external activities in hip strength as a result
of increased pitch volume requires further study. Clinically,
young pitchers with limited pitch volume may benefit from
targeted hip strengthening to improve performance and
prevent injury.

The current study had several limitations. This was a
cross-sectional study; therefore, we could not capture
changes over time to comprehensively assess cumulative
and seasonal pitch volumes and ROM and strength
measures. Also, all collected information was self-reported,
and recall over the last month and last year is difficult for
young baseball pitchers. Additional information pertaining
to pain, fatigue, injury, and specific details about the
endorsement of limited pitching may provide more insight
into the significant relationships found. Finally, the
significant relationships we noted were of fair strength (r
¼ approximately 0.40), restricting our ability to make
strong clinical recommendations without further investiga-
tion. Our data contained variability in the frequency of the
seasonal variables. Future researchers should consider
separating data to compare low-frequency and high-
frequency pitchers for other pitch-volume, GH, and
strength variables.

In conclusion, we identified significant relationships
between cumulative and seasonal pitch volumes and
ROM and strength of the GH and hip joints in healthy
youth pitchers. Our results suggest the need to further
examine pitch guidelines, particularly those limiting the
number of months pitched per year and the number of
innings pitched per game within a month. Meanwhile,
clinicians should be aware of cumulative and seasonal pitch
volumes and implement injury-prevention programs that
include GH IR strength exercises and hip ER ROM
stretches.

REFERENCES

1. High school athletics participation survey, 2013–2014. National

Federation of State High School Associations Web site. http://www.

nfhs.org/ParticipationStatics/PDF/2013-14_Participation_Survey_

PDF.pdf. Accessed April 20, 2015.

2. Participation in Little League reaches 3-year high. Little League

Baseball Web site. http://www.littleleague.org/media/newsarchive/

03_2006/06participation.htm. Accessed April 20, 2015.

3. Shanley E, Thigpen C. Throwing injuries in the adolescent athlete.

Int J Sports Phys Ther. 2013;8(5):630–640.

64 Volume 53 � Number 1 � January 2018

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-18 via free access



4. Shanley E, Rauh MJ, Michener LA, Ellenbecker TS. Incidence of

injuries in high school softball and baseball players. J Athl Train.

2011;46(6):648–654.

5. Fleisig GS, Andrews JR, Cutter GR, et al. Risk of serious injury for

young baseball pitchers: a 10-year prospective study. Am J Sports

Med. 2011;39(2):253–257.

6. Register-Mihalik JK, Oyama S, Marshall SW, Mueller FO. Pitching

practices and self-reported injuries among youth baseball pitchers: a

descriptive study. Athl Train Sports Health Care. 2012;4(1):11–20.

7. Yang J, Mann BJ, Guettler JH, et al. Risk-prone pitching activities

and injuries in youth baseball findings from a national sample. Am J

Sports Med. 2014;42(6):1456–1463.

8. Shanley E, Rauh MJ, Michener LA, Ellenbecker TS, Garrison CJ,

Thigpen CA. Shoulder range of motion measures as risk factors for

shoulder and elbow injuries in high school softball and baseball

players. Am J Sports Med. 2011;39(9):1997–2006.

9. Picha KJ, Harding JL, Huxel-Bliven KC. Glenohumeral and hip

range-of-motion and strength measures in youth baseball athletes. J

Athl Train. 2016;51(6):466–473.

10. Hurd WJ, Kaplan KM, ElAttrache NS, Jobe FW, Morrey BF,

Kaufman KR. A profile of glenohumeral internal and external

rotation motion in the uninjured high school baseball pitcher, part 1:

motion. J Athl Train. 2011;46(3):282–288.

11. Hurd WJ, Kaplan KM, ElAttrache NS, Jobe FW, Morrey BF,

Kaufman KR. A profile of glenohumeral internal and external

rotation motion in the uninjured high school baseball pitcher, part II:

strength. J Athl Train. 2011;46(3):289–295.

12. Lyman S, Fleisig GS, Waterbor JW, et al. Longitudinal study of

elbow and shoulder pain in youth baseball pitchers. Med Sci Sports

Exerc. 2001;33(11):1803–1810.

13. Fleisig GS, Weber A, Hassell N, Andrews JR. Prevention of elbow

injuries in youth baseball pitchers. Curr Sports Med Rep. 2009;8(5):

250–254.

14. Crockett HC, Gross LB, Wilk KE, et al. Osseous adaptation and

range of motion at the glenohumeral joint in professional baseball

pitchers. Am J Sports Med. 2002;30(1):20–26.

15. Chant CB, Litchfield R, Griffin S, Thain LM. Humeral head

retroversion in competitive baseball players and its relationship to

glenohumeral rotation range of motion. J Orthop Sports Phys Ther.

2007;37(9):514–520.

16. Dashottar A, Borstad J. Posterior glenohumeral joint capsule

contracture. Shoulder Elbow. 2012;4(4). doi: 10.1111/j.1758–5740.

2012.00180.x.

17. Laudner KG, Moore SD, Sipes RC, Meister K. Functional hip

characteristics of baseball pitchers and position players. Am J Sports

Med. 2010;38(2):383–387.

18. Sauers EL, Huxel Bliven KC, Johnson MP, Falsone S, Walters S. Hip

and glenohumeral rotational range of motion in healthy professional

baseball pitchers and position players. Am J Sports Med. 2014;42(2):

430–436.

19. Scher S, Anderson K, Weber N, Bajorek J, Rand K, Bey MJ.

Associations among hip and shoulder range of motion and shoulder

injury in professional baseball players. J Athl Train. 2010;45(2):191–

197.

20. Robb AJ, Fleisig G, Wilk K, Marcina L, Bolt B, Pajaczkowski J.

Passive ranges of motion of the hip and their relationship with

pitching biomechanics and ball velocity in professional baseball

pitchers. Am J Sports Med. 2010;38(12):2487–2493.

21. Laudner KG, Moore SD, Sipes RC, Meister K. Functional hip

characteristics of baseball pitchers and position players. Am J Sports

Med. 2011;38(2):383–387.

22. Portney LG, Watkins MP. Foundations of Clinical Research:

Applications to Practice. 3rd ed. Philadelphia, PA: F.A. Davis; 2009.

23. Olsen J II, Fleisig GS, Dun S, Loftice J, Andrews JR. Risk factors for

shoulder and elbow injuries in adolescent baseball pitchers. Am J

Sports Med. 2006;34(6):905–912.

24. Fleisig GS, Andrews JR, Dillman CJ, Escamilla RF. Kinetics of

baseball pitching with implications about injury mechanisms. Am J

Sports Med. 1995;23(2):233–239.

25. Donatelli R, Ellenbecker TS, Ekedahl SR, Wilkes JS, Adam J.

Assessment of shoulder strength in professional baseball pitchers. J

Orthop Sports Phys Ther. 2000;30(9):544–551.

26. Byram IR, Bushnell BD, Dugger K, Charron K, Harrell F Jr, Noonan

TJ. Preseason shoulder strength measurements in professional

baseball pitchers: identifying players at risk for injury. Am J Sports

Med. 2010;38(7):1375–1385.

27. Mulligan IJ, Biddington WB, Barnhart BD, Ellenbecker TS.

Isokinetic profile of shoulder internal and external rotators of high

school aged baseball pitchers. J Strength Cond Res. 2004;18(4):861–

866.

28. Trakis JE, McHugh MP, Caracciolo PA, Busciacco L, Mullaney M,

Nicholas SJ. Muscle strength and range of motion in adolescent

pitchers with throwing-related pain: implications for injury preven-

tion. Am J Sports Med. 2008;36(11):2173–2178.

29. Tyler TF, Mullaney MJ, Mirabella MR, Nicholas SJ, McHugh MP.

Risk factors for shoulder and elbow injuries in high school baseball

pitchers: the role of preseason strength and range of motion. Am J

Sports Med. 2014;42(8):1993–1999.

30. Ellenbecker TS, Davies GJ. The application of isokinetics in testing

and rehabilitation of the shoulder complex. J Athl Train. 2000;35(3):

338–350.

31. Sciascia A, Thigpen C, Namdari S, Baldwin K. Kinetic chain

abnormalities in the athletic shoulder. Sports Med Arthrosc. 2012;

20(1):16–21.

32. Kibler WB, Wilkes T, Sciascia A. Mechanics and patho-mechanics in

the overhead athlete. Clin Sports Med. 2013;32(4):637–651.

Address correspondence to Kellie C. Huxel Bliven, PhD, ATC, Department of Interdisciplinary Health Sciences, A.T. Still University,
5850 East Still Circle, Mesa, AZ 85206. Address e-mail to kbliven@atsu.edu.

Journal of Athletic Training 65

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-18 via free access


