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INTRODUCTION

The defensivenatureof baseball causesit to be dominated by the skill
of the pitcher, who through speed of pitch or a combination of speed and
guilein controlling the ball often determinesthe result of the game (Polk,
1982). Correct pitching mechanics enables a pitcher to throw the ball
repestedly a high velocitieswithout unduerisk of injury. Proper mechanics
will only happen through the coordination of complex body movements.
Coordinationin pitching concernsthetiming of various body motionssuch
as trunk rotation, lower limb drive, and nonthrowing-limb and throwing
limb movements. Inconsistent or erratic pitching performanceswill almost
awaysresult from anincorrect sequencing of body segment motions(Elliott,
Grove, & Gibson, 1988).

There have been several studiesdescribing the kinematics of pitching
mechanicsover agamesituation. A starting pitcher may throw 200 pitches
a game including warmup and may start 20-40 games a season.  Since
baseball is a game dominated by the skill and performance of the pitcher,
fatiguecould lead to adecreasein effectivenessof the pitcher and possibly
thelossof the game. Poor mechanicsdueto fatigue could also lead to the
injury of thepitcher. If acoach isknowledgeableabout theeffectsof fatigue
on pitching hecan devel op proper trainingexercises, identify when apitcher
is becomingfatigued, and possibly savea pitcher from injury.

The purpose of thisexperimenta repeated measures design study was
to kinematically describe the changesin pitching mechanicsover asingle
simulated game of baseball pitching using collegiate pitchers. More
specificaly, it wasto determineif there werechangesin stridelength, foot
contact/baseball releasetime, releaseheight, ball velocity, and kneeangle,
hip angle and trunk angle of the striding leg a ball release.

METHODS

Seven experienced coll egiatebasebal | pitchersvolunteeredto participate
inthisstudy. Priorto collectingdata, subjectswereinformed of the protocol
of the study and signed a consent form. The Peak5 2D Video Motion
Anaysis System (Englewood, CO) with a super VHS camcorder (Pulnix
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TM 620) set at 120 Hz wasused in thecollection of kinematicdata. A Jugs
radar gun was used to collect the velocity of the pitched baseballs.

The protocol for the smulated game was based on the research of
Potteiger, Blessing, and Wilson (1992). Thesubjectsweregivenfivewarm-
up pitchesat the beginning of eachinning. Warmup pitcheswere thrown at
arate of one pitch every 12 seconds. Subjects then threw 14 pitches per
inning at arateof one pitch every 20 seconds. Thesubjectswereinstructed
tothrow a 100 percent effort onevery other pitch whichincludedthepitches
being filmed and throw 85-90 percent on theother pitches. After 14 pitches
(oneinning), the subj ectswere given a6-minutetest period beforebeginning
the next inning. Testing was completed when the subjectsfinished seven
inningsof pitching. Thetotal number of pitchesthrown, excluding warmup,
was 98.

The subjects were videotaped during the Ist, 7th, and 13th pitch of
every inning using the Peak5 video camera. Veocity of the pitch was
determined by a Jugsradar gun at the timeof each pitch.
Thedatawereanalyzedfrom start tofinishof pitches1, 7,. 13and of innings
1, 4, and 7. The values obtained from the video analysis were averaged
accordingtothevariable, pitch, and theinning usinga3x3ANOVA. Alpha
level was set at p < .05.

RESULTS

Theresultsof thekinematic analysisareshowninTable1. They include
the 7 parametersunder investigation for pitches 1, 7, 13 during innings 1,
4,and7.

Table1.
Kinematicdatafor pitches 1,7, 13duringinnings1, 4, and 7.
Parameter Inning 1 Inning 4 Inning 7
Velocity (mph)
1st pitch 805 1.3 79.6
7th pitch TR0 1.0 791
13 th pitch Bl.6 B1.0 79.5
Release height (m)
14 pitch 22 224 2.
7th pitch 221 ek 222
13th pitch 213 2. 221
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Parameter Inning 1 Inning 4 Inning 7
Stride length (m)

1st pitch 1.37 1.40 1.37

7th pitch 1.37 1.38 1.37

13th pitch 1.38 1.36 1.38
Kneeangle (deg)

1t pitch 201 195 203

7th pitch 206 200 203

13th pitch 207 200 201
Foot contact/ball release(s)

1<t pitch 161 A79 168

7th pitch 82 68 TS

13th pitch 168 168 168
Hip angle (deg)

1t pitch 233 . 254 250

7th pitch 247 249 251

13th pitch 241 247 250
Trunk angle (deg)

1t pitch 255 258 254

7th pitch 255 257 255 .

13th pitch 257 257 257

Following the statistical analysis involving the 3x3 ANOVA, it was
determined that there were no significant changes in the kinematic
parametersof ball velocity, stridelength, foot contact to bal releasetime,
release height, knee angle and trunk angle between innings. There was,
however, a significant difference in the hip angle between innings and an
interaction between inning and pitch. A paired t-test was used to determine
that there was as gnificant differencebetween pitch 1 of inning 1 and pitches
1,7 and 13 of innings4 and 7. There wereno significantchangesin any of
the kinematic parameters between pitches.

DISCUSSION

KNEEANGLE

The kneeflexes to increase distance over which work is done (Hay,
1993). One would expect that as a pitcher fatigues, the depth of the knee
flexion would decrease. The pitchersin this study did not change knee
angleover the courseof asimulated game.
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RELEASE HEIGHT

The height at which the ball isreleased variesfrom pitcher to pitcher
and in some casesfrom pitch to pitch. Atwater (1979) found variationsin
release height fromfast ball to curve ball in professional ball players. The
subjectsin the current study threw all fast balls on the pitches analyzed.
The release height determines wherethe ball is released and subsequently
wherein the strike zone the ball will pass. Generally speaking, pitchers
must throw fast balls at angles above the horizontal to get them into the
strike zone. (Selin, 1959). As pitchers fatigue, the elbow tends to drop
whichlowerstherel easeheight. Thiscreateshigh pitchesand lessvelocity.
(Kalmer, 1982). No significant changeswere noted in the release height
of the pitchersin thisstudy over thecourseof the smulated game.

STRIDELENGTH

Related to the release height is the stride length. As stride length
increases, release height decreases. No significant changes were observed
in the pitchersover the course of asimulated game. Thisisnot surprising
since there were no differencesin the release height.

FOOT CONTACT TOBALL RELEASETIME

This study showed foot contact to ball release time to be consistent
over thecourseof asimulated game. There was no previous literatureto
suggest that this timefactor changesover the course of agame.

HIPAND TRUNK ANGLES

The angle of the hip a ball releasedid show significant differences
between innings. The pitchers showed moreflexion at the hip after inning
1. Thissignificant changein the hip angle may be due to a warming up of
thelower back and leg muscles. 1t may al so beimportantto notethat since
there was no significant changein release height between inning 1 and 4,
but there was a change in the hip angle, the angle of the arm would have
had to adjust to maintain the samereleaseheight. Itisalsointeresting that
even though the hip angle did change,the trunk angle did not change
significantly.

BALL VELOCITY

Perhaps the most meaningful finding of this study involved the ball
velocity. Over the course of a simulated game, there were no significant
changesin the velocity of the pitch. One would expect that adecrease in
velocity would indicatethat the pitcher istiring. Sincethe velocity of the
pitch did not change over thecourseof the game, all kinematic parameters
observed would not have been expected to change. Perhaps the controlled
conditionsof thestudy werenot conducivetoelicitingafatiguepattern. In
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areal game situation, psychological as well as physical factors could
contribute to the fatigue of a pitcher. There may be timesin alive game
when the pitcher has to sprint to a base or beinvolved in a run down, and
then there are times when there is pressure on the pitcher to the produce
when there are runners on the bases.

CONCLUSIONS

Based on the scope and limitations of this study, the following
conclusions were drawn: (1) During a smulated game situation coaches
may not seethe samechangesin stridelength, ball velocity, releaseheight,
foot contact to ball releasetime, and knee and trunk angle at ball release.
Thismay not hold true in an actual gamesituation; (2) During asimulated
game situation the coach may observe changesin hip angle at ball release
that may reflect changes during an actual game; and (3) Fatigue did not
occur in the span of 98 pitchesin asimulated game situation, as measured
by the constant velocity of the pitched ball.
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