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Background

The OnBaseU screen was developed to evaluate a baseball pitcher’s ability to perform
movement patterns key to pitching. However, due to lack of validation, it is unclear what
application is ideal for this screen.

Purpose

To compare four OnBaseU tests to relevant pitching mechanics measured using 3D
motion capture to evaluate if the OnBaseU screen can be used to assess pitching
mechanics. The secondary purpose was to compare OnBaseU and 3D motion capture
seated trunk rotation test results to determine the validity of the OnBaseU test.

Methods

OnBaseU screening and 3D motion capture pitching evaluations were completed for 103
adolescent pitchers (age = 15.2 # 1.29 years; height = 1.80 = 0.0866 m; weight = 76.2 + 13.8
kg). A motion capture seated trunk rotation test was also conducted on 80 of the 103
youth players (age = 15.2 # 1.32 years; height = 1.80 * 0.0889 m; weight = 75.7 = 13.9 kg).

Results

Stride length and OnBaseU side step walkout test data were moderately correlated, and all
other comparisons were not correlated or were minorly correlated. No significant
differences were found between kinematics from players who obtained different OnBaseU
scores, except for stride lengths during pitching of players who scored a 1 or 3 on the
OnBaseU side step walkout test (p<0.01). Further, OnBaseU and motion capture seated
trunk rotation tests were not correlated (r = 0.003) and not found to be statistically
associated (p = 0.83).

Conclusion

Results from this study indicate that the OnBaseU clinical assessment screen may not
have use in assessing pitching mechanics and that visual grading criteria used in the
OnBaseU seated trunk rotation test may not be accurate.

Level of Evidence
3

INTRODUCTION cidence of injury among youth baseball pitchers is still on
the rise.l'2 Improper pitching mechanics has been identi-
fied to play a large role in injury risk.3-¢ Increased elbow

Despite increased knowledge regarding pitching mechanics .
valgus torque, decreased shoulder rotational range of mo-

and the implementation of pitch count limitations, the in-
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tion, knee flexion at front foot contact, and early rotation
of the hips and shoulders have all been found to correlate
with increased risk of injury for baseball pitchers.#~¢ Evalu-
ation of pitching mechanics is integral for injury prevention
as well as for performance improvement.

The existing gold standard for pitching performance and
injury prevention analysis is evaluation with a 3D motion
capture system. However, most athletes do not have access
to these systems due to their cost, limited availability, and
the need for a team biomechanist to operate the system,
process data, and assist with interpretation of findings. Val-
idated clinical movement screens have previously been uti-
lized to estimate an athlete’s risk of injury as well as their
overall performance. The Golf Movement Screen (GMS)
evaluates a golfer’s movement ability in 10 different ex-
ercises. Through biomechanical analysis using an electro-
magnetic tracking system, the GMS has been shown to cor-
relate with important aspects of golf swing mechanics, such
as spine control and increased separation between the up-
per torso and pelvis rotation.” The Functional Movement
Screen (FMS™) is a widely used measurement of movement
ability that has also been shown to be predictive of muscu-
loskeletal injury.8? The FMS™ measures dynamic balance,
strength, and flexibility, 10 and a lower FMS™ score suggests
improper fundamental movement patterns, and increased
injury risk.!! This concept has been validated in multiple
studies assessing the correlation between FMS™ score and
serious injury.81213

The OnBaseU screen is a clinical assessment tool devel-
oped by a team of baseball and softball coaching, strength
and conditioning, biomechanics, and medical experts. On-
BaseU University® is a for profit organization that requires a
certification course to administer the screening assessment.
No educational requirements are necessary to obtain certi-
fication. Developers state that the screen is meant to assess
the movement patterns of baseball and softball pitchers and
hitters through 16 movement tests.!4 Any rationale for or
validity of each component of the movement screen have
yet to be published or made available through materials ob-
tained by taking the certification course. This assessment
tool is marketed to coaches, strength and conditioning ex-
perts, athletic trainers, and physical therapists as a low-cost
and portable clinical screen that could help identify and
track progress of specific movement patterns that are key to
achieving efficient pitching mechanics.!4 However, it is un-
clear how this assessment tool can be used most appropri-
ately because no studies regarding reliability of this screen
exists. It has also yet to be studied if this screening tool
has value in predicting injury risk or potentially injurious
or inefficient pitching mechanics. Further, it is unknown
if this screen should be used in place of or in conjunction
with a pitching 3D motion analysis. The primary purpose
of this study was to compare screen results from four On-
BaseU tests to relevant pitching mechanics measured us-
ing 3D motion capture to evaluate if the OnBaseU screen
can be used to assess pitching mechanics. The secondary
purpose was to compare OnBaseU and 3D motion capture
seated trunk rotation test results to determine the valid-
ity of the OnBaseU test. The authors hypothesized that On-
BaseU tests would be associated with analogous pitching
mechanics. The authors additionally hypothesized that On-

Participant | Number of Height Weight
Ages Participants  (m; mean + SD) (kg; mean + SD)
13 years n=10 1.69+0.10 57.43+9.17
14 years n=27 1.78 £ 0.09 73.04 £15.17
15 years n=18 1.78 £0.06 76.15+7.73
16 years n=32 1.84+0.06 80.82+9.85
17 years n=12 1.87£0.08 88.34+13.79
18 years n=3 1.81+£0.04 72.73£4.91
All n=103 1.80+£0.09 76.16 +13.81

Table 1. Study Participant Demographics

BaseU seated trunk rotation test results would be associated
with 3D motion capture seated trunk rotation test results.
The results of this study can be used to assess whether por-
tions of the OnBaseU clinical movement screen analyzed in
this study can be used to estimate corresponding pitching
mechanics.

METHODOLOGY
DATA COLLECTION

One hundred and three adolescent pitchers (age = 15.2
1.29 years) completed the OnBaseU screening assessment
and a 3D motion analysis of pitching. Participant demo-
graphics can be seen in Table 1. Participant inclusion cri-
teria included youth baseball players ranging from ages 13
to 20 years who declared pitching as their primary position.
No data were collected from players who were experiencing
pain and player data were not included in this analysis if
that participant did not complete both the OnBaseU screen-
ing and motion capture evaluation. After OnBaseU screen-
ing was completed, players were instructed to conduct a
normal pre-game warmup prior to motion capture analysis.
A motion capture seated trunk rotation test was also con-
ducted on 80 of the 103 youth players (age = 15.2 = 1.32
years; height = 1.80 = 0.0889 m; weight = 75.7 + 13.9 kg).
OnBaseU screening was performed by a strength and condi-
tioning coach with over 12 years of experience who is cer-
tified by the College of Strength and Conditioning Coaches
association (CSCCa) and OnBase University©. Motion cap-
ture evaluations were conducted by a biomechanist who
holds a doctorate degree with a research focus in motion
capture biomechanics and sports medicine.

ONBASEU DATA COLLECTION

The screen consists of 16 consecutive tests intended to
identify patterns in a player’s pitching mechanics. For this
study, four OnBaseU tests were selected for comparison by
the strength and conditioning coach and biomechanist
based on the face validity for what tests would be most di-
rectly associated with 3D motion capture metrics. These
four tests were: (1) seated trunk rotation test, (2) side step
walkout test, (3) push-off test, and (4) shoulder 90/90 test.
The other 12 tests that are a part of the screening assess-
ment are not analogous to pitching metrics and, therefore,
were not included in comparisons for this study. Screening
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was conducted in accordance with OnBaseU methods. The
screen was terminated if the participant communicated ex-
periencing pain at any point during testing. Descriptions for
how to conduct each of the four tests included in this study
are detailed below.

A seated trunk rotation test has been described previ-
ously and has demonstrated inter-tester and intra-tester
reliability when measured with a goniometer in healthy
adults.!> OnBaseU adapted this test to include a cervical
spine component and is measured using visual assessment,
rather than a goniometer or other measurement device. The
seated trunk rotation test (Figure 1A) measures cervico-
thoraco-lumbar spine mobility, which is postulated by On-
BaseU to be associated with upper and lower body separa-
tion during a pitch. The test consists of two parts. First, the
player is instructed to sit holding a bat across their shoul-
ders, with their right foot crossed over the left. The player is
then instructed to rotate their thorax to the right as far as
possible without rotating the pelvis. OnBaseU grading cri-
teria consists of a visual assessment of having completed
a trunk rotation angle that is “greater than 45°”, “equal to
45°” or “less than 45°”. Second, the player is instructed
to turn their head back to the left as far as possible while
maintaining this rotated position. The player is evaluated
according to OnBaseU grading criteria, which is a visual as-
sessment of if they had turned their chin “over the clavicle”
or “short of the clavicle”. Both parts of the test are then per-
formed and evaluated for the contralateral side.

The side step walkout test (Figure 2A) was developed
by OnBaseU with the intention of identifying how hip and
groin flexibility influences the player’s ability to stride ef-
fectively during a pitch. To conduct this test, the player
is first instructed to lay on the ground. Two baseballs are
placed outside the foot and ipsilateral shoulder to serve as
markers for the test. Next, the player is instructed to stand
up, stand in-line with one baseball, and stride with the op-
posite foot as far as possible without losing balance. This is
done for both left and right sides. OnBaseU criteria for eval-
uation consists of a visual assessment of whether the stride
foot was “past the ball”, “equal to the ball” or “less than the
ball”.

The push-off test (Figure 3A) was developed by OnBaseU
in an effort to measure hip and groin flexibility during a
stride motion, but it also combines these measures with
lower body motor control evaluation. This test consists of
two parts. First, the player is instructed to stride out as
far as possible such that the striding foot lands perpen-
dicular to the standing foot, similar to a stride performed
when pitching. The distance of the stride is measured by the
player’s foot lengths. Foot length measurements, as defined
by OnBaseU, measure distance as the number of lengths
of the participants feet. This measurement is obtained by
having the participant walk placing their heel against the
contralateral toe and counting how many foot lengths were
needed to cross the distance being measured. To the au-
thors knowledge, this method of measuring distance has
not been validated. OnBaseU grading criteria consists of a
visual assessment of whether the distance between feet is
“greater than 6 foot lengths”, “5-6 foot lengths”, or “less
than 5 foot lengths”. The second part of this test is con-
ducted the same as the first, but in the second part the
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Figure 1. Schematic of A) OnBaseU seated trunk
rotation test and B) hip shoulder separation at foot
strike motion capture metric.
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Figure 2. Schematic of A) OnBaseU side step walkout
test and B) stride length motion capture metric.
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Figure 3. Schematic of A) OnBaseU push-off test
parts 1 and 2 and B) stride length motion capture
metric.

player is instructed to drive off the standing leg and allow
that foot to drag as they would in a normal pitch. OnBaseU
evaluation for this part consists of a visual assessment of if
the additional distance between the feet was “greater than
1 foot length”, “0.5-1 foot lengths”, or “less than 0.5 foot
lengths” of additional distance from part 1. This was done
for both left and right sides.

The shoulder 90/90 test (Figure 4A) was previously devel-
oped!6 and was included in this screen with the intention of
testing gleno-humeral joint mobility and scapulo-thoracic
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stability, according to OnBaseU. For this test, the player is
instructed to stand with slight hip and knee flexion and hold
the arm out with 90° elbow flexion and 90° shoulder abduc-
tion. In this position, the player is then told to externally
rotate at the shoulder joint as far as possible without spinal
extension. This is performed and evaluated for both arms.
OnBaseU grading criteria evaluates movement by visually
assessing if the forearm long-axis rotation about the shoul-
der joint was “greater than the spinal angle”, “equal to the
spinal angle”, or “less than the spinal angle”.

MOTION CAPTURE DATA COLLECTION

Motion capture data were collected at 250 Hz using the 40
reflective marker set required for PitchTrak (Motion Analy-
sis Corporation, Santa Rosa, California) and a twelve-cam-
era motion analysis system (Qualisys AB, Goteborg, Swe-
den). The mound was engineered to meet major league
specification, and pitches were thrown to a catcher located
at major league regulation distance. Participants conducted
a normal pre-game warmup, followed by pitching four fast-
balls, four changeups, and four breaking balls. Reports of
kinetic and kinematic data were generated using Visual3D
(C-Motion, Inc, Germantown, MD) and the Qualisys Base-
ball PAF (Qualisys AB, Goteborg, Sweden). Only data from
fastballs were included in this study. These metrics were
hip shoulder separation at foot strike (°) (Figure 1B), stride
length (%body-height) (Figure 2B and 3B), and shoulder
maximum external rotation (°) (Figure 4B). Hip shoulder
separation at foot strike is the angle between the axis cre-
ated by the left and right acromion markers and the axis
created by the left and right anterior superior iliac spine
markers. Shoulder external rotation is the rotation about
the long-axis of the humerus.

In addition to metrics calculated from pitching evalua-
tions, trunk rotation during a seated trunk rotation test was
measured using the motion capture system. Players were
instructed to sit with their arms crossed across their chest
such that their hands were placed on their shoulders and a
soccer ball was placed between their knees. They were then
told to rotate their thorax as far as possible without rotating
the pelvis. Trunk rotation was the angle between the axis
created from the right and left shoulder acromion markers
and the axis created from the right and left anterior supe-
rior iliac spine.

STATISTICAL ANALYSES

Only OnBaseU screen data from the throwing side were in-
cluded in this study as these data were relevant for compar-
ison with pitching biomechanics 3D motion capture data.
For quantitative analysis in this study, OnBaseU scoring
categories were converted to point values. This was done
for the two-part tests to be condensed into one score that
could be used for statistical analysis. Tests that only con-
tained one part were also converted to point values for con-
sistency. Points were assigned to the evaluations where the
best to worst test performance was awarded the greatest
to least number of points. For part one of the OnBaseU
seated trunk rotation test, evaluations of “greater than 45°”
were assigned three points, “equal to 45°” were assigned

Spinal
Forearm Axis Shoulder External
Long-Axis Rotation Angle

N

Humeral
Long-Axis

Figure 4. Schematic of A) OnBaseU shoulder 90/90
test and B) shoulder maximum external rotation
motion capture metric.

two points, and “less than 45°” were assigned one point.
For part two of this test, evaluations of “over the clavicle”
were assigned two points and “short of the clavicle” were
assigned one point. Points from the two parts were com-
bined to create one test grade ranging from 2-5. For the
side-step walkout test data, evaluations of “past the ball”
were assigned a test grade of 3, “equal to the ball” were as-
signed a grade of 2, and “less than the ball” were assigned
a grade of 1. For part one of the push-off test, evaluations
of “>6 foot lengths” were assigned three points, “5-6 foot
lengths” were assigned two points, and “<5 foot lengths”
were assigned one point. For the second part of this test,
evaluations of “>1 foot length gain” were assigned three
points, “0.5-1 foot length gain” were assigned two points,
and “<0.5 foot length gain” were assigned one point. Points
from both parts of the test were combined to create one test
grade ranging from 2-6. For the shoulder 90/90 test, eval-
uations of “greater than spinal angle” were assigned a test
grade of 3, “equal to spinal angle” were assigned a test grade
of 2, and “less than spinal angle” were a grade of 1.
Correlation coefficients and corresponding p-values and
95% confidence intervals were calculated to determine if
OnBaseU tests were associated with pitching metrics that
were hypothesized to be related. Correlation coefficients of
r<0.1,0.1<r<0.3,0.3<r<0.5 andr > 0.5 were defined
as not correlated, minorly correlated, moderately correlated
and highly correlated, which is in accordance with Cohen’s
definition.!” Additionally, average pitching mechanics from
different OnBaseU scoring categories were compared to un-
derstand if OnBaseU scoring criteria possessed precision
such that different scoring categories result in different me-
chanics. If statistical differences were not found between
groups, this would indicate that players with similar pitch-
ing mechanics could obtain different scores on the OnBaseU
test, and that scoring criteria as it is currently defined is
potentially not useful. Visual inspection of the box and
whisker plots of the four comparisons showed that the data
were not normally distributed. Therefore, a non-parametric
Kruskall-Wallis test with a Chi-squared approximation was
performed using JMP (JMP, Cary, NC) to test if there were
differences between averages of any groups. If the two-
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tailed p-value from the Kruskall-Wallis test was significant
(p<0.05), a Dunn’s post-hoc test was used to assess which
pairwise comparisons might be significant. A Common Lan-
guage Effect Size (CLES) and 95% confidence interval (CI)
for that effect size was reported for each comparison that
yielded a statistically significant p-value from the Dunn’s
post-hoc test. The CLES modifies the d¢, ., effect size by
calculating the pooled standard deviation with weights to
account for groups with different sample sizes.

RESULTS

Motion capture metrics and OnBaseU screen results from
103 adolescent baseball pitchers were compared. Figure 5A-
D shows comparisons between motion capture metrics (y-
axis) and the OnBaseU tests (x-axis) that were hypothesized
to be associated (to discern face validity).

Hip shoulder separation at foot strike (°) and OnBaseU
seated trunk rotation test data (Figure 5A) were minorly
correlated (r = 0.19; p = 0.05; 95% CI = -0.003 - 0.37). Differ-
ent OnBaseU seated trunk rotation test grades did not cor-
respond to statistically significantly different hip shoulder
separation at foot strike angles (°) from the motion capture
system (p = 0.18).

Stride length during pitching (%body-height) and On-
BaseU side step walkout test data (Figure 5B) were moder-
ately correlated (r = 0.34; p = 0.0003; 95% CI = 0.16 - 0.50).
Stride lengths (% body-height) from the motion capture
system of players who obtained OnBaseU side step walkout
test grades of 1 vs. 3 were statistically significantly different
(p < 0.01; CLES = 0.735; CI = 0.395 - 1.378). Comparisons of
all other groups in this dataset were not significantly differ-
ent.

Stride length (% body-height) during pitching and On-
BaseU push-off test data (Figure 5C) were not correlated (r
=0.18; p =0.06; 95% CI = -0.01 - 0.36). Different OnBaseU
push-off test scores did not correspond to statistically sig-
nificantly different stride length data (% body-height) from
the motion capture system (p = 0.07).

Shoulder maximum external rotation (°) and the shoul-
der 90/90 test data (Figure 5D) were not correlated (r = 0.13;
p=0.18;95% CI=-0.06 - 0.32). Different OnBaseU shoulder
90/90 scores did not correspond to statistically significantly
different shoulder maximum external rotation data (°) from
the motion capture system (p = 0.10).

OnBaseU and motion capture seated trunk rotation test
data (Figure 6) were not correlated (r = 0.003; p = 0.98; 95%
CI=-0.22 - 0.22). OnBaseU seated trunk rotation scores did
not correspond to motion capture seated trunk rotation test
data (p = 0.83).

DISCUSSION

The hypothesis that OnBaseU tests would be associated
with analogous pitching mechanics was not supported by
the results of this study. The four comparisons between
pitching mechanics and OnBaseU tests analyzed in this re-
port had an overall positive trend (Figure 5A-D). Only stride
length (%body-height) during pitching and the side step
walkout test results were moderately correlated, while all
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Figure 5. Box and whisker plots display data range.

The box shows the 25th to 75th percentile, the line across the interior is the me-
dian, and the whiskers display the minimum and maximum. The “+” symbol la-
bels outliers. (A) Comparison of hip shoulder separation at foot strike (°) and
OnBaseU seated trunk rotation test performance. (B) Comparison of stride length
(% body-height) and OnBaseU side step walkout test performance. (C) Compari-
son of stride length (% body-height) and OnBaseU push-off test performance.
(D) Comparison of shoulder maximum external rotation (°) and OnBaseU shoul-
der 90/90 test performance. P-values from Wilcoxon non-parametric tests are
shown above statistically significant (p<0.05) comparisons.

other comparisons between OnBaseU tests and pitching
mechanics were either minorly correlated or not correlated.
Further, only the stride length (%body-height) of individu-
als who scored a 1 and 3 in the OnBaseU side step walkout
test was statistically significantly different (p<0.01). Con-
trary to the secondary hypothesis, OnBaseU seated trunk
rotation test data and the motion capture seated trunk rota-
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tion test data were not correlated, calling into question the
validity of the visual scoring method and evaluation crite-
ria in the OnBaseU screen (Figure 6). While most OnBaseU
tests were not found to be associated with 3D motion cap-
ture pitching mechanics examined in this study, they may
have value when used in other contexts to identify areas
of deficiency that may lead to improper mechanics. Further
study is required to understand how this movement screen
can be used.

In the OnBaseU literature, the seated trunk rotation test
adapted by OnBaseU is described as a measurement of trunk
axial flexibility. According to Senington et al., hip-shoulder
separation is an accurate measurement of trunk axial flex-
ibility, particularly lateral flexion,18 making it a reasonable
comparison to the OnBaseU seated trunk rotation screen.
However, hip shoulder separation during throwing is a dy-
namic movement that is affected by not only flexibility, but
also strength, timing, and skill. The OnBaseU seated trunk
rotation test was unable to estimate hip shoulder separa-
tion at foot strike, but if used in combination with a motion
capture evaluation, it could potentially inform regarding
why a pitcher may demonstrate poor hip shoulder separa-
tion by either identifying or eliminating axial flexibility as a
cause.

The OnBaseU seated trunk rotation test score results
were also compared to a seated trunk rotation test mea-
sured using motion capture. OnBaseU seated trunk rotation
test grades did not demonstrate statistically significant dif-
ferences when compared with motion capture seated trunk
rotation results. OnBaseU scoring criteria may lack the pre-
cision to distinguish between trunk rotation abilities
through visual analysis by the evaluator. This calls into
question the validity of the scoring criteria and if it is de-
fined in a way that the test can be conducted with accuracy.
Seated trunk rotation angle was an average of 62.8° # 10.1°
for all 80 pitchers. This is comparable to previous work that
reported an average seated trunk rotation angle of 69.9° +
9.8° in 21 non-injured collegiate baseball players.!?

The side step walkout test is described by OnBaseU as a
measurement of hip and groin flexibility, and since stride
length during a pitch has been shown to be associated with
bilateral total arc of adduction and abduction of the hips,20
these two measurements were compared. Those who scored
a 1 and 3 on the OnBaseU side step walkout test had statis-
tically significantly different stride lengths during pitching
(p < 0.01). This test may, therefore, have value in predict-
ing stride length. When used in conjunction with motion
analysis, the side step walkout test could potentially inform
whether hip and groin flexibility is either too low or high
in players with undesirable stride lengths, thereby aiding
coaches and athletic trainers in developing a program for
that player. A comparison of passive hip range of motion
and the side step walkout test is needed to further validate
this test.

In addition to the side step walkout test, OnBaseU uses
the push-off test to evaluate hip and groin flexibility during
a stride motion as well. Therefore, these test results were
also compared to stride length during pitching measured
using 3D motion capture. The push-off test was not asso-
ciated with stride length. The recommended stride length
is approximately 80-90% of body-height in adult pitchers.
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Figure 6. Box and whisker plot comparison of
OnBaseU seated trunk rotation test and seated
trunk rotation test measured by a motion capture
system (°).

Smaller stride lengths of approximately 50% body-height
have been shown to increase throwing arm momentum, po-
tentially increasing injury risk in adults.2! In youth ath-
letes, every 10% increase in stride length has been found to
be correlated with a 1.9 # 0.4 mile per hour pitch velocity
increase.2? Larger stride lengths alter timing of stride foot
contact, shortening double support phase of the pitch. This
may result in loss of momentum transferred through the
kinematic chain.23 However, larger stride lengths of up to
100% body-height are sometimes beneficial and have been
found to be associated with increased ball velocity.24 In the
current study, most pitchers had stride lengths within the
recommended range and the sample size of players who
scored a 5 or 6 was very low (n=0-4). This raises the question
of whether the higher 5 or 6 test scores are achievable,
would be considered over-striding, and whether this stride
length would be advantageous for that player.

The shoulder 90/90 test was adapted by OnBaseU to
highlight any limitations in glenohumeral joint range of
motion and/or stability of the scapula-thoracic junction.
This test was compared to maximum external rotation of
the throwing shoulder during the late cocking phase of a
pitch measured using 3D motion capture as this metric has
been shown to represent gleno-humeral joint mobility as
well as scapular and thoracic movements during a pitch.2>
The shoulder 90/90 test scores of 2 and 3 were not associ-
ated with maximum shoulder external rotation angles ob-
tained using motion capture during pitching. However, if
used in conjunction with motion analysis, the OnBaseU test
may inform whether flexibility is the reason for disadvanta-
geous maximum external rotation.

A potential reason for the lack of association between
OnBaseU tests and pitching mechanics is that OnBaseU is
a series of movement tests that are performed prior to
warmup. Warmup is a key aspect of athletic performance
that has been shown to increase flexibility, providing ben-
efits such as improved joint range of motion as well as en-
hanced muscular performance.26 Therefore, since OnBaseU
screens are performed prior to warmup, these aspects of the
pitching motion may vary from when they are evaluated
by the motion capture system post-warmup. Additionally,
most OnBaseU tests are static and isolate a single area of
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interest to be measured. Though this may be effective for
identifying specific physical limitations, it does not accu-
rately simulate the dynamic and complex pitching motion.
Also, many OnBaseU tests measure an athlete’s active range
of motion, rather than the dynamic measurements that are
displayed during a real-time pitching motion. In throwing
athletes, dynamic range of external shoulder rotation is sig-
nificantly higher than active or passive range of motion
measurements due to active muscle tone?7 so it is reason-
able to infer that similar effects may be observed in aspects
of the pitching motion as well.

In addition to biomechanical differences between pitch-
ing evaluation methods, sample size could have affected
this analysis. The side step walkout test was the only On-
BaseU test that had enough participants in the two most ex-
treme categories (i.e. test score of 1 vs. test score of 3) to be
able to perform a statistical comparison. All other OnBaseU
tests lack the sample size in either the lowest or highest
test scores (n=0-4) to allow for reasonable comparison of
those categories (Figure 5A-D). Given that so few partici-
pants achieved these scores out of 103 players, it is unclear
if these scores are physiologically relevant or even reason-
ably achievable. These results call into question how the in-
termediate scoring categories can be used to assess efficient
or deficient movement patterns specific to pitching. It can
be seen that intermediate scoring categories lack the preci-
sion to be associated with corresponding pitching mechan-
ics. Similarly, the seated trunk rotation test measured us-
ing motion capture revealed that the OnBaseU seated trunk
rotation test scoring criteria may not defined in a way that
can be used correctly. Further study is required to deter-
mine what ranges of motion can be visually distinguished
from each other for each test and scoring criteria should be
adjusted accordingly. Additional study should also include
multiple evaluators to exclude the variable of evaluator er-
ror. An additional question is whether the OnBaseU seated
trunk rotation, push-off and shoulder 90/90 test lowest and
highest test score categories can predict corresponding
pitching mechanics collected with a motion capture system.
If this were found to be the case, however, it must be noted
that the predictive value of those two OnBaseU scoring cat-
egories would only be in forecasting binary “good” vs. “bad”
mechanics.

It is important to acknowledge the limitations of this
study. Further analysis is needed to examine predictive po-
tential of the lowest and highest test grades from the On-
BaseU seated trunk rotation test, push-off test and shoulder
90/90 tests. Few athletes fell into either the lowest or high-
est test score categories in these three tests, so comparison
of these groups was either not possible or not reasonable.
However, given how few players received these scores out
of 103 participants, it is unlikely that the addition of more
participants would increase the sample size in these scoring
categories and may indicate that these scores are not rel-
evant or not reasonably achievable. Another limitation of
this study is that each part of a two-part test was weighted
equally when combining them in order to create a quan-
tifiable score for analysis. Therefore, if one part of the test
was more clinically significant than the other, this was not
reflected in the analysis. However, consensus among those
trained in the use of the OnBaseU screen is that the two

parts combined in this study were of equal clinical signif-
icance. The OnBaseU seated trunk rotation test was com-
pleted with different methods than the motion capture
seated trunk rotation test. The OnBaseU test included a sec-
ond part to the test that evaluated cervical spine motion
while the motion capture test did not. It is possible that the
lack of correlation between the OnBaseU and motion cap-
ture seated trunk rotation tests is due to the differences in
how the tests were conducted. While the age range of 14-20
years included players of varying skill, height and weight,
statistical analysis of data obtained from 13-15 year-olds,
16-18 year-olds and 19-20 year-olds found that OnBaseU
and motion capture data had no statistically significant re-
lationships. These data were not included in this manu-
script as they elicited no additional information beyond
data presented here. Finally, it is unclear what the effect of
education and experience of the evaluator had on the re-
sults of the OnBaseU screen. This study included data pro-
duced by only one evaluator so no additional variability
from multiple evaluators were introduced. However, prior
study of the Selective Functional Movement Screen™ found
that experience as an evaluator did affect intra- and inter-
rater reliability using a visual and subjective scoring
method.28 Considering that there are no education require-
ments to obtain certification to administer this screen, eval-
uators will have varying training and knowledge that could
alter reliability of the screen.

CONCLUSION

OnBaseU seated trunk rotation, push-off and shoulder 90/
90 tests were found to demonstrate either minor correla-
tions or not be correlated with corresponding 3D motion
capture measurements of pitching mechanics. Only the
stride length (% body-height) during pitching and side step
walkout test data were moderately correlated. Stride
lengths (% body-height) of players who scored a 1 or 3 on
the OnBaseU side step walkout test groups were statistically
significantly different (p<0.01). Therefore, these two side
step walkout test scoring categories may be able to provide
information about stride length during pitching. Statisti-
cally different results between OnBaseU and motion cap-
ture measures of the seated trunk rotation tests indicate
that the OnBaseU seated trunk rotation test may not accu-
rately evaluate trunk rotation. The results of this study indi-
cate that it may not be appropriate to assess youth pitching
mechanics with the OnBaseU clinical assessment screen.
Future study comparing OnBaseU results to metrics of
movement, pain, and injury are needed to determine the
value of this screen.
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