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INTRODUCTION

With the current popularity of thesport and theimportancedf the pitcher
to ateam's success, a biomechanical examination of pitching techniques
would be vauable to a large number of individualsinterested in softball.
Though research hasbeen conducted on many aspectsof softball, thereisa
paucity of research on thetypesof pitches. This may be associated with
the complexity of analyzing the array of pitches used in softball.

The purpose of this study was to investigate the softball windmill
pitching motion by analyzing the kinematicsand kinetics of the throwing
arm and ground reactionforcesamong threegroupsof highly skilledfemale
pitchers. Thefollowing factors were examined: (1) temporal parameters,
(2) ball velocity, (3) stride length, (4) angular velocity at the shoulder and
elbow joints, (5) torqueat the shoulder and elbow joints, and (6) ground
reaction force. Understanding of the mechanics of fast and change-up
pitches could provide information to coaches to assist their pitchersin
devel opingcommand and control of ball velocity, accuracy, and technique,
and to possibly preventinjuries.

METHODS

Thevolunteerswere 18 highly skilled femal e pitcherswho participated
in softball leagues (six participated at the middle school level, six at the
high school level, and six at the collegelevel). All subjectsselected were
right-handed windmill pitchers.

Two video cameras were used to collect kinematicdata. Thefieldrate
of the video cameraswas 60 Hz. Shutters were set to 0.001s to minimize
image blur. Four range poles were used to obtain the three dimensional
coordinatesof thecontrol pointsrequiredfor thedirectlinear transformation
(DLT) method used in the kinematic analysis.

An AMTI force platform measured three orthogonal components of
the resultant ground reaction force. The force platform was secured to a
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metal mountingframe. Theforceplatformand mounting frame wereleveled
prior to datacollection. A wooden frame was constructed around theforce
platform and its surface was level with the surface of the force platform.
This permitted the subjectsto push off the force platform and to step onto
the surface of the wood frame.

Force and videographic recordings were synchronized by matching a
signa of a ball impacting the force platform immediately prior to each
recorded pitch. For the video records, the subjects performed threetrials
of twodifferent typesof windmill pitches (fast and change-up). Datafrom
onetrial of each type of pitch for each subject was used for analysis. The,
human body, modeled as 14 rigid body segments (head, trunk, arms,
forearms, hands, thighs, shanks, and feet), was defined by 22 landmarks.
Oneway ANOVA with repeated measureswas applied to comparethethree
groups and a so the two types of pitches.

RESULTSAND DISCUSSION

Four eventsdeterminedthreetimeintervals. (a) stridefoot takeoff from
forceplatformto ball release, (b) highest point of pitchingar mto ball release,
and (c) stridefoot contact with thesurfaceof thewood frameto ball rel ease.
The mean temporal elements for the three groups of subjectsis presented
inTable1l. Themean timesfor intervals(a), (b), and (c) for thefast pitches
were significantly less than those for the change-up pitches (p<.01).
Statistically there was no significant differencein intervals(a), (b), and (c)
among the three groups. These results were also similar to other reports
found in the literature (Werner, 1994a; Guenzler, 1979). This tempora
data supportstheideathat the windmill pitchisahighly dynamic activity.
The windmill pitching motion takes arelatively short timeperiod, requires
extremely high speedsof upper extremity movement, and, therefore, ahigh
degree of muscular contraction and coordination.

Tablel. Mean Temporal Elements(sec) of theFast and Change-Up Pitches

Time |  MiddeSchool |  HighSchool |  Collegiste |
Interval* Fast Chiange- Fns Change- | Fast | Change-
Up Up | Up
7 0538 0,955 0512 | 0350 | 0535 | 050
® 0170 | 0198 0155 | 0184 | 0162 | 0184
© 0142 | 0174 0112 | 0126 | 012 | 0142

*Timeintervasaredefinedin thetext.
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The mean velocitiesfor thefast and change-up pitchesarepresentedin
Table 2. Among the three groups, there were no significant difference
(p<.01) in ball velocity. When consolidating these results into differences
in the average velocity between fast and change-up pitches, there was a
significant difference between the two styles of pitching. Compared to
previousstudies of femal ecollegiatepitchers, asreported by Kinne (1985)
and Werner (1994a), the mean velocity of thefast pitchin thecurrent study
wassmilar. Thedifferencesin theball velocity between thefast and change-
up pitchesfor the middle school subjects were small compared with the
other two groups. The data indicates that middle school subjectsin this
study seemed less skilled than high school and collegiate subjects in
controlling the velocity of the change-upball.

Table2
Mean Veocities (m/s) of the Fast and Change-Up Pitches
Typeof Pitch | Middle Schoal High School Collegiate
Fad 2122+ 256 | 22574+ 239 | 2339 % 205
Change-Up 1834 +1.11 1703+ 163 | 1846 + 14

For each subject, stridelength is reported as a percent of height. The
mean normalized stride lengths for the fast and change-up pitches are
presented in Table 3. There were no significant differences(p<.01) in the
normalizedstride |ength among thethreegroups. Also, the mean normalized
stride lengths for the fast and change-up pitches within each group were
not significantly different. It should be noted that increased stridelength
did not haveamajor effect on the ball velocity for both styles of pitches. It
was observed that greater stridelengths were associated with subjects who
tended to engage in a leaping motion (often referred to by softball
participants as jumping). In fact, asin previous studies (Bridges, 1982;
Werner, 1994b), aconclusion of thisstudy, isthat stridelengthsof 80to 90
percent of height could be considered appropriate for those who do not
jumpduring the pitch, Also, thecurrent study showed that thestridelength
for thetwo types of pitches among the three groups was similar.
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Table3.
Mean Stride Length as a Percent of Standing Height

| Typed Pitch | MiddleSchool | HighSchool | Collegiate
Fost 833156 06+119 | 93z 202
ChangeUp | 83584 802 +119 | 935 £ 207

Mean peak angular velocities for shoulder and elbow flexion are
presented in Table 3. There were significant differences in mean pesk
shoulder flexion angul ar vel ocity among the three groupsand between two
stylesof pitches(p<.01). Also, there were significant differencesin mean
peak elbow flexion angular vel ocity between two stylesof pitches(p<.01),
but therewas no significant differenceamong the threegroups. It hasbeen
established that flexion-extension angular velocity is an important
contributor to ball velocity (Chung, 1988). Thecurrent study demonstrated
that the pesk angular velocity for shoulder joint flexion for the fast and
change-up pitcheswasreached at approximately themiddleof theexecution
phase and the peak angular velocity for elbow flexion was reached just
prior to therelease of theball. Thisdataimpliesthat as the peak velocity
for thearm was reached, theforearm began to rapidly increasein velocity.
Theother notablefinding wasthat the peak angular velocity of theforearm
occurred at almost the sameinstant astherelease of theball. Thisfinding
isin agreement with that of Alexander (1978), who a so noted that askilled
performer will reach maximumangular velocity of theforearm segment at
virtually the sameinstant as the ball release.

Table4.
Mean Peak Angular Velocity {deg/s) for Joint Flexion

Middle School

Pitch =~ ="
_houlder | 10642 9994 | 13697 11202 , 11526 10753 |
11547 +1426 1042 f67.9 +2008 =1623

Clbow | 14925 12380 14306 12627 | 14795 13479
| 1715 1446 | £1363 21305 | 21241 + 189.4
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The average flexion-extension torquesfor the shoulder and elbow for the
execution phase df the pitches are presented in Table 5. There were no
significant differences(p.<01) in averagetorqueat the shoulder among the
three groups, but a significant difference was found between two styles of
pitches. Also, for average torque at the elbow joint, there were significant
differencesamong the three groups and between the two styles of pitches.
An evaluation of the shoulder and elbow torque histories throughout
the execution phase of the softball windmill pitching motion indicatesthe
extent of musclecontraction. Large negativetorquevaluesa the shoulder
joint were likely the result of the action of the extensor muscles of the
shoulder, causing a reversal, or dowing down o the motion just prior to
ball release. Itislikely that the shoulder flexors are most active relatively
early inthe action, and that this activity isreduced prior to the point of the
release of the bal. At this point, the shoulder extensors are likely very
active as seen in areversa o the resultant torque a the shoulder joint.
They cause a reductionin the angular velocity of this segment. Thelarge
negative torques at the shoulder are accompanied by negative torques at
the elbow. Even though both of these joints are flexing at the point of
release, their extensors areactive. Thisindicatesthat thedominant muscle
group at the release of the ball was the shoulder extensors which were
acting eccentrically as a braketo dow down the flexion of the arm at the
shoulderjoint. Thisisavery interestingfinding becauseit had been common
belief that the flexor muscles acted strongly up to the point of release.

Tableb
Mean Flexion-Extension Torques (Nm)
Middle School High School Collegiate
Typed Fast  Change- Fed  Change- Fad  Change-
Fitch Up Up Up

Shoulder -5.52 254 -6.10 -3.32 -7.39 -5.45

f 467 14.23 f1.50 f3.20 f7.04 f4.86
Elbow -0.97 -0.50 -207 -1.25 -5.33 -3.03

f114 f1.40 f1.38 f2.88 f2.93 f2.33

Of the three orthogonal ground reaction forces recorded, the vertica
forces had the highest magnitudes and greatest change from maximum to
minimum value. Thesearereportedin Table6. There wereno significant
differencesin the pesk vertical ground reactionforce between two stylesof
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pitch and also among the three groups. It was evident from the vertica
ground reaction force records that there was relatively little differencein
the mean maximumvertical valuesin most subjectsbetweentheirfast pitch
and change-up pitches. Thesimilarity inthe vertical ground reactionforce
of the pivot foot among thethreegroupsseemsto indicatethat thedifference
in ball velocity may not have been significantly affected by the pivot foot
in both styles of pitches.

Table6.
Mean Maximum Vertical Ground Reaction Force(N)
Typeof Pitch | Middle School High Schaool Collegiate
Fast 736.72+ 240 74146+ 144.17 | 814.12+ 196.28

Change-Up | 675.00 £182.64 | 727.04+ 22641 | 866.44 + 189.48

CONCLUSIONS

Based upon the resultsof this study, the following conclusions are
recommended for teachers, coaches, and pitchers who are involved with
fast and change-upwindmill pitching in softball:

1. Stride length should not vary significantly for the fast and change-
up pitcheswithin agiven pitcher. The recommended stridelengthrangeis
80 to 90 percent of apitcher's height.

2. From the highest point of the backswing motion, the arm must be
accelerated asforcefully and rapidly as possible. For thisreason, asoftball
pitcher must have strong shoulder flexorsand adductors.

3. Rapid deceleration, or dowing down of the arm prior to release of
theball, isanother important action which occursduring the pitching motion.
Thisisacritical action, requiring a softball pitcher to have very strong
shoulder extensors.

4. Windmill softball pitchers need to work on specific strengthening
exercises, especialy of the shoulder, to execute these rotary movements
effectively and also to prevent injuries.

5. The vertical ground reaction force of the pivot foot may not
significantly contribute to ball velocity. The greater attention should be
placed on the study of theground reaction forceaf the stridefoot.
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