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INTRODUCTION

Coaching and scientificliteraturehasoften cited theimportanceof using
a“pawing” action in thelanding leg as ameansof maintaining horizontal
velocity during ground contact in the horizontal jumps. Thisisreferred to
asan "active landing.” Koh and Hay (1990a,b) defined an activelanding
as one in which the jJumper employs a backward sweeping of the landing
leg prior to ground contact. The pawing action is thought to reduce the
horizontal ground reaction force encountered at impact, which would act
as a braking force on the jumper's horizontal momentum. The loss of
forward momentumwould be detrimental to performancesincetheoverall
distance achieved is highly dependent upon the ability to maintain the
horizontal velocity (built up during the approach run), particularly over the
span of the threetakeoffsin thetriplejump (Dyson, 1962).

Vay littleresearch hasbeen conducted to support theclaim that an active
landing can help reduce the loss of horizontal momentum during ground
contact (Koh & Hay, 1990a,b; Marino & Young, 1990). The studies
conducted by Koh and Hay (1990a,b) examined the horizontal foot velocities
at ground contact in elite malelong and triple jumpers. In thelong jump,
they found that all of the subjectsused activelandingsduring their last two
strides and takeoff, resulting in mean relative velocity valuesof -9.02 m/s,
-8.37 m/s and -6.46 m/s respectively. Inthetriplejump, they found relative
touchdown velocities of -6.93 m/s, -6.43 m/s and -5.18 m/s for the last
gpproach stride, the hop landing and the step landing, respectively. While
statistically inconclusive, resultsfrom these two studiesled theresearchers
to believe that large negative relative foot velocities at touchdown may
reduce the breaking forces at ground contact (Koh & Hay, 1990a). They
further speculated that elite jumpers may use more active landings than
lessskilled athletes(Koh & Hay, 1990b).

The present study investigated the use of active landingsin the long
jump (LJ) takeoff and the step takeoff in the triple jump (TJ). The
relationship between the “activeness” of the landing and the loss of
horizontal velocity during ground contact was of key interest. It was
hypothesized that: (a) the TT step contacts would be more active than the
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LJ takeoffs; and, (b) the use of active landingswould reduce |ossesin:the
horizontal velocity of the total-body centre of mass (CM) during ground
contact.

METHODS

The data collection took place at the 1995 Atlantic Championships, at
the CanadaGames Stadium in Saint John, NB. The subjectswerefinalists
in the men's LJand TJ who consented to take part in the study. The top
four long jumpersand thetop threetriplejumpersfrom therespectivefinals
wereselected for analysis, with thethreetriplejumpersal so placing second
through fourthin thelong jumpcompetition. Thesubjectshad all previousy
competed a national-level competitionsin either thelLJ or TJ.

The cameraused to collect all datawas an 8 mm video camerafilming
at 60 Hz with a 250 ms exposure. For the LJ filming, the camera was
positionedat adistanceof 11.0m from the planeof motion witha5 mfield
o view centered on thetakeoff board. For theTJ, the camerawaspositioned
11.7 m from the plane of motion with a5 m field of view centered on a
point 5 m beyond the takeoff board, coinciding with the approximate hop
distancefor the subjects.

The best two trialsfrom each subject were selected for analysis; this
sel ection was based on the competitivedistancesrecorded by theofficids, ,
thuseliminatingfaulted jumps. The videofootage wastransferredfrom 8
mm to VHS video format for digitizingon a Peak Motion Analysissystem
(version5.0.7), using a 21-point spatial model. Raw coordinate data was
uploaded to a VA X4500 mainframecomputer for analysisusing theTORK P
kinematic analysisprogram (Putnam, 1981). All raw coordinate data was
digitalyfiltereda 6 Hz within TORKP. Subsequent output wasdownl oaded
to a Pentium-PC for further analysisand graphing using Microsoft Excel
(verson 50) software. Statistical analyseswere performed using MiniTab
for Windows (version 9.2) statistical software.

Touchdown (TD) was defined asthefirst framein which the contacting
foot was seen to contact the runway. Takeoff (TO) was defined asthefirst
framein which the contactingfoot wasseen to losecontact with the runway.
The active landing measure for the contacting foot was defined as the
horizontal velocity of the segmental centre of mass of thefoot relativeto
the CM (relV,_) in theframe before TD. The horizontal velocitiesfor the
CM (V,) during flight were taken as averages over severa frames to
accommodatefor any fluctuationsin thecal culated values. For the TJtrials,
the in-flight VCM was calculated as the average horizontal velocity over
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thefiveframesprior to TD and thefiveframesafter TO. For theLJtrials,
thein-flight V., was calculated as the average horizontal velocity over al
of theframes between thelast stridetakeoff and TD (approximately three),
and the five frames following TO. The changesin V,, during ground
contact (AV,,, ) were defined as the differencesin the V,,, during flight
beforeTD andfollowing TO. Ground contacttimein secondswascal cul ated
by multiplying the number of framesfromTD to TO by 1/60(i.e., framesx
frames/second). Jump distances were the official distances recorded by
the competition officials.

A multipleregression model was used to account for the use of multiple
within-subject trias in the analysis. The general model used for the
regressions was:

Y =P+ B+ B.x, + B3X3 (Hx,)
where: x1 was the independent variable, x2-x4 were subject markers
(x,-x, for TJ, x,-x, for LJ). Subject markers were removed in a step-wise
fashion usingap-valued 0.10 asthecriteriafor elimination from themode,
with thelargest p-values being removedfirst.

RESULTS

A summary of themain kinematic variablesis givenin Tables1 and 2.
The mean distancesof theanalyzed trials were 6.53 mfor theLJand 13.23
mfor theTJ. All foot contactswere™active,” with meanrelV,  of -3.62 m/s
for LJand -4.28 m/s for TJ. All contactsresultedin anetlossof V.. In
examining the relationship of relV, and the AV during contact, a
significant relationship was found in the TJ data (F=10.67, p=0.031). In
the LJ data, a potentially significant subject effect (p=0.109) may have
confounded theanadysisdf relV,  and AV, athough it was subsequently
removed from the model (F=4.17, p=0.087). Therelationshipdf relV, . to
AV, is presented graphicaly in Figure 1. The relationship of relVfoot
and contact time was determined to be significant for both the TJ data
(F=17.97, p=0.013) and theL Jdata(F=23.04, p=0.003), without significant
subject effects.
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Tablel.

Datafrom thetriple jump

Subject Distance ContectTime AV, eV
(m) [ im's) (%) (s}
PL.I 12.92 0.134 -0.52 (6.4) -5.13
PL.2 13.33 0.167 -094 (12.1) -3.82
PB.1 1251 0.150 -0.72 (9.2) -4.85
PB.2 12.82 0.150 -0.90 (11.2) -4.21
CH. 13.97 0.150 -0.80 (9.2) -4.50
CH.2 13.84 0.167 -0.92 (10.9) -3.17
mean 13.23 0.153 -080 (9.8) -4.28
Table2.
Datafrom thelong jump .
Subject Distance ContactTime AV, eV,
(m) (s) (m/s) (Yo) (m/s)
Cc.Bl 6.73 0.134 -1.79 (19.3) -2.98
CB.2 6.88 0.117 -1.31 (14.2) -3.84
PL.1 6.12 0.134 -1.07 (11.9) -3.49
PL.2 6.25 0.117 -1.33 (14.9) -4.60
P.BL.I 6.62 0.117 -1.62 (18.1) -4.83
P.B.2 6.55 0.100 -1.27 (14.0) -5.09
CH. 6.58 0.150 -1.93 (20.7) -119 -
CH.2 6.53 0.150 -1.71 (18.5) -2.94
mean 6.53 0.127 -1.50 (16.4) -3.62
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Figurel. Relationshipaof horizontal foot velocity to changein CM velocity.
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DISCUSSION

The bulk of the research conducted on the horizonta jumps has used
data collected on world-class athletes at international competitions. Koh
and Hay (1990a) indi cated that abroader rangedf subjectsshould bestudied
to help clarify the relationships between kinematic parameters and
performance. The present subject group was madeup of skilled, non-€lite
athletes who had all competed at the nationa level. The performances of
the subjects in this study ranged from 5.90-6.88 m for the LJ and 11.97-
13.97 mfor the TJ. Much of the previous research has focused on elite
athletescapableof attaininglong jumpsof 7.50 mor moreand triplejumps
of over 16.00 m.

Anactivelanding wasdefined asonein which thecontactingfoot attained
a negative horizontal velocity relative to the total-body centre of mass.
Resultsfrom thisstudy found relV, , was-3.62m/s for the L J takeoff and
-4.28 m/s for the TJ step takeoff, thussupporting the hypothesisthat the TJ
contact was moreactivethan theL.J contact. However, thepreviousfindings
of Kohand Hay (1990a,b) did not agree with thistrend, reporting measures
of -6.46m/s and -6.43 m/s for theLJ and TJ step respectively. It isunclear
why thetrend differed betweenstudies. Theelitelevel jumpersin the Koh
and Hay studies used much more active landings than the subjects of the
present study. This supportsthe hypothesisof Koh and Hay (1990b) that
elite jJumpers use greater activeness than non-€lite jumpers.

The results showed that losses of horizontal velocity occurred in both
the LJ (-1.50 m/s) and the TJ step takeoff (-0.80 m/s), with the LJ takeoff
resulting in a greater loss. It may be that, while maintaining horizontal
velocity in the LJ isimportant for performance, thereis a* trade-off' for
vertical velocity, which isalso essential for effectivelong jumping. Again
referring to Koh and Hay (1990a,b), they found changesof -1.20 m/s and
-1.25 m/s for the LJ and TJ step respectively, which did not follow the
trend of the present data set. Again, it is unclear where the differences
arosefrom.

Statistical anaysisof theTJ step takeoff found asignificant relationship
betweentherelV _ prior totouchdown andtheAV ., duringgroundcontact.
This supportsthe notion that active landingsreduce the loss of horizontal
velocity during ground contact. Koh and Hay (1990b) reported a non-
significant relationshipin the TJ, but they indicated that the homogeneous
naturedf theirsubjects skill levels may have masked thetruerel ationships.
Therelationshipadf therel¥  to the AV, in the LJ was not found to be
significant at the 0.05 level, and there may have been a significant subject

129



effect which drove the relationshipin the other direction (see PL(LJ) in
Figurel). Kohand Hay (1990a) reported anon-significantrelationshipin
the LJ, again citing an overly-homogeneoussample. An examination of
Figurel, which combines resultsfrom both the LJ and TJ step, showsthat
there does seem to be a strong rel ationshi p between active ground contacts
and changesin horizontal momentum.

Theground contact timeof theLJ(0.127s) was shorter than the TJ step
groundcontact time(0.153s). Thiswas probably related to two mainfactors:
morenegativevertica velocity priorto TD in the TJ step (dueto theflight
path of the preceding hop phaseof the TJ) and aslower horizontal V,, in
the TJ. Both of these factors would result in prolonged ground contact
timesin the TJ step as compared to the LJ takeoff. Statistical analysis of
both theL Jand TJ stepdatafound asignificant relationshipbetweenrel V,
and the contact time in which greater levels of activenessresult in shorter
ground contact times.

CONCLUSION
Thefollowing conclusions may be made:
* Triple jumpers employ more active landings than long jumpers. The
present study found this to be the case when comparing the long jump
takeoff with the step takeoff in the triplejump.
* Elite-level horizontal jumperstend to use more activelandingsthan non-
elitelevel horizontal jumpers.
* Thereisasignificant relationship between the horizontal velocity of the
foot relativeto the total-body centre of mass and changesin the total-body
horizontal momentum during ground contact. This is to say that, active
landings tend to reduce losses in the jumper's horizonta velocity during
ground contact.

Greater levelsof activenessresult in shorter ground contact times.

It isevident that more studies are needed to better understand the use
of activelandingsin the horizontal jumps. As previoudy noted, it may be
necessary to gather data from a wider range of subjects (i.e., novice to
elite) toclarify therelationshi psamang kinematic variables and performance
parameters. Longitudinal within-subject designsmight also be valuablein
identifyingtheinteractionsof thesevariables. Whiletherehave been many
Kinetic analysesof the horizontal jumps carried out in the past, very few
have examined the question of activelandings. For example, Marino and
Y oung (1990) examined both kineticand kinematicparametersintwotypes
of horizontal jump takeoffs. Future studies should attempt to combine
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kinetic dataon the ground reactionforces with kinematic dataof activeness
measures to gain insights into the relationship of active landings and
reductionsin the braking forces a ground contact. As afollow-up to the
present study, the researcher is carrying out an investigation of the
relationshi p between pre-contact foot velocity and theimpul sesencountered
during the ensuing ground contact. Following the work of Koh and Hay
(1990a,b) and Marino and Y oung (1990), it is expected that greater levels
of activenessin the contacting foot will result in smaller brakingimpul ses
and decreased |osses in total-body horizontal momentum.
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