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INTRODUCTION

Many athletes seek to jump higher. Typical training programsconsist
of resistiveexercises such as plyometricsor weight training. For example,
Chu (1992) recommendsthe plyometric exerciseof drop jumpingor depth
jumping. Drop jumping can increase vertical jump height; however,
improvementin vertical jumpingduetodropjumptrainingiswidely varied
and cannot be satisfactorily explained (Bobbert, 1990). In addition,
plyometric trainingisquitestressful to the body and can producesubstantial
muscle soreness (Wilson, Elliott, & Wood, 1990). Thus, it is suggested
that plyometric training should beaddedonly after an athletehasestablished
strength (Powers, 1996).

Strength training for jump sports usually consists of lifting weightsfor
the musclesinvolved in jumping and/or performing Olympic lifts. These
methods are accepted and widely used, yet in order to takefull benefit of
an increasein musclestrength, control needsto beadapted (Bobbert & Van
Soest, 1994). That is, resistive exercises should be combined with or
replaced by other exercises, such as repetitive jumping, that develop the
techniqueof jumping. Such programs have been suggested for improving
vertical jumps (Bobbert, 1990; Hudson, 1990).

Unfortunately, repetitivejumping may lead toinjury from thecumulative
traumaof landing (cf. Dufek & Bates, 1991). Repetitive jumping on the
mini-trampoline, however, might minimizethetraumaof landing and reduce
the risk of injury. Moreover, the mini-trampoline might elicit skillful
techniquein jumping: First, good balanceiscritical to skillful jumpingin
that horizontal velocity must be minimized for vertical velocity to be
maximized. Becausethe small, raised bed of the mini-trampolineoffersa
disincentivefor jumpingforward, ajumper may adjust balanceautomatically
in order to keep surefooting. Second, better jumpers appear to use less
range of motion in the crouch of the jump compared to their less skilled
counterparts (Hudson & Owen, 1982). Giventhat part of the upward thrust
in mini-trampoline jumping is provided by the recoil of the elastic bed,
thereislessneedfor thejumper to takeadeep crouch. Third, skilled jumpers
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seem to use a more simultaneous pattern of intersegmental coordination
relativetolessskilled jumpers(Hudson, 1986). To beeffectivein jumping
on the mini-trampoline, one cannot work asynchronoudly with the bed of
the trampoline; this need to synchronizethe body with the bed might lead
to a relatively simultaneousintersegmental coordination. Presumably, if
better techniqueis elicited by training with the mini-trampolineand this
techniqueis carried over to jumping from the ground, the trainee will also
jump higher.

Thus the purpose of this study was to test the efficacy of arepetitive
jumping program on the mini-trampolinefor improving the vertical jump.
Thefirst objective wasto determineif jump height wasincreased after the
training program. The second objective was to investigate changes in
technique after the training program. Specifically, did subjectsimprove
(a) balance by diminishing forward trandation, (b) range of motion by
reducing the depth of the crouch, and (c) coordination by minimizing
asynchronous movement?

METHODS
An intact group of 8 female intercollegiate basketball players

(age=20.2 yrs, height=173.1 cm, mass=72.1 kg) volunteered for this study
at the conclusion of their competitiveseason. The subjectsparticipated in
amini-trampolinejumping programin additionto their normal post-season
regime of maintenance weight lifting and basketball scrimmaging. The
jump-training programconsistedof 12 setsof 5 repetitivejumpson amini-
trampolinetwiceaweek for 5 weeks, Subjectswereencouraged to produce
maximal effort, but were not verbally coached on any of the variables of
thisstudy. Compliancewith the jump-training program was good, and all
subj ects completed a minimum of 500 jumps.

Maximal vertical jumps were analyzed before and after the training
program. Jump height was measured in thegymnasiumon a Vertec vertical
jumping apparatus. Becauseof the overhead target, thesejumpsare similar
tothosedemonstratedin gamesettings. Techniquewasassessed from jumps
which were performed the following day in thelab. Again subjectswere
asked tojump maximaly, but theoverhead target wasimaginary. Reflective
markers were placed at estimated joint centers, and the right side of the
subject was videotaped. For each subject, arepresentativetria from both
beforeand after the training program was selected for analysis.

The 16 selected trial sweredigitized with a Peak5 M otion M easurement
System. After scanning for and interpolating outlying data points, each
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data array was smoothed with aButterworthfilter. Cut-off frequenciesfor
each array were determined by the optimal option in the Peak software.
Smoothed segmental end points and anthropometricdatafor femalesfrom
Plagenhof et d. (adapted by Kreighbaumand Barthels, 1996) were used to
calculatethe center of gravity (CoG) of the body. Angular positionfor the
knee joint and the trunk and shank segments relative to vertical were
computed as were angular and linear velocitiesfor each frameand trial.

Baance wasrepresented by the horizontal velocity of the body's CoG at
takeoff (Hudson, 1996). Range of motion wasindicated by the knee angle
at deepest flexion (Hudson & Owen, 1982). Coordination was
operationalized as the shared positive contribution (SPC) of thethigh and
shank segments (Hudson, 1986). That is, each segment was considered to
be actively contributing to thethrust of thejump if itsangular velocity was
abovezero and increasing. The number of framesin which both segments
were active was divided by the number of framesthat either segment was
activeto determine the percentageof SPC. The before- and after-training
results were compared with a dependent group t-test interpreted at the .05
level of significance.

RESULTSAND DISCUSSION

Group means for the jJumping variables before and after the training
programaregivenin Table 1. Jump height on the Vertecranged from34.3-
41.5 cm beforetraining and from 35.6-45.7 cm after training. Six of the8
subjects increased jump height by an average of 4.5 cm, and 2 subjects
increased jump height by 6.3 cm. The mean increase of 3.3 cmin jump
height was significant. Thus, it appearsthat the mini-trampolineprogram
waseffectivefor increasingthe height of thejump. Itispossible, however,
that certainindividualsmay not benefitfrom such aprogram. Forexample,
the subject who wasconsideredthe most skillful jumper at the outset of the
study did not change jJump height, and the subject with the highest jJump
decreased jump height after the training program.

Table 1. Meansand Standard Deviationsof Jumping Variables Beforeand
After the Training Program

Jump Height*  Horiz. Velocity* KneeHexion SPC
Before 37.7+29cm 133%£201cm/s 1025%+9.7° 82114%
After  41.0+£35cm  -155£89cm/s 104.91+4.8° 8516%
* p05
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In terms of balance, 7 of the 8 subjects exhibited positive horizontal
velocity of the COG at take-off and traveled forward before the training
program. The exception was the most skilled subject who had a negative
horizontal velocity of the CoG at take-off. Afterthetraining program,all 8
subjectsexhibited negativehorizontal vel ocity of theCoG at take-off. This
change in balance from the beginning to the end of the training program
wassignificantand consi stent with theexpectationthat forward translation
would be reduced after jumping on the mini-trampoline. A broader
interpretation of these resultsis limited by the fact that balanceis rarely
measured in vertical jumping studies. However, the present velocitiesare
similar to but larger than the vel ocitiesreported for an intermediate jump
shooter, -5 cm/s, and an advanced jump shooter, 0 cm/s (Spina, Cleary, &
Hudson, 1996). Combining the resultsof these two studiesthe following
hierarchy of skillfulness for balance in vertical jumping is proposed for
relatively experienced adults. (@) excessive positive horizonta velocity,
(b) excessive negative horizontal velocity, and (c) little or no horizontal
velocity in either direction.

Range of motion, as indicated by knee flexion in the crouch, varied
from 87.2-120.9" before the training program and from 99.0-114.6° after
the training program. Individual resultsare displayed in Figure 1. Six of
the 8 subjectsdecreased their knee flexion after the training program, but
for 2 of them the change waslessthan .5". The subject with the most knee
flexion made the greatest change (87.2-101.0") and the subject with the
least knee flexion made the second greatest change (120.9-114.6°). Only
the subject with the most skill did not change (106.7"). Also, the subject
who decreased jump height was the only subject to have a knee angle of
less than 100" after the training program. Statistically the mean decrease
of 2.4° in range of motion was not significant. One explanationisthat the
mean knee flexion before training was in the desirable range of 90-110"
suggestedby Knudson and Miller (1997), so achange might not be needed.
Another explanationisthat thet-test isnot sensitiveto non-linear trendsin
the data. With the exception of the subject whose jump height decreased,
all of the other subjects had knee flexion angles converging around 105-
110° after training. That is, the subjectswhose range of motion wasdeeper
than the convergencezone, decreased range of motion; those who werein
theconvergencezonedid not change; and the subject whoserangeof motion
wasshallower than theconvergencezone, increased rangeof motion. Given
that most of these subjects had knee angles below the convergence zone
before training, there was a general trend toward less knee flexion or
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shallower crouching after the training program. Thistrend wasin keeping
with the expectationsfor training on the mini-trampoline, but such training
may be most efficaciousfor jJumpers with a deeper range of motionin the
crouch of thejump.
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Figurel Each arrow depicts the resultsfor one subject on coordination
and rangeof motion. Thetail and tip of thearrow indicate the before- and
after-training results, respectively. The closed arrows with solid lines
represent subjectswhoincreased jump height, the closed arrow with adashed
linerepresentsthesubject whodid not changejump height, and theopenarrow
represents the subj ect who decreased jump height.

Shared positive contribution of the thigh and shank, a measure of
intersegmental coordination, ranged from 67-100% before the training
programand from 71-88% after the training program. Asseenin Figurel,
the 3 subjects with the Lowes SPC before the training program increased
SPC by about 21% after the training program, and the 2 subjects with the
highest SPC before the training program decreased SPC by about 13%
after the training program. The subject who decreased jump height also
decreased SPC from 79-71% after the training program. For the other 7
subjectsSPC converged around 80-90% after training. The mean increase

)



of 3%in SPC after training was not significant. Not much change would
be expected, however, giventhat the SPC mean beforethetraining program
was the same as the mean for the most skilled subjectsin Hudson's (1986)
study. Although several subjectschanged SPC by 10-20% after training,
the before- and after-training meansweresimilar because, onceagain, there
wasanon-linear convergence. Nevertheless,theaveragesubject aswell as
the 3 most asynchronously coordinated subjects had an increase in
simultaneity after thetraining program. Again, the subjectsmost likely to
achieve the expected benefit in coordination from training on the mini-
trampolinewere the ones who seemed most in need of the benefit.

Although this study was quasi-experimental and causation of results
cannot be established, there are some encouraging trends. Six subjects
made impressive gainsin jump height after the training program; all of
them ceased jumping forward, and each of them maintained or manipul ated
range of motion and coordination toward the convergencezones of 105-
110° and 80-90%, respectively. Themost skilled jumper before thetraining
program maintained good results for balance, range of motion, and jump
height although her SPC diminished 12% into the convergencezone. For
some reason, the subject with below average knee angle and SPC choseto
maintain her rangeof motion and decreaseher coordinationafter thetraining
program; her jump height decreased as well.

CONCLUSIONS

The mini-trampolineappearsto be an effectiveapparatusfor increasing
the height of the vertical jump. Also, the mini-trampolineseemsto elicit
better technique from many individuals. In terms of balance, there was
sgnificantly less forward trandation in the jump. Range of motion, as
indicated by kneeflexion in the crouch, decreased for most subjects. And"
the coordination of the thigh and shank was relatively simultaneousafter
the training program.
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