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Figure 2. PitchAl 2D pose estimated markers.
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Figure 4 a & b. Linear-curves of full-time series of the pitching delivery in the
throwing arm elbow flexion and lead knee extension.

CONCLUSIONS

Similar linear-curve trends were identified throughout the full-
time series of the pitching delivery for both motion capture
systems (Figure 4 a & b). Our results indicated there were
some high to moderate correlations between systems (Table 1).
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METHODS

Previous research has studied the kinematics of the baseball pitching
delivery using three-dimensional (3D) motion capture cameras. 3D
motion capture has become the gold standard to acquire a pitcher’s
kinematics during the pitching delivery (2, 3, 4, 5, 6, 10, 11). To collect
3D human movement, a laboratory setting Is needed where baseball
players are required to wear spandex, non-baseball spikes, and
reflective markers on their body while performing the pitching delivery.
Along with the unrealistic in-game setting, collecting 3D motion data Is
very time consuming in laboratory settings. The pitching delivery is an
explosive, dynamic movement where reflective markers, at times, fly off
the body during the delivery. New reflective markers are then needed to
be replaced between pitches, making a bullpen session last longer than
normal. Due to the elongated bullpen session, it is challenging to
replicate the intensity applied in a game, making it hard to collect
longitudinal data to study fatigue and its changes in kinematics.

Pitchers were then instructed to go through a scripted bullpen where 36 (18 per inning) pitches
were thrown. The first fastball recorded by both PitchAl and Qualisys was used for analyses.

Each pitch was adjusted and synchronized to begin from peak vertical knee position and end at
ball release. Discrete-time points (Figure 3) were evaluated for 14 different joint kinematics using
Pearson R (r), R-Squared (r4), and paired sample t-tests to compare PitchAl's and Qualisys data
results. Interpretation of correlation coefficient is based on the suggestion of Safrit & Wood (8).
Correlations were listed as high (£ 0.800 - 1.00), moderately high (% 0.600 - 0.799), or moderate
(£ 0.533 - 0.599). Statistical significance was set at an alpha level of p < 0.05.

Although there were similar trends and some correlations,
paired sample t-test identified significant differences between
the two technologies (Table 2). These results were similar to
those found by Fleisig et al. (6), where marker-based and
markerless systems had similar 3D kinematic patterns, but
significant differences existed between the systems. The
results of the current study are In contrast to non-peer

RESULTS

Table 1. R-squared (r?) values for different joint angles at discrete-time points of the pitching delivery:.
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METHODS

* = high correlation, ** = moderately high correlation, *** = moderate correlation.

Table 2. Paired sample t-test p-values for each joint angle at discrete-time points of the pitching delivery.
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center model (2).

Pitchers performed a standardized active, dynamic warm-up and then
their own pitching warm-up routine before throwing off a custom-made
pitching mound with 2 embedded force plates.
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* = significant difference.

Figure 3. Discrete-time points (foot plant/contact, maximal external rotation, and
ball release) during pitching delivery.
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