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INTRODUCTION

In present-day gymnastics, stable landing always makes the athletes
skillful performanceeven better and therefore has won worldwideemphasis.
In her research paper, the author, who has been researching in thisfieldfor
many years, presents adetailed analysis of ten athletes' landing movements,
andfindsareliable and effective way of improving thequality of movement
but decreasing the possibilities of injury.

SUBJECTS AND METHODS

Landing movementsof tenfamousathletesin gymnasticsin Chinawere
chosen as subjects.

The author, by means of high-speed photography and photoanalysis,
made a full-scale comparative study of the 9 major parameters out of 22
whichjointly determinesthequality of landing, based on quality pre-landing
movements. They werethe length and the width of thefoot placement, the
horizontal and the vertical speeds of the center of gravity movement, the
touchdown angle, the buffering and braking angle, the hip angle, the knee
angle and the ankle angle. Seven stable and seven unstable landing were
analyzed (Table 1 and Table 2).

Table2
Averagerange of the angles of hips, knees and ankles during buffering

At Touchdown End of Buffering Rangesof Angle €M T

\ v, a H K A H K A H K A imy (s
S 262 501 686 15 160 92 103 98 661 53 62 259 0.16 0.091
U 267 513 766 148 166 103 102 103 801 16 63 229 0.14 0.08

M 265 507 726 152 163 97.5 10251005731 495 625 244 0.15 0.086
Notes:
& thelanding (touchdown)angle (deg.) S.- Stablelanding (7 cases)

V, - horizontal CM velocity (m/s) U.- Ungtablelanding (7 cases)
V- vertical CM velocity (m/s) M .- Mean (14casestotally)
H.- Hipangle K.- Kneeangle

A.- Ankleangle T. - Total timeused

CM..- Change of location of CM
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RESULTSAND ANALYSIS

A. Technicaly wel executed movements before landing determines
the quality of landing (touchdown).

Technically well-executed movements before landing usually feature
high flight, proper movements, el egance and gracefulness. The extended
position of thejoints at touchdown provide the subject with the option of
using alargerangeof joint motion during thelanding phase with sufficient
vertical and horizontal rotations. Consequently, the anticipated balanceof
the subject during and at the landing (touchdown) phase is achieved.
Otherwise, low flight alwaysprovidesinsufficient rotations, narrowing the
possibilitiesof balance during and at the phaseof landing. Asaresult, the
subject isforced, either by the moment of theinertiaor by the moment of
gravity, to make a second adjustment of landing, a technical infraction as
judged by therules.

B. Themean landing (touchdown) angle should befixed.

Thelanding (touchdown) angleisan angleformed by theline between
the center of mass (CM) to the toe and the horizontal a touchdown.
(SeeLain Figurel)

Figure 1 Landing inback somersault dismount
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Thisresearchshowsthat in each landing process, 22 parameters (Table
1) work together, among which the length and the width of the foot
placement, the vertical and thehorizontal CM velocitiesarefour relatively
unchanging variables, while the landing (touchdown) angle, the braking
and bufferingangle, theanglesdf hips, kneesand anklesare morevarying,
subject to variationsduring different movementsof landing. Thelanding
(touchdown) angleis, aboveall, of first priority in ensuring the stability of
landing (touchdown).

According to the theories of mechanics, the process of landing is a
processof counteractionbetweenthemoment of theinertiaand themoment of
gravity, subject to thelanding anglein order to achieve baance. (Figurel)

If the horizontal CM velocity at touchdown is very high, with sharp
landing angle, then the moment of theinertiais very large, but the moment
of gravity very small. In this case, the moment of gravity istoo small to
cancel out the moment of the inertia, and a technical infraction of CM
deviation from its balance point appears.

On the contrary, if thehorizontal CM velocity isdow, very smal, and
themoment of theinertiasmall, too, then the moment of gravity isso strong
that the subject may fall instead of landing stably on thefloor.

Only when themoment of gravity and the moment of theinertiacancel
out each other and the CM falls on the 80-90% areaof the valid support
zone, will the subject stick on thefloor at touchdown.

It has been proved that when the subject is training a certain kind of
dismounts, the most appropriate landing angle can be found and relatively
fixed. For instance, the mean landingangledf the subject’'s vault with turn
around the horizontal axisis69e, when the horizontal CM velocity iS2.76m/
s. During training, al 22 parameters should be measured and analyzed,
figuring out the mean landing angle, in order to find out the reasons for
failureor technical infractionsin landing.

C. Thekneeangleis o first priority in buffering.

Bufferingistheprocessof reducing theeffect of an impact whenlanding.
Research shows that the mean vertical CM velocity of women's vault is
5.07m/s. The correct techniques of buffering should be applied in
counteracting thegreat reacting farce from the ground in landing, about 10
timesthe weight of the subject.

Table 2 showstheaveragerangeof thekneeangle, fi2.5==, isthebiggest
among the knee angle, the hip angle and the ankle angle during and at the
end of buffering. Therefore, theknee joint is the main buffering function
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joint, and special training on-knee joint muscles and ligament should be
stressed. ‘

Table2 a soshows thestablelanding (touchdown) requiresionger time
for buffering, longer distance of CM fallingand larger range of kneeangle
extension.

Thefunctionof bufferingismainly fulfilled by contracting or extending
the anglesof hips, knees and ankles, adjusting the relative location of the
CM to the support zone, principdly falling to the vaid area of it, so that
balanceis achieved. Thelocation of the CM largely affects the moment of
the inertia relative to the support point, and the angles of joints are
determined by thelocation, the vel ocity, thelanding angle and the vel ocity
of rotation of the CM then and there. In Figure 1, the instantaneous
horizontal velocity of the CM of women's dismounts from vaults ranges
from 1.84 to 3.60mv's and landing angle 68.6<. The higher instantaneous
velocity at touch down, the larger range of jointscontraction or extension,
and so the easier for a stablelanding.

In a word, the technically well executed movements of buffering a
landing is of top priority in controlling the movements of landing, which
reducesinjuries but enhances the stability of landing.

CONCLUSIONAND SUGGESTIONS

A. Technicaly wel executedflying movementsbeforelanding phase with
high flight providelarger landing anglebut lower horizontal velocity of the
CM, which makes it easier to land stably and deserves more stress and
attention in training and coaching.

B. Thefaster the velocity of rotationsin flight, the earlier the body should
be extended for dowing down the velocity. Thedirectionsof tho rotation
in flight determinethelocation of support point (toes). On the contrary, the
dower the velocity of rotations, thefarther thelocation of the support point
fallsbehind the projection point of theCM. For instance, the support point
fallsahead of theprojection line of the CM in vault back somersault off.

C. The subject should fly with body extended, chest in, hip angle alittle
narrowed, legs straight and toes tightly stretched, so that the functions of
buffering is well executed by dl relevant parts. The earlier the body is
extended in flight phase, the easier to figure out the correct direction and
proper location. Alsotheearlier toseethefloor, the better balancefunctions
by the musclesat touchdown.

D. Landing movements without buffering, like stiffly extended or tucked
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