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ABSTRACT

In this paper, it takes the long jump sports ingsi for example, and obtains that the most relefator with long
jump athlete’s sports injuries is the technicaliaaterror by using principal component analysis aRdarson
correlation analysis, uses the bio-mechanics anthdyics techniques to conduct research and andlgsithe long
jump run-up, jump preparation, jump, vacated, aadding five action essentials, obtains that thestak angle
increases with the decrease of the jump speedtandistance of the long jump increases with thecimes of the
take-off speed, thus obtains that the best takarmffe and speed not only improve athletic perforogaof the long
jump athletes, but also provide a professional agiéntific prevention method for the long jump spanjury.
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INTRODUCTION

Sports have become increasingly important in modiéarof people, and it has become an integral patiuman
life. People can harvest healthy and joyful moad, hay also gain pain and sorrow in sport. Spaijtgies caused
by the movement are reality that we cannot evalde, the problems to be solved. In this paper,kiesathe long
jump as an example to conduct summarization antysiseon the causes of long jump sports injurieg] puts
forward a reasonable and scientific way of propxigland treatment.

In recent years, domestic and foreign experts lavelucted intensive and in-depth research on tbeecaf the
long jump sports injuries. Some experts pointedtiat the causes of long jump sports injuries ha¢ the exercise
intensity is too large, insufficient preparationyeasonable amount of exercise, technical moveereo, the venue
does not meet the requirements, flaunt one’s soipigriand several key factors [1]. Factors thatsiag long jump

sports injuries are in various aspects, includingrenmental, psychological, and technical fact@asly by finding

out the main cause of long jump sports injuriesgging it and coming to a reasonable solution, waravoid the
occurrence of sports injuries long jump radically.

Environmental factors, include space, equipment\wedther, etc., can avoid the production of injoyereplacing
and transforming the venue and other methods. Rlaymod can also affect the generation of injuvlgich can be
avoided by psychological counseling and self-retiptaand other means. For technical reasons ibcénbe fully
solved through continuous research and improvemerihe long jump technology. So long jump techniguthe
key factor affecting the long jump sports injuriegientific and rational research for long jumphtgque is
fundamental to solve sports injury. The basic méttwstudy long jump technology is the principlenoéchanics
and dynamics. As early as 1984 Ralph Lindeman iartinle “the mechanics principle of long jump tecfues”,
conducted mechanics analysis on the run-up, jurapasation, jump, vacated, and landing five aspeafcisng jump
technique[2]; Chen Feng (2013) conducted kinetiudyson the take-off techniques of long jump[3]. By paper
“common sports injury causes and preventive measiareLong Jumpers” of Cai Bin, we know that theisa of
long jump sports injuries are: that the exercigerisity is too large, insufficient preparation, eesonable amount of
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exercise, technical movement error, the venue doesneet the requirements, flaunt one’s superiaitgt several
key factors[1].

Through learning on previous research, this artialees jump movement as a physical process anyzasathe
movement and the forces condition step by steposling to the principles of mechanics and dynantios,forces
are described using the physics equations to aaivéhe optimal take-off angle and speed. It potswérd a
scientific and effective prevention method for lojugnp sports injuries, also provides reasonableyssiipns for
long jumpers to achieve best results.

1. Main cause analysis on the long jump sportsinjuries

Long jump is a common and simple means of physigakcise; regular practice of long jump can imprdve
body's speed, strength, agility, can enhance thly'®deart and lung function, make the nervousesystore
flexible, and improve the coordination of variouslly parts. And in all types of field events of sarious schools,
the long jump is an essential part. So sportsiggun the long jump are inevitable and the mostrmon. Therefore,
we must understand the reasons for the long jungutspnjuries, and find a reasonable solution, ey a
reference opinion and recommendation for coachesipal education teachers and long jumpers irouarschools,
and makes long jump truly become a health and egsrcise way of human life.

Long jump consists of five successive phases, ppeoach, take-off preparations, take-off, vacatedl landing, and
it is a complex physical movement process. Apprageted and takeoff are considered the most impqotats. At

this stage it produces the horizontal velocity timatkes the body forward and the vertical velodiigttmakes the
body vacated. Since long jump has the characesisti high speed and high strength, lower extrewitathletes
need to bear the impact force that is several times its own weight, and therefore long jump dtitejoints,

muscles and other injuries phenomena often appear.

2.1 Principal component analysis on causes resulting in long jump sport injury

For many reasons of long jump sports injury, thiougathematical dimension reduction method it iderstiseveral
variables that have relatively large correlatiothwhe sports injuries to replace the original ablés, so that these
variables can represent the information amountlof af impact factors as much as possible, any #re unrelated
to each other. Principal component analysis isytdat get the variables that may have some relevavith the long
jump sports injuries through analysis, re-screeth emmbine into a new set of variables to replaee dhginal
variables.

The selected first linear combination namely the lByge exercise intensity is denotedxbywe want it to reflect
the relationship between it and sports injuriesnagh as possible, we use variance to express ritibnship”,

ar(x,)

that is the greatey is, the closer the relationship betwedhand sports injuries becomes. So select the

greatest varianc® in all linear combinations, and c&il the first principal component. If the informatiamount
of the first principal component is insufficientf@anmation on behalf of the origina,\l affecting factors, and then

we consider seled namely the linear combination of inadequate pragamn; in order to effectively reflect its

relationship with sports injuries, the existing at@nship of does not need to appear )fh, that is to
askCOV(Xl’ X;) =0 , X2 is called the second principal component, and rsave can find the third, fourth ......

theN th principal component.

Standardization process is a prerequisite of ggalatomponent analysis, and therefore when caowygh principal
component analysis on the physical and chemicaanars that lead to sports injuries, we need fitahdardize the
data, the standardization equation is in the foan(l) below.

_ x; — min(x,)
X max(x,) — min(x, )

@)

Using SPSS to conduct principal component anafgsithe normalized data of long jump sports injuagd obtain
the principal component analysis matrix, as follows
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Table 1: Principal component analysis matrix

The causes of injury Component
Exercise intensity is too large 0.996
Insufficient warming up 0.996
Unreasonable amount of exercise| 0.978
Technical action error 0.985
Site does not meet the requireme 0.981
Flaunt one’s superiority 0.659

Seen from the above table 1, after analyzing thdasitors that lead to the long jump sports injsitissing principal
component analysis we get five main components, ehanthe exercise intensity is too large, insuéitt
preparation, unreasonable amount of exercise, i@mhmovement error and the venue does not meet the
requirements. Components of the five factors drelase to 1, and the relevance with sports inpuaee all great;

but the main ingredient of flaunt one’s superioiigy0.659; apparently it has the minimum relevawith sports
injuries. So these five factors are associated sfibrts injuries, can be taken as a major causengfjump sport
injury, only flaunt one’s superiority do not haveetcondition of main component.

2.2 Pearson correlation analysis on causes resulting in long jump sport injury
The correlation coefficiert is defined as shown in the formula (2).

D o GOl C ) B o C R S )
JZ O =07y, - )° no.a,

()

Among them, Nis the number of main reason for the jump spoijtsies; X~ Y are mean values of variables y;

7% Yy are the standard deviations™f Y. The symbol of correlation coefficieht represents the direction of a

linear correlation; the absolute value' ofindicates the strength of the linear correlatiohgn I is close to zero, it
indicates there is no linear relationship, but thegy still have non-linear correlation; when thealbte value of
is close to 1 indicating the two variables havérarg linear relationship.

According to the analysis of the correlation analyable, at the timg< p= 0'1, two factors are significantly
correlated. It can be drawn that: the correlatietwieen technical errors and long jump sports iagiis the biggest,
so the technical action error is a major factoultésy in the long jump sports injuries.

2. Biomechanical analysis of technical action

Long Jump is divided into the run-up, jump preparatjump, vacated, and landing five areas; in ptdeachieve
the best results and reduce sports injuries, dutiegrun-up it requires to achieve maximum corditnlt speed.
During the whole process it does not receive aistance and friction, only suffers gravity.

The motion process of run-up and jump preparasahown in Figure 1. The athletes began to carrpocelerated
motion from the starting moment, theoretically 8peed reaches the maximum controllable speed wdsahing
springboard. The moment that reaches Springboattieisake-off preparation phase. At this time daddeneed to
control their horizontal speed, use the bouncéhefltody’s lower extremities to give an upward foreehe body,
and have upward movement speed. Athletes compbetdong jump movement with the role of the horizabnt
velocity of approach and the vertical velocity oifrip.

Figure 1: Schematic figure of approach and take-off preparation process
In order to facilitate the mechanics and dynamicalysis, conduct analysis and simplification on fimecess in

Figure 1. At the moment of taking-off, the speegleded view when the athletes are about to leageptidal is
shown in Figure 2:
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Figure 2: Speed exploded view
From Figure 2 we can suppo\é?e is the limit speed when people approa(yhis the initial velocity when take-off,

v, sind o, cosd

is the take-off speed in the vertical directi is the take-off speed in the horizontal directismthe

Eozlmvﬁ Elzlmvfsinze
total energy when take-off is 2 , the energy of the vertical direction when takkeisf 2 ,

E, = 1 mV’ cos’ &
the energy of the horizontal direction when takkisf 2 , due to gravity, air resistance, friction and

other factors accompanied loss of energy when faler(Fo .

Obtained by the energy conservation law:

E,=E, +rE, +E, 3)
vV, =v1-rv, (4)

1

Through the analysis and study on motion proces$&#sic range in horizontal direction is:

_v/sin28 _ (@-r)v;sin26

R ()
g g
Seek the derivation &t ong, and then we have:
drR _ (L-r)v:2cos26 ~0 ©)
dé g
2 :ﬁ

Then we have 4 .

According to the above analysis, in the case thatrtnaway speed and take-off speed both reactptit@al state,
we can be sure that this value is the take-offatight makes the jump long distances reach thermemj also the

best take-off position when the safe landing islibst. And we can see that the value is relevathtwi and" .

T

}

Figure 3: Landing point

In fact, in order to jump farther and reduce th@at of exposure to foot as much as possible,ealatiiding point
athletes foot is usually out in the front of thedipoand has a certain angle with the ground; Therobling of the
angle has great significance for the reductionpafrts injuries, as shown in Figure 3. In this gosit the center of

gravity of athletes ishlower than that when jump; and when landing theadis® between the body center of
gravity of athletes and the feet is shorter thandistanc& between the body center and the feet before juimp.

the landing angle té then we havg =a- sm,B.
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In this case, we have the long jump distances:

_v,cosd, . — .
R= (v, SinG+,/(v, sind)? + 2gh) +bsin B )
(8

R= LTV COE 1y Sing+ /A= r)v2 sin® 6+ 2gh) + bsin 3
g

Theoretically in the allowable range, the smalle tanding anglg is the better, but it also must be greater than
the angle between the legs and the ground, otherthis buttock will touch the ground, and it is vegsy to
damage the knees and feet. Drawn from the experjehis angle is about 45 degrees. According tadfaition

of'B, the angle between the thigh and the horizontelshould be as small as possible, so it makestlietes’
center of gravity easy to be unstable, and resultie generation of falling over oneself and otheenomena. If

bsin3 can be seen as a constant, we can get the resalezlof best take-off angle when the long jumpadises

a0y

reach the maximum. Seek the derivation of the égu#6) on 9 , Set it to zero and simplify, we can get a
transcendental equation:

p() =q() ©)
p(a) = 2+1283 ++/2 cscay/1+38 - (B + 1)cos2a (10)
q@) = [6 + 48 +3J2csca1+ 36 - (B + l)cosa |cos2a (11)
Equation (7) can be solved using as a graphingadeth a numerical method. Taking a player's he{@l&6m), for
example, that is@= 093m b s approximately 0.6m, B =450 ., we can approximately get

h=05Imgngl = 042m  And command =110, equation (9) is calculated on both sides with hodt of

increasing the take-off angle; the best take-o@‘laﬁ\ﬂ corresponding to the maximum long jump distanae loa
obtained. In the data it gives values of each patamwhen the initial velocity takes different vaduy obviously the

take-off angle is smaller than the original caltedatheoretical value 35.26. At the same tirﬁ%ﬂ, also increases

slightly with the increase 3 , the body tilt angle decreases with the incredde cand Rincreases accordingly.

Table 2: The best take-off angle corresponding to the long jump distance

Initial speed m/S | Take-off speedm/ s | Besttake-off angld Farthest distancd !
10.0 8.35 32.65 7.59
10.5 8.75 32.87 8.26
11.0 9.16 33.06 8.96
11.5 9.57 33.23 9.69

As shown in the above table 2 it is the best takedagle and speed. The method reduces the impeat that the
lower limbs of athletes bear in the long jump moeammas much as possible, thereby reducing theiésjwf his

ankle and knee. The training in accordance witlhspeed and angle is not only able to reduce thgjlomp sports
injury rates to a minimum, but also continuouslypioves the quality and level long jump athleteg] anables
them to achieve the best results. It also avoidg jomp sports injuries fundamentally, and makesdthletes get
the best results in the premise of the health afetys

CONCLUSION

In this paper, it further studies the former caofi®ng jump sports injuries, obtains that the ma&ason resulting in
the long jump sport injuries is technical actioroeby using principal component analysis and Reacorrelation
analysis method. According to biomechanics andtkingaeory it puts forward safest, scientific arehsonable
technical action recommendations for the long jumprder to avoid sports injuries due to inadequatparations,
coaches or sports teachers should organize attdettstudent to do modest and adequate prepamtioities.
Before exercise athletes can carry through geradl professional two preparatory works. Generapgmation
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work is mainly simple activities on the ankle jantigaments and other parts to make it graduallgpa to the
gradually increasing exercise intensity.
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