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INTRODUCTION

Optimization of performance has been examined primarily through
computer smulation(Levine, Zgjac, Belzer & Zomlefer, 1983; Pandy, 1990;
Pandy, Zgjac, Sim & Levine, 1990; Pandy & Zgac, 1991; Zgjac & Winters
1990). Theseinvestigationscontrol muscle and lever propertiesapriori to
determinethe optimum coordinative patternsfor executing various skills.
The general finding of these simulations suggest that too littleis currently
known about the multipleconstrai ntson the human body todraw significant
conclusions about human performance. Yet, computer generated
optimizationsof movement appear physically impossi bl eto execute (Pandy
& Zgac, 1991; Zgjac & Winters, 1990). Inferences are made with no
deferenceto actual performanceprofiles. Manipulationof kinetic profiles
of individual performersto examinethe hypothetical effect on skillfulness
have not been done. Determination of an optimum curve, however, would
alow performersto be tested and evaluated for technique parameters of
movement that should change to attain optimal performance.

Payne, Slater, and Telford (1968) examined the kinetic patternsaof the
Static Jump (SJ), Countermovement Jump Without Armswing (CMNA),
and the Countermovement Jump With Armswing (CMWA) produced by a
skilled subject. The findings suggested that the addition of arms to the
vertical jJump adds an extra (second) peak to the force-timecurve. The
literatureis void of systematic examination of the "second” peak. Shetty
and Etnyre (1989) and Dowling and Vamos (1993) observed that the
armswing did improve vertical jump, and found the force-time curve
possessed only one peak. Dowling and Vamos (1993) indicated that 54 of
97 subjects produced force-timecurves with asingle peak. The anecdotal
information from thesetwo studiesand pil ot investigationsled to specul ation
that a single maximum force peak in the force-time profile of vertical
jumping may be an optimum pattern for skilled performance. Thus, the
purpose of thisinvestigation was to mathematically standardizethe force-
timecurvetoexplore the hypothetical effect on individual performance. It
was hypothesized that standardizing to a single peak would increase
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skillfulness whether determined by Effective Integration scoresor vertical
jump heightfor performers exhibiting multiple peaksintheforce-timecurve
(see Figure 1).
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Figure 1. Standardized force-timecurve using aparabolic trgjectory over
original force-time profile.

METHODS

Vertical ground reaction forces during the jumps were collected for 51
subjects. All subjects had 2-10 yearsexperiencein jumping intensive sports
(e.g., volleyball, basketball, etc.). All subjects werein good health with no
recent history of ankle, leg, knee, thigh, hip, back, or shoulder injury. Force-
time data were acquired using a Kistler Force Platform (type 9281B)
interfaced with a Kistler 9861A electronic unit that scaled the data and
stored it in aMacintosh IT computer. A purpose-made el ectrogoniometer
interfaced with an IBM DACA A/} board connected to an American XT
286 computer was usedtocontrol crouch depthfor SJ. Subjects performed
multiple repetitions of maximal vertical jumpsunder the Countermovement
Jumps with Armswing (CMWA) and Static Jump (SJ) conditions. To
determineeffectiveintegration scoresfor vertical jJumping, it was necessary
for the subjects to execute three trials each of the two types of jump. The
first wasaCMWA jump. Thesecond typeof jump wastheSJ. Thesubjects
executed the SIfrom acrouch position with hands placed on the hips. The
subject maintained a stationary crouch position for 4 seconds before the
"go" command was given. A time delay in the crouch allowed for the
depletion of any stored elastic energy left in the muscles as a result of
stretch (Wilson, Elliott & Wood, 1991) . Trialswererepeated if an unloading
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phase occurred before pushing out o the crouch position. The vertical
force data were smoothed using a quintic spline.

Biomechanical variables were obtained from the smoothed vertical
ground reaction force data. Each variable was related to the kinetic
characteristics o the center of mass (COM) of the subject (see Figure 2).
Vaiablesused were: (a) minimumforce(Fmin) appliedto theforceplatform
during the unloading phase of the countermovement; (b) maximumforce
(Fmax) appliedto theforceplatform; (c) maximum positivesloped force
(y) between thetimesaf minimumforceand maximumforce applications;
(d) averagesopefrom minimum forceto maximumforce(y); (e) force
at thelow point of thecenter of mass( + F); (f) shapefactor of the major
positiveimpulse phase (A ) (i.e., theshapefactorisaratio o the areaof
the positiveimpulseto theareaof arectanglebounded by Fmax vertically
and theduration of thetimeinterval for the positiveimpulse); (g) ratio of
negative impulse to positiveimpulse (R); (h) timefor the mgor negative
impulsephase (tl); (i) timefrom thelow point of the COM to maximum
force(t2); (j) timefor the positiveimpulse(t3); (k) timefrom Fmax to
takeoff (t4); and (1) timeof eccentric contraction (t5).
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Figure2. Biomechanical variables.

Standardization of the force curve occurred if there were two or more
distinct peaksor if the positive slope of the force curve deviated by more
than 5%before approachingasinglepeak. To"standardize" theforcecurve,
one-half of aparabolawas used. The parabolatook the form of:
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f(x) = a(x - h)*t k, where the axis for the parabolawas the vertical line

x = time, h = time of maximum force application, the vertex lies at the
point (h,k), k = magnitudeof maximumforce application,and a=<0. This
formulacreated asmooth trgectory for theforcecurve. The parabolaended
at Fmax. Maximum force applied to the force platform was not altered.
The decision not to alter Fmax was based upon the assumption that al
individual sexecuted maximum effort vertical jumpsin the original data
acquisition. Forty-threeof 51 trials were standardized. The remainder of
the analysis examined the changes in the relationships of kinetic and
temporal characteristics that occurred as a result of the standardization
procedure. All standardized and unaltered trials were analyzed (n=51).

RESULTS

Performance measures for all individuals whose original data were
standardizedincreased significantly. Non-standardized and standardized
meansand standard deviationsfor the dependent measuresare reported in
Tablel. Significant performancedifferences(p<0.01) werefound between
the non-standardizedand standardized means(F, ., = 23.47 for EIS,

F, —1405forvert|calJumphe|ght)forthevarlabI$|nd|caIed|nTab|e1
AIthough performancemeasuresfor all individualswhoseoriginal data
were standardizedincreased significantly, only four independent variables
changed significantly as a result of forcing a smooth rise to peak force.
Thesevariableswere: (a) {F; (b) A; (¢) R; and (d) t2. Table1 reported
non-standardizedand standardized means and standard deviationsfor the
independent measures influenced by standardization. A significant
difference (p<0.01) was found between the non-standardized and
standardlzed means(F, , = 29.23for IF, F, . =4830for A,

50=26.39for R, and F, ., =8.72for t2).
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Table L Means and Standard deviations of nonstandardized and
standardized datafor all subjects. (n=51)

Variable Nonstandardized Mean Standardized
a0 Mean (5D)
Fmin .45 B (0.2 DASEW  [0.77)
Froax _ 259BW  [(0.45) 2.508W  (0.45)
¥ 16.858Ws — [10.968) 16.528Ws  (11.01)
¥ 5a50WE  (2.50) 5.aGEOVs  (2.54)
_IF Z1SEW (047 | 2.22RWT [0.44)
A 0.38 (0.07) 0.42** (0.04)
R -0.27 (0.07) -0.24* (0.06)
tl 0.40s (0.16) | 0.40s (0.16)
2 0.14s (0.09) 0.155% (0.09)
t3 0.42s (0.08) 0.42s (0.08)
4 _0.17s (009 | 0.17s (0.09)
t5 0.30s (0.10) 0.29s (0.09)
Elumax 18.96% (11.26) 40.43%*  (36.54)
Jump Height 33.66cm (10.41) | 50.08cm** _ (33.81)
**p<.01
DISCUSSION

A significant main effect on skillfulness was found as a result of
standardizationdf theforce-timecurve. Thisfindingsuggeststhat asmooth
riseto peak force maintains positiveaccel erationin the system and alows
the velocity of the system to maintain a consistent rise to peak.
Standardization increased theforce applied to theforce platform at thelow
point of thebody's center of mass. Thisfinding would suggest that unsmooth
risesto peak forceor double peaksdissipatetheforceof thesystem during
theeccentric phaseof thevertica jump. Thehuman muscul oskel etal system
can handlegresater forcesduringeccentriccontraction than duringconcentric
contraction. Thus, subjects whoseinitial performances were altered were
not getting the full benefit of the eccentric load imposed by
countermovement. Smooth rises to pesk force may alow performersto
load the muscle moreeffectively prior to concentricimpetus. Shapefactor
of the positive impulse also increased significantly as a result of
standardization. A 1:1 ratio between perfect (rectangular) impulse and
exhibited impulseis physically impossibleas all musclecontractions need
timeto developforce. However, asmooth riseto peak force more closely
approximates theideal impulse by providing greater area under the curve
than unsmooth or dual peaked curves. Thenegative/positive impulseratio
decreased as aresult of the positiveimpulse becoming larger. Although a
certain amount of negativeimpul se appears necessary, larger amounts of
negativeimpul seare unnecessary for increased skillfulness. Time between
thelow point of the body's center of massand the maximum application of
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forcea soincreased significantly astheresult of standardization. Thisresult
would suggest that performerswho can produceasmoothriseto pesk force
will be able to concentrically contract the muscle over alonger period of
time. Longer duration of positive impulse and shorter durations of time
from low center of mass to maximum force and from maximum force to
take-off lead to a more "rectangular-like" force-timecurve.
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