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Background: Ulnar collateral ligament (UCL) injuries in youth pitchers continue to be concerning despite the institution of pitch
count limits. Flexor-pronator mass fatigue can lead to diminished dynamic stability, resulting in greater stress on the UCL.

Purpose/Hypothesis: To evaluate fatigue of the flexor-pronator mass by assessing changes in medial elbow laxity; noninvasively
characterizing alterations in muscle glycogen; and identifying changes in subjective fatigue, strength, range of motion (ROM),
pitching velocity, and accuracy with increasing pitches thrown by youth pitchers to their recommended 75-pitch count limit. It
was hypothesized that, with increased pitches, medial elbow laxity would increase and that the glycogen content of the
flexor-pronator mass would decrease.

Study Design: Descriptive laboratory study.

Methods: Healthy male pitchers aged 10 years (n = 22) threw 3 sets of 25 pitches with 12 minutes between sets (3 timepoints).
Bilateral ulnohumeral joint gapping was measured by applying a standardized valgus force and utilizing ultrasound imaging. Rel-
ative changes in muscle glycogen in the bilateral flexor carpi radialis (FCR), and the flexor digitorum superficialis/flexor carpi ul-
naris (FDS/FCU) muscles were measured with ultrasound software and recorded as fuel percentiles. Additional measures
obtained included subjective fatigue, strength, ROM, velocity, and accuracy.

Results: There were no differences in medial elbow joint-line gapping between the throwing and nonthrowing arms or between
timepoints. The throwing arm demonstrated a significant decline in fuel percentile of the FCR from baseline to after 75 pitches (P =
.05). There were no differences across timepoints for FDS/FCU fuel percentile values. Fatigue measurements for both arms were
significantly higher at all timepoints compared with baseline (P � .03). Grip strength of the dominant arm after 75 pitches was
decreased significantly compared with after 25 pitches (P = .02).

Conclusion: Although an increase in medial elbow joint gapping was not demonstrated within the recommended 75 pitch count
limit in 10-year-olds, a relative decrease in glycogen stores of the flexor-pronator mass did occur, as well as a decrease in grip
strength, with increasing subjective fatigue.

Clinical Relevance: This study provides a foundation for further objective testing of physiologic changes that occur with pitching
to better guide pitch count limits and improve the safety of young athletes.
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Throwing injuries, particularly common in overhand pitch-
ers, occur at all levels of competition and have reached epi-
demic proportions.8,12,24 Pain and injury are now common
occurrences, even among youth and adolescent players.
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Approximately 18% to 22% of American Little League
pitchers report elbow pain.16,23,26 Others have reported
the incidence of elbow pain in youth throwers to be 20%
to 30% for 8- to 12-year-olds, 45% for 13- to 14-year-olds,
and .50% for high school and collegiate players.15,25,26,37

There has been a recent rise in elbow ulnar collateral
ligament (UCL) injuries in youth pitchers. Between 2006
and 2016, the incidence of elbow injuries in youth baseball
players increased despite the overall incidence of baseball
injuries decreasing.37 This is exacerbated exponentially
by the rising trend of early sports specialization.10,22,33,34,37

Increased pitching workload may be associated with an
increased risk of pain, injury, and arm fatigue in Little
League and high school pitchers.3 The likelihood of injury
in youth pitchers is 3.5 times higher if they throw more
than 100 innings a year.12 Players who throw through
fatigue and pain have more than 7 times the odds of sus-
taining a pitching-related injury,40 and a youth pitcher
who regularly pitches despite arm fatigue is at 36 times
higher risk of injury.30

As the dynamic stability of the forearm flexor-pronator
mass diminishes with increased muscle fatigue, it could
be reasoned greater stress would be borne by the UCL.
Thus, the UCL could be at heightened risk in the setting
of more pitches and flexor-pronator mass fatigue. Pitch
count limits have been instituted in an attempt to help cur-
tail this rise in throwing injuries, especially in youth ath-
letes. There remains a paucity of data and understanding
of the process of muscle fatigue in the flexor-pronator
mass of throwing athletes, and the subsequent potential
for increased laxity of the medial elbow joint. Recent novel
advancements in ultrasound technology allow for the abil-
ity to determine relative amounts and changes in energy
storage via glycogen content in select muscles.20,28

To provide more objective data regarding current pitch
count limits for youth pitchers, we aimed to evaluate
changes in medial elbow joint-line laxity with respect to
noninvasive characterization of changes in muscle energy
storage from the forearm flexor-pronator mass. An addi-
tional purpose was to evaluate changes in fatigue,
strength, range of motion (ROM), pitching velocity, and
accuracy with increasing pitches thrown by 10-year-old
baseball players up to their recommended 75 pitch-count

limit. Our hypothesis was that with increased pitches,
medial elbow laxity would increase and that the glycogen
content of the flexor-pronator mass would decrease.

METHODS

Participants

Institutional review board approval was obtained for the
study protocol. Competitive travel baseball players 10
years of age who pitched for their teams were eligible for
this study (ie, there were no ‘‘pitcher-only’’ participants
included). Players with previous shoulder or elbow injuries
were allowed to participate if they had since been able to
return to play without restrictions. Players with active
injuries for which they were undergoing treatment or
requiring rest from athletics were excluded. We excluded
players with a history of elbow or shoulder surgery. The
study was performed in the winter months leading into
the spring season but not during a competitive season.
Players provided assent and parents provided informed
consent for participation in the study.

Testing

During testing, players were allowed to drink water for
hydration but were asked to avoid consumption of carbohy-
drate-replenishing drinks. The pitching protocol instituted
was designed to simulate a game scenario, including
warm-up pitches and specified rest in between pitches.
Pitching was performed indoors from a mound in a sports
performance center. The pitching setup is demonstrated
in Figure 1.

Before pitching, baseline bilateral shoulder and elbow
ROM measurements were obtained with a goniometer.
Measurements obtained included bilateral supine internal
and external rotation at 90� of abduction as well as bilateral
elbow flexion and extension. Baseline bilateral shoulder
strength measurements were obtained with participants
standing with a handheld digital dynamometer (micro-
FET2; Hoggan Scientific) in pounds of pressure. Shoulder
strength measurements consisted of supraspinatus testing
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with the thumbs-up variation of the Jobe test described as
the ‘‘full can’’ position,21 external rotation with the arm in
neutral and external rotation at 90� of shoulder abduction
and 90� of elbow flexion. Baseline bilateral grip strength
in pounds of pressure was measured with a digital hand
dynamometer (Jamar Plus 1 ; Sammons Preston) with par-
ticipants standing and their elbows flexed to 90� and should-
ers adducted to neutral. Final measurements for shoulder
and grip strength at each timepoint were the mean of 3 con-
secutive repetitions for each variable. Baseline and time

interval perceived fatigue of bilateral upper extremities
was obtained utilizing a modified Borg scale,5,29 ranging
from 0 (no fatigue) to 10 (maximal fatigue).

Ultrasound Imaging. Ultrasound imaging was per-
formed by an experienced ultrasonographer (T.M.A.). The
forearm was placed in a resting position with the elbow
in flexion and the forearm in supination (Figure 2A). The
proximal aspect of the forearm flexors was then imaged
with a Philips Lumify 12-4 MHz linear ultrasound trans-
ducer (Philips Healthcare). The location of the transducer
was centered over the flexor carpi radialis (FCR) muscle
in order for the cloud-based software (MuscleSound;
MuscleSound) to recognize and analyze muscles based on
their imaging processing algorithms. To obtain reproduc-
ible images, the ultrasound transducer was placed in line
with the axis spanning from the medial epicondyle of the
elbow to the radial styloid. A line was then marked the
length of 1 transducer from the medial epicondyle along
this axis. The transducer was then oriented perpendicular
to this axis to visualize the muscles on their short axis. The
transducer was translated distal and radial or proximal
and ulnar to center the septa around the FCR which
appeared as a ‘‘V’’ on the ultrasound (Figure 3). Three
images were then captured at this location. Maintaining
the same orientation, the transducer was then translated
slightly distal and ulnar to center the transducer along
the flexor digitorum superficialis (FDS) and flexor carpi
ulnaris (FCU) to capture 3 images of these forearm flexors.
This process was repeated on the contralateral arm. The
images of the forearm flexor muscles were then transmit-
ted to the secure cloud-based application for imaging pro-
cessing to determine the relative muscle glycogen content.

Bilateral baseline and stress medial ulnohumeral joint
distances were then measured with a linear 12-MHz trans-
ducer on a standard diagnostic GE LOGIQ-e ultrasound
machine (GE Healthcare). Each player was seated with
the elbow positioned at 30� of flexion while placed in a stan-
dardized stress device (Telos SD 900; Telos Medical USA)
without any stress applied (Figure 2B). The ultrasound

Figure 1. Pitching setup for the study, including mound (at
the back of the room) and pitching target with simulated
strike zone (netted square in foreground).

Figure 2. (A) Top view of position of forearm and location of ultrasound probe to identify flexor-pronator mass for glycogen stor-
age evaluation. (B) Setup of standardized stress device and location of ultrasound transducer to measure medial ulnohumeral
joint distance.
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transducer was positioned along the medial ulnohumeral
joint to visualize the joint at the location of the UCL (Fig-
ures 2B and 4). To evaluate the changes in medial ulno-
humeral joint distance (ie, medial elbow laxity) as stress
was applied to the UCL, 10 decanewtons (daN) of force
were applied across the elbow while at 30� of flexion, and
the joint distance was measured on the ultrasound image
(Figure 4).2,6,7

Pitching. After baseline testing was completed, study
participants performed warm-up throws of easy effort for
5 minutes from a distance of 30 to 40 feet (9.1-12.2 m) on
flat ground. After this warm-up period, they entered the
pitching area, which consisted of a prefabricated pitching
mound that was placed the Little League pitching distance
of 46 feet (14 m) from the fabricated strike zone (Figure 1).
The strike zone width was set at 17 inches (43 cm) to rep-
licate the width of home plate. The superior border of the
strike zone was set to the midpoint between the pitcher’s
shoulders and top of the pants. The inferior strike zone bor-
der was set to just below bilateral patellae. Any pitches
that were thrown within or hit the edges of the strike
zone were counted as strikes. The rest were counted as
balls. Pitchers only threw fastballs for consistency.

Before data collection, pitchers threw 6 warm-up
pitches from the mound. Pitchers then proceeded to throw
a set of 25 pitches. To standardize the amount of time
required for the pitching assessment and reduce variability
in pitching time, players waited 20 seconds to initiate the
wind-up for their next pitch after the previous pitch was
thrown. This was based on the 20-second pitch timer insti-
tuted by Minor League Baseball as part of their pace-of-
game initiatives. Accuracy for each set of 25 pitches thrown
was determined as the percentage of strikes thrown for
that set. Velocity of each pitch was measured in miles
per hour (mph) with a radar gun (Stalker Pro II; Stalker
Radar).

After completion of the 25 pitches, pitchers who under-
went all of the testing and measurements that were
obtained at baseline for their bilateral upper extremities
as described above, except medial ulnohumeral joint dis-
tance without stress applied was not performed after pitch-
ing. There was a minimum 12-minute break during which

Figure 3. (A) Sample ultrasound image collected of the left forearm flexor (FF) focused on the flexor carpi radialis (FCR) muscle
belly for glycogen storage processing. (B) Sample FCR ultrasound image processed with cloud-based software. Pink/purple,
identified muscle used in scoring energy storage; green/yellow, adipose/muscle boundary and superior skin border; gray/
white/black, nonscored tissue.

Figure 4. Sample ultrasound image to measure medial ulno-
humeral joint distance. A measurement bar was superim-
posed to demonstrate the location of measurements taken
on the ultrasound device. Measurements were taken at the
apex of the ossified portion of the humeral and ulnar epiphy-
sis. When the ossified portion of the epiphysis was less
defined, but the edge of the cartilaginous epiphysis was
more clearly defined, then the apices of the humeral and ulnar
epiphyses were used for a given subject. A single method was
used per subject for consistency within that subject’s meas-
urements to measure the change in medial ulnohumeral joint
distance. The asterisk indicates longitudinal fibers of the
UCL, and the yellow bar indicates the ulnohumeral joint dis-
tance. H, humerus; U, ulna; UCL, ulnar collateral ligament.
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these various measurements and imaging were performed
before returning to throwing to ensure an adequate period
of rest. After this, pitchers returned to throwing, consisting
of the 6 warm-up pitches and the 25 recorded pitches. Test-
ing after the 25 pitches was repeated as before. A final set
of 25 pitches was then thrown as before for a total of 75
recorded pitches. The final set of imaging and measure-
ments were obtained thereafter. Timepoints for data anal-
ysis were designated as baseline (before pitching) and then
sequentially as timepoints 1 (pitches 1-25), 2 (pitches 26-
50), and 3 (pitches 51-75).

Data Analysis

Medial ulnohumeral joint distance was measured on the
ultrasound images as the distance from the apex of the
ossified portion of the humeral and ulnar epiphyses. All
measurements were made by the same 2 study members
(M.F.S. and T.M.A.). When the ossified portion of the
epiphysis was less defined but the edge of the cartilaginous
epiphysis was defined more clearly, then the apices of the
humeral and ulnar epiphyses were used for a given player.
Because the outcome of concern was change in medial
elbow laxity with stress applied, a single method was
used per subject for consistency within that subject’s meas-
urements to accurately measure the change in medial
ulnohumeral joint distance, which was thereby standard-
ized regardless of the locations used to measure absolute
joint distance. The change in medial ulnohumeral joint dis-
tance after stress was applied was calculated from baseline
without stress.

Relative changes in muscle glycogen storage, detected
as changes in echogenicity, in the FCR, and in thecom-
bined FDS and FCU (FDS/FCU) were recorded as fuel per-
centile. Details of how the proprietary cloud-based
software processes the ultrasound images can be found in
previous validation studies.20,28 Briefly, the software
determines the mean pixel intensity per group of 3 images
and uses this to determine the relative glycogen storage of
a given muscle based on the water content associated with
the glycogen present in the muscle. Ultrasound images are
hypoechoic in the presence of increased glycogen content
due to the increased presence of water, whereas images
are more hyperechoic in the presence of glycogen depletion
and, thereby, water loss.28 Conversion of the muscle echo-
genicity data to fuel percentile values allowed for a stan-
dardized assessment of relative changes between pitchers
and between timepoints. This variable allowed for the abil-
ity to compare the energy status of muscles based on rela-
tive echogenicity with that of a larger population of muscle
ultrasound images included in the secure cloud-based
database of scans. At the time of the analysis, there were
a total of 786 participants with 2783 total forearm flexor
ultrasound images in the database. The echogenicity of
the images obtained in the current study were compared
with those images in the database to generate the fuel per-
centile scores. Changes in echogenicity, a proxy measure
for relative changes in glycogen storage based on water

content, were then reported as changes in the fuel percen-
tile score to standardize the value.

Means and standard deviations were determined for all
variables. The distribution of data for each variable were
determined to be normal as assessed by the Shapiro-Wilk
test. Repeated measures analyses of variance were used
to analyze within and between arm measurement differen-
ces for all variables across the 4 timepoints (baseline and
postpitching after 25, 50, and 75 pitches). The Mauchly
test was utilized to assess sphericity. In the event spheric-
ity had been violated, a Greenhouse-Geisser correction was
employed. The Bonferroni method was used for post hoc
analysis as appropriate. The threshold for statistical signif-
icance was set at P � .05. All analyses were performed via
SPSS (Version 26; IBM).

Power Analysis

Power analysis was based on the 2 previous validation
studies of the ultrasound cloud-based technology which
included 20 and 22 participants.20,28 On the basis of this
previous research, for the ultrasound processing technol-
ogy, Hill et al20 stated a prescore of 59.8. Based on the
0 to 100 scale of the processing software’s glycogen quanti-
fication, a postscore of 39.8, a common standard deviation
of 11.24, b = 0.80, and an a = 0.05, we obtained a required
sample size of 5 using the paired t test. Therefore, we
expected sufficient power to detect a �20 point change on
the 0 to 100 scale in the results of the muscle glycogen
test. There were no standard deviations or variability
data available from previous studies to use for the sample
size calculation; thus, we were forced to use this rule of
thumb. The previous studies used a relative score that
ranged from 0 to 100, while we used the standardized
value of fuel percentile to better allow for comparisons
between pitchers and between timepoints. Although previ-
ous studies did not use this percentile value in their anal-
ysis, we used the above available data to help guide our
power analysis. Therefore, we planned to include a conve-
nience sample of 22 athletes in this pilot study. This is well
above the number of participants needed based on the sam-
ple-size calculation.

Although our primary outcomes consisted of both the
change in medial ulnohumeral joint gapping and the change
in relative muscle glycogen storage with increased pitching,
we based our power analysis on changes in relative glycogen
storage via the ultrasound image processing software as this
would be the variable we expected to see more prominent
changes. Furthermore, as Hattori et al18 had previously
reported increased medial elbow valgus laxity immediately
after repetitive pitching, we felt the power was better deter-
mined based on flexor-pronator glycogen changes.

RESULTS

A total of 22 athletes were enrolled in and completed the
study. Table 1 provides baseline characteristics of the
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study group. All participants were 10 years old at time of
the study. All but 1 of the pitchers threw with the right
arm. Three of the pitchers (13.6%) reported a history of

pain or soreness in their throwing arm (2 elbow, 1 general
arm) 1 to 2 years before the study, with complete resolution
of symptoms.

There were no significant differences regarding change
in medial elbow laxity between the throwing and non-
throwing arms (Table 2) or between individual timepoints
(P � .459). The mean increase in the medial ulnohumeral
joint distance of the throwing elbow with stress applied
versus at rest was 0.6 mm at baseline, 0.7 mm at timepoint
1, 0.8 mm at timepoint 2, and 0.9 mm at timepoint 3. For
the nonthrowing elbow, with stress applied the medial
ulnohumeral joint distance increased a mean of 0.5 mm
at baseline, 0.5 mm at timepoint 1, 0.6 mm at timepoint
2, and 0.7 mm at timepoint 3 (Table 2).

There was a trend toward a similar decline in FCR fuel
percentile values between arms, indicating relative
decreases in glycogen storage bilaterally (Table 3). How-
ever, only the throwing arm demonstrated a statistically
significant decline in fuel percentile from baseline (26.8%
6 26.3%) to after 75 pitches (16.3 6 17.4%) (P = .05). There
were no additional statistically significant differences
across timepoints or between the throwing and nonthrow-
ing arms for the FCR fuel percentile values. There were no
statistically significant differences across timepoints for
the FDS/FCU fuel percentile values in the throwing and
nonthrowing arms (Table 3). The FDS/FCU fuel percentile
value was significantly lower in the nonthrowing arm com-
pared with the throwing arm after 25 pitches (timepoint 1)
(P = .01). There were no additional statistically significant
differences between arms in the FDS/FCU fuel percentile
values.

Subjective fatigue at baseline before pitching for both
arms was statistically lower compared with all other time-
points (P � .03) (Table 4). Subjective fatigue in the throw-
ing arm after the first 25 pitches (timepoint 1) was
significantly lower than after throwing the second set
and third set of pitches (P = .001 and P � .02, respectively).
In the nonthrowing arm, subjective fatigue after the first

TABLE 1
Baseline Characteristics of the Study

Group (N = 22 players)a

Variable Value

Age, y 10 6 0
Height, cm 144.1 6 5.31
Weight, kg 36.7 6 4.26
Throwing arm

Right 21 (95.45)
Left 1 (4.55)

aData are reported as mean 6 SD or N (%).

TABLE 2
Change in Medial Elbow Laxity at Each Timepointa

Timepointb

D Medial Elbow Laxity, mm

PThrowing Nonthrowing

Baseline 0.6 6 0.6 0.5 6 0.4 .44
Timepoint 1 0.7 6 0.7 0.5 6 0.5 .23
Timepoint 2 0.8 6 0.8 0.6 6 0.4 .34
Timepoint 3 0.9 6 0.8 0.7 6 0.5 .42

aData are reported as mean 6 SD. The change in medial elbow
laxity was calculated as the medial ulnohumeral joint distance
with stress applied minus the joint distance without stress (at
rest). Triangle indicates ‘change in’.

bTimepoint 1, after pitches 1-25; timepoint 2, after pitches 26-
50; timepoint 3, after pitches 51-75.

TABLE 3
Fuel Percentile Values for the FCR
and FDS/FCU at Each Timepointa

Timepointb Throwing Nonthrowing P

FCR fuel percentile
Baseline 26.8 6 26.3%** 25.2 6 20.2% .82
Timepoint 1 17.8 6 14.8% 18.7 6 13.7% .83
Timepoint 2 13.5 6 15.1% 15.9 6 13.5% .57
Timepoint 3 16.3 6 17.4% 15.4 6 13.3% .86

FDS/FCU fuel percentile
Baseline 15.2 6 17.9% 26.6 6 26.9% .14
Timepoint 1 22.7 6 23.6% 8.6 6 6.5% .01
Timepoint 2 13.8 6 16.9% 15.3 6 14.1% .75
Timepoint 3 17.7 6 17.1% 13.9 6 14.6% .43

aData are reported as mean 6 SD. Boldface P value indicates
statistically significant difference between throwing and non-
throwing arms (P � .05). FCR, flexor carpi radialis; FDS/FCU,
flexor digitorum superficialis/flexor carpi ulnaris.

bTimepoint 1, after pitches 1-25; timepoint 2, after pitches 26-
50; timepoint 3, after pitches 51-75.

**Significantly greater compared with timepoint 3 for the throw-
ing arm (P = .05).

TABLE 4
Subjective Fatigue Measurements Before Pitching

and After Each Set of 25 Pitchesa

Timepointb

Subjective Fatigue (0-10 scale)

PThrowing Nonthrowing

Baseline 0.48 6 0.87* 0.41 6 0.55* .76
Timepoint 1 1.6 6 1.2**y 0.80 6 0.78y .009
Timepoint 2 2.6 6 1.3 1.3 6 1.3 .002
Timepoint 3 3.4 6 1.7 1.5 6 1.4 .001

aData are reported as mean 6 SD. Boldface P values indicate
statistically significant difference between throwing and non-
throwing arms (P � .05).

bTimepoint 1, after pitches 1-25; timepoint 2, after pitches 26-
50; timepoint 3, after pitches 51-75.

*Significantly less fatigue compared with all other timepoints (P
� .03).

**Significantly less fatigue compared with timepoint 2 (P = .001)
ySignificantly less fatigue compared with timepoint 3 (P � .02).
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25 pitches was significantly lower than after the third set
of 25 pitches (P � .02). There was no difference in subjec-
tive fatigue between the throwing and nonthrowing arms
at baseline (P = .76). However, after each pitching set, sub-
jective fatigue was significantly greater in the throwing
arm compared with the nonthrowing arm (P � .009).

Grip strength of the throwing arm after 75 pitches
decreased significantly compared to after 25 pitches (time-
point 1 vs timepoint 3: 38.9 6 8.7 vs 35.9 6 8.4 pounds
[17.6 6 3.9 vs 16.3 6 3.8 kg]; P = .02) (Table 5). There
were no other significant differences across timepoints or
between arms for grip strength. There were no statistically
significant changes in the other strength measurements or
ROM for all timepoints and between arms (Tables 5 and 6).

The mean overall pitching velocity for the entire cohort
was 46.1 mph (74.2 kph). There were no differences in
mean velocity across the 3 pitching sets (Table 7). Accuracy
did not change significantly during any of the pitching sets
(Table 8). The mean overall accuracy of the cohort was
35.8%.

DISCUSSION

Although this cohort of 10-year-old pitchers reported pro-
gressively increasing fatigue in the throwing arm

TABLE 5
Strength Measures Across Timepointsa

Timepointb

Strength Measure, Pounds (kg) of Pressure

PThrowing Nonthrowing

Grip

Baseline 38.4 6 7.9 (17.4 6 3.6) 36.9 6 8.3 (16.7 6 3.8) .54

Timepoint 1 38.9 6 8.7* (17.6 6 3.9) 36.1 6 8.9 (16.4 6 4.0) .29

Timepoint 2 37.3 6 8.3 (16.9 6 3.8) 35.7 6 7.9 (16.2 6 3.6) .51

Timepoint 3 35.9 6 8.4 (16.3 6 3.8) 36.2 6 9.3 (16.4 6 4.2) .92

Jobe ‘‘full can’’

Baseline 10.0 6 2.4 (4.5 6 1.1) 9.3 6 2.7 (4.2 6 1.2) .37

Timepoint 1 9.1 6 1.9 (4.1 6 0.9) 9.1 6 1.9 (4.1 6 0.9) .97

Timepoint 2 9.2 6 1.8 (4.2 6 0.8) 9.0 6 2.0 (4.1 6 0.9) .74

Timepoint 3 9.4 6 2.3 (4.3 6 1.0) 9.1 6 2.2 (4.1 6 1.0) .61

Shoulder ER in adduction

Baseline 10.1 6 2.6 (4.6 6 1.2) 10.6 6 2.5 (4.8 6 1.1) .57

Timepoint 1 9.9 6 1.9 (4.5 6 0.9) 10.3 6 2.2 (4.7 6 1.0) .54

Timepoint 2 9.3 6 1.6 (4.2 6 0.7) 10.3 6 2.3 (4.7 6 1.0) .11

Timepoint 3 9.9 6 1.8 (4.5 6 0.8) 10.5 6 2.3 (4.8 6 1.0) .33

Shoulder ER at 90� of abduction

Baseline 9.9 6 4.8 (4.5 6 2.2) 9.6 6 2.7 (4.4 6 1.2) .82

Timepoint 1 8.6 6 2.1 (3.9 6 1.0) 9.1 6 2.2 (4.1 6 1.0) .37

Timepoint 2 9.5 6 3.1 (4.3 6 1.4) 9.4 6 2.2 (4.3 6 1.0) .94

Timepoint 3 9.0 6 2.3 (4.1 6 1.0) 9.5 6 2.5 (4.3 6 1.1) .55

aData are reported as mean 6 SD. ER, external rotation.
bTimepoint 1, after pitches 1-25; timepoint 2, after pitches 26-

50; timepoint 3, after pitches 51-75.
*Significantly greater compared with timepoint 3 (P = .02).

TABLE 6
ROM Across Timepointsa

Timepointb

ROM, deg

PThrowing Nonthrowing

Shoulder ER
Baseline 114.2 6 8.5 109.4 6 9.5 .09
Timepoint 1 115.0 6 8.3 110.1 6 9.1 .07
Timepoint 2 115.9 6 8.1 110.5 6 9.7 .052
Timepoint 3 114.9 6 8.0 110.6 6 10.0 .13

Shoulder IR
Baseline 54.7 6 9.8 58.5 6 8.3 .17
Timepoint 1 57.8 6 8.1 58.6 6 8.4 .74
Timepoint 2 57.6 6 6.5 59.5 6 7.6 .37
Timepoint 3 57.5 6 7.5 59.9 6 7.9 .31

Elbow flexion
Baseline 156.9 6 4.6 156.6 6 3.6 .83
Timepoint 1 157.0 6 3.6 157.8 6 4.3 .52
Timepoint 2 156.9 6 3.1 158.3 6 3.7 .18
Timepoint 3 157.8 6 3.4 157.8 6 3.8 .97

Elbow extension
Baseline 7.9 6 3.7 7.6 6 3.0 .82
Timepoint 1 8.4 6 3.3 7.7 6 3.2 .49
Timepoint 2 8.0 6 2.7 7.9 6 2.9 .87
Timepoint 3 7.6 6 3.0 8.3 6 3.6 .49

aData are reported as mean 6 SD. ER, external rotation; IR,
internal rotation; ROM, range of motion.

bTimepoint 1, after pitches 1-25; timepoint 2, after pitches 26-
50; timepoint 3, after pitches 51-75.

TABLE 7
Velocity for Each Set of 25 Pitches and Overall

Velocity for the Combined 75 Pitchesa

Pitching Setb Velocity, mph (kph)

Baseline -
Timepoint 1 46.5 6 4.0 (74.8 6 6.4)
Timepoint 2 46.2 6 3.6 (74.4 6 5.8)
Timepoint 3 45.7 6 3.3 (73.5 6 5.3)
Overall 46.1 6 3.5 (74.2 6 5.6)

aData are reported as mean 6 SD.
bTimepoint 1, after pitches 1-25; timepoint 2, after pitches 26-

50; timepoint 3, after pitches 51-75.

TABLE 8
Accuracy for Each Set of 25 Pitches and Overall

Accuracy for the Combined 75 Pitchesa

Pitching Setb Accuracy, %c

Baseline -
Timepoint 1 36.6 6 11.7
Timepoint 2 36.7 6 13.4
Timepoint 3 34.0 6 12.0
Overall 35.8 6 9.7

aData are reported as mean 6 SD.
bTimepoint 1, after pitches 1-25; timepoint 2, after pitches 26-

50; timepoint 3, after pitches 51-75.
cAccuracy was defined as percentage of pitches thrown within

the strike zone.

The Orthopaedic Journal of Sports Medicine Youth Pitcher Fatigue 7



compared with the nonthrowing arm as they pitched up to
their single-game pitch count limit of 75 pitches, there was
no increase in medial elbow joint line gapping, as mea-
sured by changes in medial ulnohumeral joint distance,
after each pitching set. These findings differ from the find-
ings of Hattori et al,18 who reported increased valgus laxity
immediately after repetitive pitching and again reported
a significant increase in medial elbow joint space gapping
after 60 pitches as compared with baseline, which further
increased after 100 pitches.19 The age difference between
patients in the studies by Hattori et al18,19 compared
with our study, high school-aged versus 10-year-olds, could
be a fundamental reason we did not appreciate medial joint
line gapping in the current study. The current study cohort
has open physes; thus, more stress could have been borne
by the physis rather than the ligament. This perhaps
adds to our knowledge of what is occurring with increasing
pitching at the elbow at various age levels.

With the use of ultrasonography and cloud-based imag-
ing processing to assess noninvasively relative changes in
glycogen storage in the forearm flexor-pronator mass, we
were able to demonstrate a decrease in glycogen storage
of the flexor-pronator mass between pitching 50 and 75
pitches when compared with before pitching. This relative
decrease, measured via fuel percentile based on compari-
son with a population of images in the utilized database,
was seen only in the throwing arm. Although the actual
magnitude change of this decrease cannot be determined
in the present study due to the use of the standardized var-
iable of fuel percentile, this study did demonstrate that
a detectable decrease in muscle glycogen storage in the
throwing forearm flexors occurs as 10-year-old players
throw between 50 and 75 pitches. Subjective fatigue
increased before the identification of ultrasound changes
in muscle echogenicity. Grip strength in the throwing
arm also significantly decreased after 75 pitches compared
with grip strength after the first 25 pitches. The decrease
in grip strength in the throwing arm was consistent with
the increased subjective fatigue and relative decrease in
muscle glycogen storage in the forearm flexor-pronator
mass in the throwing extremity. Despite these findings of
increased subjective and objective muscle fatigue, pitching
accuracy and velocity throughout the 75 pitches did not dif-
fer significantly between the pitching sets. In addition,
there were no changes in shoulder and elbow ROM and
shoulder strength across timepoints and between arms.

Although limiting the amount of pitches thrown has the
potential to reduce injuries to the throwing elbow, it is
unclear whether the values selected for pitch count limits
are appropriate based on physiologic changes in muscles
of the throwing extremity and the secondary stress placed
on the elbow, particularly the UCL, due to fatigue of impor-
tant dynamic stabilizers of the elbow, primarily the fore-
arm flexor-pronator mass.32,39 The stress placed on the
UCL with pitching is near or surpasses the maximum
load of the UCL before failure.11,13,27 As the flexor-prona-
tor mass of the forearm fatigues and provides less dynamic
stabilization, the UCL is less shielded and subjected to
greater stress, which places the ligament at increased
risk of injury. This study demonstrated that there were

no significant changes in medial elbow gapping throughout
the duration of pitching and between the throwing and
nonthrowing elbows, despite increased subjective fatigue
in the throwing arm, decreased grip strength, and ultra-
sound evidence of decreased glycogen storage in the throw-
ing forearm flexors after the final set of 25 pitches
compared with before the onset of pitching. Although
more work is needed, it could be surmised that the more
accurate pitch count for this particular age group is some-
where between 50 and 75 pitches. Although the primary
outcome variable of the UCL did not increase in gapping
up to the current pitch count limit of 75, the findings of
reduced muscle glycogen, decreased grip strength, and
increased subjective fatigue indicate that the medial elbow
experiences greater stress due to decreased dynamic stabi-
lization. It should be remembered the pitch count itself is
only a portion of the total pitches and, furthermore, throws
made in a game. Freehill et al14 reported only 21% of total
throws are pitches on days a youth player participates in
a game in which they pitch.

To more objectively assess muscle fatigue of the forearm
flexors, we utilized ultrasonography and cloud-based pro-
cessing software to measure relative changes in muscle
glycogen content noninvasively. The results of the current
study showed that glycogen storage of the forearm flexors
of the throwing arm, specifically centered on the FCR,
decreases sometime between throwing 51 and 75 pitches
when compared with baseline before pitching. There was
a similar decline in the FCR ultrasound imaging data
between each arm, although only the throwing arm data
were significant between baseline and after 75 pitches (P
= .05). The similar change in both arms, although not sta-
tistically significant except for the aforementioned differ-
ence in the throwing arm, can be interpreted to be
natural due to the dynamic nature of throwing. Since
both arms move during the throwing motion, it is not com-
pletely unexpected for glycogen to also be depleted in the
nonthrowing arm, although not to the degree as in the
throwing arm.

In addition to the change in relative glycogen content
identified on ultrasound from baseline to after throwing
75 pitches in the throwing forearm along the FCR, the
ultrasound imaging along the FDS and FCU identified
a statistically significantly lower fuel percentile value in
the nonthrowing arm compared with the throwing arm
after 25 pitches (P = .01). However, there was no standard-
ized imaging protocol in the cloud-based software to pro-
cess these images, so the images containing the FDS and
FCU muscles were processed according to the FCR proto-
col, and the FDS/FCU image pixel intensity were compared
with the FCR image database when determining the per-
centile values. Therefore, these FDS/FCU measurements
may have suffered from a lack of a dedicated imaging pro-
cessing algorithm. Thus, this identified between-arm dif-
ference may be a result of high variability and
inconsistent processing rather than a clinically relevant
finding. However, we included the additional imaging of
the FDS and FCU because of the importance of the muscles
in proximity of the UCL and their reported activity with
throwing.1,9,17,32,38 Hence, grip strength was also utilized
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to evaluate changes in strength and fatigue of the forearm
flexors during pitching in the current study. In fact, grip
strength in the throwing arm declined after pitching 75
pitches as compared with after throwing 25 pitches. While
a decrease in grip strength could be a clinical indicator of
fatigue with pitching, more information is needed on
whether this can serve as a surrogate for fatigue during
practices and games.

Limitations

There are several limitations to this study. Although our 2
primary outcomes consisted of evaluation of medial elbow
joint gapping and changes in muscle glycogen content of
the forearm flexors during a pitching session, we per-
formed the a priori power analysis based on the muscle gly-
cogen content evaluation and not on medial elbow gapping
with valgus stress. This was done because, although we
expected medial elbow gapping to occur, the desire to fur-
ther delineate when fatigue could arise was paramount.
As a result, it is possible that the study was underpowered
to demonstrate changes in medial elbow joint gapping,
although this was unexpected. Importantly, although pro-
viding value in determining whether medial joint line gap-
ping would occur in this age group, physeal injuries are
likely more common in this age group and thus the find-
ings for the primary outcome expected. The amount of val-
gus stress applied in the current study is lower than the 15
daN utilized in several other studies,2,6,7 which could have
led to no difference being identified with regard to medial
elbow joint gapping across timepoints. The lower amount
of valgus force was utilized in our study to minimize dis-
comfort on the study participants due to their younger
age as compared with the older ages of the participants,
ranging from 12 to 37 years, in other studies.2,6,7

With regard to the ultrasound image processing, the
software did not have a processing protocol and algorithm
available for evaluation of the ulnar forearm flexor
muscles. However, based on the 2 previous validation stud-
ies that demonstrated a high correlation between the imag-
ing and actual change in muscle glycogen content on
muscle biopsies of the rectus femoris and vastus latera-
lis,20,28 we felt the muscles of the forearm flexors would
be similar enough in terms of their physiology to utilize
this technology for the purposes of our study. Due to the
inability to establish a glycogen storage baseline for each
player through multiple iterations of ultrasound imaging
before the pitching evaluation, we were unable to use
absolute changes in glycogen content based on the soft-
ware’s 0 to 100 scale, as has been used in previous stud-
ies.20,28,35 As a result, we used percentile values to
standardize the degree of pixel intensification/echogenic-
ity of an image based on a population of scans imported
previously into the image processing database as
described in the Methods section. It should be noted the
distribution of type 1 versus type 2 muscle fibers, as
well as the physiological demands of the flexor-pronator
musculature of the forearm, versus the musculature of
the quadriceps, combined with the differences in muscle

physiology of elite cyclists versus a 10-year-old baseball
player may not be comparable. Also, a more recent review
publication by Bone et al4 that references articles chiefly
concerned with problems based on the premise that the
ratio of glycogen to water in muscle is constant31,35,36;
they concluded the current evidence is at best equivocal.
Thus, although this was not the primary outcome of the
study, at this time the results, as they pertain to glycogen
stores, should be interpreted with caution.

In addition, the partition of the total pitching into 3 sets
of 25 pitches and the utilization of a prefabricated strike
zone with no home plate and no batter’s box does not fully
simulate a true game. However, 25 pitches were chosen for
each set to allow for sufficient potential changes to occur in
the variables measured in the study. We felt that partition-
ing the pitching session into more sets consisting of
a smaller number of pitches would not provide enough con-
sistent effort and energy expenditure by the pitcher to
notice any changes in the variables. An actual catcher
with a home plate may have resulted in a greater percent-
age of strikes thrown; however, for this age group, and in
the senior author’s experience, this is an expected and
appropriate amount of strikes. Furthermore, we were look-
ing for deviations of accuracy and not an absolute number.
Another point was that only fastballs were thrown. The
FDS/FCU may be more active in other types of pitches
and thus the results may not be generalizable to players
who throw a significant amount of nonfastball pitches.
Finally, although fatigue measurements are likely predict-
able with increasing throwing, the values could reflect the
timing of the season or pitcher readiness for higher volume
pitching.

CONCLUSION

Overall, we found that, with the recommended 75 pitch
count limit in 10-year-olds, players demonstrated
increased subjective fatigue and a decrease in grip
strength of the throwing arm. Furthermore, we found
a change in relative glycogen content of the throwing
arm forearm flexor-pronator mass sometime between
pitching 50 and 75 pitches compared to before the onset
of pitching. This demonstrates that physiologic changes
occur in the forearm flexor muscles before the pitch count
limit for this age group with regard to objective muscle
fatigue. However, we did not find any changes in medial
elbow joint gapping when the elbow was stressed through-
out the duration of the pitching session. This is likely the
result of an intact and competent UCL and the fact the
physis could be bearing more of the stress than the liga-
ment in this age group. This study provides a foundation
for further objective testing of physiologic changes that
occur with pitching to better guide pitch count limits and
subsequent improved safety of young athletes.
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