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INTRODUCTION

Overhand throwing is a skill common to many sports. Most of the
recent research regardingthrowing hasfocused on baseball pitching. While
not identical, pitching and overhand throwing motions are similar in
mechanicsand purpose- to achieve maximum velocity at thedistal end of
the upper extremity. Throughtheuse of sequential segmental motions, the
principal actions of the upper extremity can achieve large rotational
velocities, thus yielding similarly large ball velocities at release (Elliott,
Takahashi,& Marshall, 1996; Gowan, Jobe, Tibone, Perry, & Moynes, 1987;
Pappas, Zawacki, & Sullivan, 1985). Sequential ssgmental motionsproduce
velocity at the distal end by initiating each successive segment when the
previous segment has reached peak velocity (Miller, 1980).

While much is known about the techniques used by highly skilled
performersto achieve large throwing velocities, littleis known about how
the segments contribute to ball velocity. Moreover, even less is known
about how techniqueand segment contributionsdiffer acrossskill levelsof
developmentally mature throwers. In one study, Gowan et al. (1987)
compared less-skilled (amateur) pitchers to more-skilled (professional)
pitchers. They found the less-skilled pitchers used the biceps brachii and
more rotator cuff muscles than more-skilled pitchers, who primarily used
thesubscapularis, in theacceleration phased the pitch. Overdl, activation
patterns of the upper extremity muscles were smilar between both skill
levels. In a study of the tennis power serve, Elliott, et a. (1995) found
trunk rotation and trandation provided greater relative contribution in the
servesdf high-performancetennisplayersthan in the performancesaf tennis
playersin previous studies.

Itisnot known whether trunk rotation and trand ation affect theoverhand
throw in asimilar manner. Additionally, it is not known whether the legs,
arm, and hand contributionsdiffer among throwersaof different skill levels.
The purpose of this sudy was to examine the relative contribution of the
legs, trunk, arm, and hand to overhand throwing velocity across severd
skill levels.
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METHODS .

One hundred and one subjects participated in this study. All subjects
were athletes currently or formerly involved in activities that required
overhand throwing motions. Seven subjects who exhibited a "' push” in
their throwing technique were eliminated. The 94 remaining subjects all
exhibited devel opmentally mature patterns (75 male, 19 female, 86 right-
handed, 8 left-handed, mean age22.6+ 2.4 years).

To determine the contribution of the selected segments to throwing
velocity, al subjects randomly performed four different maximal throws.
Thesefour throwing conditionswere based on previouswork by Toyoshima,
Hoshikawa, Miyashita, & Oguri (1974). In one throwing condition, the
subjectsperformedanormal overhand throw using thewhole body (WBT).
Subjectswere only allowed one step in performing this throw. In another
throw, the subjects performed with both feet sightly staggered, but
remaininginfixed positions(NLT). Thisthrow eliminatedleg contribution,
but allowed the trunk, arm, and hand to follow typical throwing motions.
A third condition required athrow with both theleg and trunk contributions
eliminated (NTT). Thisthrow was performed with the subject seated and
the trunk strapped to prevent movement. The arm and hand were able to
follow typical throwing motions. The fourth throwing condition allowed
only wrist contribution (WRT). Thisthrow was performed with the subject
standing, arm abducted to the horizontal, and forearm flexed to a90 degree
angleto thearm. The forearm was strapped to a plate that only allowed
wrigt flexion and extension.

After receiving informed consent from each subject, he or she warmed
up and stretchedto preferredlevels. Each subject then randomly performed
the four throws into a net with a target approximately five meters distant.
All subjects threw standard baseballs (mass = 143g, diameter = 7.6cm).
Eachthrowingcondition was performed until aminimum of threeacceptable
throwswererecorded. Most subjectsrequired between threeand fivethrows
for each condition. A radar gun was used to measure the ball velocity at
releasefor all throws. Thetarget was situated within the"window™ of the
radar gun and hel ped minimize the number of throws needed.

For each throwing condition, the average velocity of all acceptable
throws was used. The relative contribution of the legs (LEG%), trunk
(TRNK%), and ar m(ARM%, which included shoulder and elbow joints)
wereestimated from differences between the previously described throws.
The WRT throw condition was adirect estimatedf the hand contribution
(HAND%, which included wrist and finger joints). All contributions were
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relativeto theWBT. The equations used were:
LEG%= (WBT- NLT)/WBT
TRNK% = (NLT - NTT) /WBT
ARM% = (NTT-WRT)/WBT
HAND%=WRT /WBT

RESULTS

Initially,aMANOVA was used to comparethe performanceof themales
and females. No significant differences were found (p> 0.05). After
combining the males and females into one group, all subjects were then
separated into three groups based on percentilescore for theWBT. This
resulted in alow velocity group (n=32), a medium velocity group (n=30),
and a high velocity group (n=32).

One way ANOVAs (df=2,91) were used to compare the relative
contributionsbetween thegroups. Significantdifferences(p<0.05) existed
between groupsfor al four relative contributions. ScheffE post-hoc tests
revealed the high velocity group had significantly greater relative leg
contributionthan thelow velocity group. The high velocity group asohad
significantly greater relativetrunk contribution than both the medium and
low velocity groups. For relative arm contribution, however, the high
velocity group had significantly less contribution than the low velocity
group. For relativehand contribution both the high vel ocity and themedium
velocity group had significantly less contribution than the low velocity
group. See Table 1 for descriptivevalues.

Tablel Mean (+S.D.) relativecontributionfor thesegments. An * indicates
asignificant difference between high velocity and low velocity groups, a
% indicates a significant difference between the high velocity and the
medium velocity groups, and a & indicatesasignificant differencebetween
the low velocity and the medium velocity groups.

GROUP LEG%* TRNK*¥ ARM®%* HAND%*§ WBT
LOW 12% 24% 43% 21% 22 m/s
VELOCITY  (#4.70)  (k4.82)  (44.25) (k2.91)  (32.98)
MEDIUM 14% 25% 42% 20% 27 m/s
VELOCITY (£2.69) (k3.84)  (f3.24) E231) (H0.94)
HIGH 15% 27% 40% 18% 31 m/s
VELOCITY  (34.23)  (k4.39)  (43.75) (k2.12)  (+1.77)
ALL 13% 25% 42% 20% 26 m/s
SUBJECTS  (f4.19) (+4.58)  (f3.95) +2.83)  (k4.39)
PVALUE 0.007 0.007 0.006 0.000 N/A
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DISCUSSION

The estimated relative contribution of the legs, trunk, ar m and hand
appearstodiffer among throwersof different skill levels. Thevauesobtained
for the throwers WBT were similar to or dightly lower (ranging from
16.83m/s t035.16m/s, mean: 26.79m/s) than thosefoundin pitching studies
(means ranging from 25.26m/s to 33.5m/s) (Feltner, 1989; Gowan et d.,
1987). Reiability of the data was indicated by the consistent performance
of the subjects. Typicaly, when additional throws were required it was
becausethe ball failed to move through the proper "'window'* needed by the
radar gun. Mogt subjects performed each condition with the minimum three
throws and rardly required more thanfive. It islikely that maxima overhand
throwing is as cong stent as pitching (Feltner, 1989; Pappas et al., 1985).

Thelegsand trunk together contributed about 39% of throwing velocity
for all subjectsin this study. Generdly, both the contributionof thelegs
and thecontribution of thetrunk increased asball velocity increased. (Figure
1.) Broer (1969) proposed that thelegsand trunk would provide about 50%
of throwing velocity. Toyoshimaet a. (1974) found the legs contributed
46.9% to throwing velocity intheir sudy. Thelegsand trunk areimportant
becausethey provide veocity from trandation and long-axisrotation. The
powerful muscles within these segments provide the force necessary to
overcomeinertiaand begin the" whip-like™ action that resultsin maximum
velocity at thedistal end of thearm

Thearm and hand together contributed about 61% of throwing velocity
for dl subjects in this study. Generally, both the contribution of the arm
and thecontribution of thehand decreased asbal vel ocity increased. (Figure
1.) The purpose of the arm and hand segments is to add to the velocity
generated by previoussegments. In acoordinatedmovement, thearm would
begin motion at the peak velocity of thetrunk and the hand would begin at
the peak velocity of the arm. It appears the arm experiences a "'ceiling
effect” as throwing velocity increases. The lack of increased speed in
proportion to theleg and trunk segmentsmay bedueto strength and power
limitations, the inability to provide the torque necessary for additional
velocity, or the inability of the musculatureto contract at greater speed.
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Figurel. Relative contributionof segments by group.

Each of the segments are capable of producing velocity in multiple
ways. The legs add to throwing velocity by actionsa the ankle, knee, and
hip providing thrust and by long-axisrotation at the hip. The trunk addsto
throwing velocity by flexion and long-axis rotation. The arm adds to
throwing velocity in the most complex manner, using media rotation,
transverse adduction, small amountsof abduction and adduction, and el bow
extension. While the elbow is not an irrelevant contributor to throwing
velocity, it has not been found to be a great influenceon throwing velocity
(Feltner, 1989; Toyoshima et a., 1974) and would have added complexity
to the data collection methods used. The hand segment adds to throwing
velocity by flexion at the wrist and fingers. It is not surprising the arm
contributesalarge shareto ball velocity given theimportanceof long-axis
rotationsto throwing velocity (Elliott et al., 1996). Furthermore, based on
the summation principle, long-axisrotationsaof both thetrunk and hip might
be asimportant to arm long-axisrotations as any other factor.

All subjectswere abletodemonstrategreater velocitiesin later ssgments
than they werein earlier segments. Whilefactors such as musclefiber type,
strength, and subject's prior experienceinfluencetheproduct, thedifferences
in segmental contribution found were more a function of technique
differences between throwers. Even though the values presented are just
segmental contributionsestimates, thedifferencesamong skill levelsshould
hold under more sophisticated analysis.

The advantage in the present data collection method is ease of use.
With simple data collection and reduction tools, any practitioner could
collect data using similar methods. There may be implications regarding
injury prevention and skill instruction. If less-skilled throwerstend to use
ar mmuscles unnecessarily and more-skilled throwerstend to use the arms
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more effectively, then better technique will lead to improved endurance
and reduced overuseinjuries (Glousman, 1993). Teachersand coachescan
benefit not only from the data they may collect on athletes, but on the
instructiona methodsthey may use based on theseresults. If proper use of
the lower extremity and trunk is emphasized during instruction about the
mechanicsof an athlete's throw, greater velocitiesmay be produced. Also,
conditioningprogramsshould emphasizethemusclesdf thelower extremity
and trunk as much as the upper extremity.

CONCLUSIONS

Whilejoint immobilization methodsare beneficia for general insights
regarding segmental contributions (Miller, 1980), thereis a need for more
sophisticated three-dimensional methods to verify the differences among
skill level sfound in thisstudy. Recent advancesin methodol ogy may allow
reasonably accurateestimatesof joint contributionsusing three-dimensiona
analysis (Elliott et a., 1995). Such studies will verify how segmental
contributionsdiffer with skill level and whether |ess sophi sticated methods
overestimate or underestimate these contributions.

In general, it was found that as ball velocity increased the relative
contributionof thelegsand trunk increased, whiletherelativecontribution
of the ar mand hand decreased. While factors such as muscle fiber type,
strength, and experience areimportant in throwing performance, it seems
that techniquedifferenceswith respect toleg, trunk, arm, and hand segment
contributions affect throwing speed. Perhaps arm and hand velocity
contributions are limited by a ceiling effect and the legs and trunk are not.
It appears better throwers generate vel ocity morefrom the legs and trunk,
which generatevel ocity with long axisrotation and trand ation of theentire
body, than from the arm and hand.
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