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Rope skippinghas been aleisure-timeactivity of children for many generations.
and is universaly accepted as an activity with high aerobic demand Indeed, to
emphasi zeand advertiseits' keep fit" component, largenumbersaf young peoplehave
beenengagedindemonstrati onsof complex skippingroutines; e.g., JumpRope for Heart
in the United States. Recently, skipping has been recogni zedasa competitivesport and
issupported by the Canadian Skipping Association.

Theactionof skipping can bedescribedasareoccurring stationary vertical jump
whereby both feet | ose contact with the ground toalow a rotatingropeto pass beneath
them. The height of each jump varies according to the individua's objective, for
example, to jumpat maximum spesd.

Within the past few years, an interest in skipping as a competitive sport has
developed. Theeventsof competitionarevaried. An individua may choosetocompete
insingle-ropeor 'double dutch' events. Thesearefurther categorizedasindividua or
paired, which may be classified asgpeed or freestyle skipping. Thefocusof this paper
ison individual,single-ropestyle soead skipping.

Scientific dat a availableon thisevent arelimited sincethe sport isin itsinfancy
asacompetitiveevent. With theincreasedinterest at therecreational level as well as the
rapid development at thecompetitivelevel, theneed for scientifically based instruction
and coaching methodsis apparent.

PURPOSE

It was the purpose of the present study to determine specific kinetic variables
which may differentiatea novicefrom an advanced goead skipping performer. Kinetic
parametersincluded thegeometry (i.e., pointof application and magnitude) of external
forcesat theinstant of impact

REVIEW OF LITERATURE

No biomechanical data on rope skipping was found in the scientific literature.
However, comparisonsmay be made between salected kinetic parametersof skipping
and thosedf biomechanically smilar events. Activitiesof relevanceinclude walking,
running and vertical jumping.

Anaysesadf thevertical componentof ground reactionforces(GRF) of landingin
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walking, running snd jumping have revealed characteristic double-peaked curves
(Cavanagh & Lafortune, 1980; Miller & East, 1976; Nigg, 1983; Nigg, 1985a; Nigg,
1985b; Nigg et al, T981; Valiant & Cavanagh, 1985). The initial peak, the passive force
phase, represents the point of initial contact with the force recording device (Nigg, etal
1981). It has been suggested that this passive force phase provides a measure of the
magnitude of the load on the human structure (Nigg, 1983). The second peak, the active
force phase, occurs after impact when movement is entirely controlled by muscles
(Nigg, 1983).

In an analysis of landing from a vertical jump, Valiant and Cavanagh (1985:119)
noted two distinctlanding styles which were characterized by twodifferent vertical force
‘:wre patterns. Forefoot landers wese recognized by a distinct double-peaked curve.
Flatfoot landers produced ore large peak. Although they showed no sign of an initial
peak, the magnitude of this large peak was 1.5 times greater than the magnitude of the
active peak in the forefoot group.

METHODOLOGY

Five novice and five advanced caliber skippers participated in this study. All
participants were members of a regional skipping team at the time of the study.

Ground reaction forces Leke measured throughout each participant’s perfor-
mance by means of an AMTI force plate.* AMTI’s gait analysis software package was
used for collection of data. Cinematographic recording by M0 LOCAM cameras
positioned at right angies to each other, and operating at a film transport speed of 200
frames per second allowed for a simultaneous collection of kinematic data for reference
purposes. A rotating drum placed in the visual field of both cameras provided a time
reference e the nearest (.04 seconds.

Hard copies of the kinetic data weke obtained from the AMTI system by
employing the gait analysis software package drive a Hewlett-Packard plotter. The
resulting plots provided an estimation of absolute magnitudes of vertical ground reaction
forces (Fz) throughout each subject’s performance. Components of horizontal shear
forces 7pxand Fy) wek also plotted. — w1 magnitudes of vertical force, mean plate-
time and mean air-time Wee calculated for each subject. Vertical force data were
expressed as a percentage of body weight (% B W) for the purpose of comparison among
subjects. As well, the velocity of skipping (skip steps per minute) was determined for
each subject.

RESULTS
The force-time curves obtained from kinetic data collection produced a series of
sharp vertical force (Fz) peaks. Each peak rose quickly to a maximum of
*The Advanced Mechanical Technology Incorporated force plate is a muli-component
measuring plate capable of detecting ground reaction forces in three mutually perpendicular
planes.
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goproximatdy threetimesthesubject's body weight, and fell back to zerowithinatime
framedf gpproximately 200ms Theimpulsedf each pesk represented contact between
onefoot andthe AMTI plate. Thenumber of peaks varied according to the vel ocity of
the skipping pattern.

A noticeablepreliminary vertica force(Fz) pesk wasnotedfor four out of thefive
advanced performers. A largenegativeanterior-posterior (Fy) shear forcewasobsarved
to accompany thisoccurrence. Resultsfor the novicesubjectsdid not show this trend
(see Figure 1).

Resultsdf an independent t-test performed on the mean magnitude of vertical
force (expressed as %B W) showed no significant difference between groups (p<.05).
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Figurel. Sampleforcetimecurve with preiminary peak.

Table1l. Resultsof Kinetic Analysis

PARAMETER NOVI CE ADVANCED

Fz (%BW) 2.96 (s = .21) 2.86 (s = .11)
Plate-tine(s) 019 (s = .02) 0.16 (s = .01)
Ar-tine (s) 0.09 (s = .01) 0.07 (s = .01)

ip velocity
(steps/min) 222 (s = 21.72) 260 (s = 19.52)
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DISCUSSION

When comparing force-time curvesof skipping with those produced during a
vertical jump,somesimilaritiesas well as differencesareevident For example,on the
vertica jump, as suggested by Miller and East (1976). theforcecurves may bedivided
intothreecharacteristic phases. preliminary unweighting(Fz<BW), weighting(Fz>BW),
and find unweighting(Fz<BW). | tappears that thevertica forcecurvefor skippinghas
only twodigtinct phases, weighting and unweighting, and the first phase, preliminary
unweighting, isabsent during skipping.

Thepreliminary Fz pesksthat wereobservedin thekineticresultsof theadvanced
skippers bear striking smilarity to the passve force pegks noted in the literature.
Perhapsthesepesksarerepresentativeof apassveforce phase. Theactivephasewould
include the remainder of t he force produced after this point when the movement is
entirely controlled by muscle(Nigg, 1983).

The fact that passive forces occurred only in the performancesdr the advanced
skippersisof particular interest. Cavanaghand Lafortune (1976) noted ahigh negative
correl ation between magnitudeof passi veforceand timeof contactwith the ground. The
results of the present study substantiated this relaionship:  an independent t-test
indicated stati stica significancefor the mean timedf platecontact between noviceand
advanced subjects(t = 2.63, df = 8, p<.05).

Theirregularity of the passiveforceoccurrenceswithin each subject presenteda
complication. In each subject, flatfoot and forefoot landings occurred without any
regularity. Also, curveswith a passveforce phasewereaccompanied by an unusualy
high anterior shear force (negative Fy) which isindicative of aforefoot landing style.

Vdiantand Cavanagh (1985). inananalysisoflandingfromavertical jump, noted
that differentlanding stylesare characterized by different vertical forcecurve patterns.
Performancesof forefoot landerswere characterized by theoccurrenceof apassiveforce
phase. Thosed flatfoot landersshowed no evidenceaf passiveforce peaksin their Fz
Curves.

Itisreasonableto concludethat t he occurrenced apassiveforcephaseisrdaed
t o thestyleof landing. Further study in thisareaisrequired to vaidatethis hypothesis.
Such a relationship would suggest important implicationsfor the design of footwear
specifictot he sportof skipping. Assuggested by Nigg (1983). themagnitudedf passive
forceprovidesameasuredf theload repeatedly imposad an the human structure. Insuch
an activity, proper footwear becomes essential.
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