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Success in soccer s W ,  in part, frol tbe ability of players to control the ball and to position it in the 
appropriate placa on tbe field, that king to another player or to the net. Depending on the particular 
situation, a player d g h t  have to direct the ball towards tbe intended target by projecting it high or close to  
the ground. Consequently, soccer players practice extensively the tw types of kicks. Coaches, in order to 
provide sound i n s t n r t i o ~ l  advice, bave atterpted to determine qualitatively the factors tbat differentiate the 
one from the other. 

Kicking has been studied biol~ecbanically for a varierty of reasons, such as in  search of evidence to prove 
the existence of sophisticated motor control programs for gross body m v e m t  (Phillips,l985), to tes t  the 
tleory that in order to achieve high velocities a t  a distal extremity there rust be s e p n t i a l  muscular 
contraction from proximal to  distal  luscles resulting in sumation of segmental velocities (Robertson 5 bsher, 
1985), to stuly the interaction be- segments in rapid mtion (Pubam, 1983; Roberts L Hetcalfe, 1968), and 
to study lover extreaity kinetic relationships lmder various conditions (Zernicke k Roberts, 1978; 1976; 
Roberts, Zernicke, You k B q ,  1974). In addition, several studies bave atterpted to describe and explain 
specific ~echanical aspects of the activity, such as the deterninants of the flight of the kicked f w t h l l  
(Hacaillan, 1375), the path of tbe foot during kicking (Mai l lan ,  1976) and the effects of foot velocity and 
riqidity t~ the velocity of the ball ( h a d ,  1985). 

To date, there i s  no published data comparirq tbe nechanical similarities and differences amng the various 
types of soccer kicking, including the high and low trajectory kicks. The purpcse of this study was to exaine 
the hiqh and low trajectory kicks in soccer and to deternine the kinematic variables that differentiate the% 
me findinq could either support or reject the qualitative instructicnal suggestions regarding body position 
found in coaching. 

Welve high and twelve low trajectory kicks performed by a skilled subject (age: 28 yrs; height: 1.78 a; 
mass: 77 kg) vere videotaped utilizing t w  cameras, a WAC 100 Video Recording Systen (set at  200 fps) and 
a Panasonic W-330 60 Ez video camera. A cube of lrnam dimensions, placed at the psi t ion  of the ball, was also 
videotaped for calibration purposes. Nine t r ia ls  of eacb kicking t y p  wre digitized utilizirq an !.riel 
Perfomnce Analysis System. Three-dimensional mrdinates of 16 body p i n t s  mdelling the h u m  body as a 15 
rigid link system, and the coordinates of tbe ball were calculated by combining the video isages of the tuo 
cameras utilizing the direct linear transfornation (DLT) nethod (Mel-Azir k Karara, 1971). The rav data 

a digitally sxlothed with cut-off frequencies of 6 Ez (body points) and 12 Ez (ball) before being subsitted t? 
further analysis. Denpster's (1955) data as presented hy Plagenhoef (1971) a s  utilized to  predict the seqmental 
and total body anthropometr ic parameters necessary to solve the mechanical equations. 

s RESULTS 

The cwrdinates of the 16 body points and the coordinates of the ball were calculated by considering the 
x axis in the a-lterioposterior direction, the Y in the vertical, and the Z in the mediolateral (a l l  results are 
presented with regari t g  the Z axis (XY plzne), except if noted othervise). Table 1 presents joint angles of 
kigh tr3jectcry kicks (K:I() a d  lou trajectory kicks (LTK). With the exception of the ankle joint angle of tls 
kicking extreaity, a l l  (Mean) joint anq:es were sipificantly different ( p  < 0.01) between the tiR, types of 
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ticks. Rojedian ball srlccities, ball lamb wles  aad foot placeaent on the ball  at the mmt of contact 
are shown in Table 2. Tables 3 ard 4 present selective kinenatic pameten of the ki- and supplrt 
extremities, tnmk and hip seqments, and position of the subject's center of gravity (a;) nth respect to the 
ball at tbc point of coatact. maination of tbir data reveals that altbwgb sow differences exist in the 
variau kinematic p d e n  of the tUP types of kicks tbey do not ulthtely result in a significantly 
different inclination of the fbt vhen it strikes the ball. B e  significant differences in ball lalmch q l e  are 
due to the ball king s W  at a lover point in tbc high trajectory kicks (Table 2).  

Pigme 1 rbon r e p w i v e  mar velocities of the s h d  and thigh segments for both types of kickiq. 
In agreuent vith related literature, the thigh sapentls angular velocity peaks prior to ball contact ard 
decreases tbereafter. The sW&'s aqular velocity increases rapidly at tbe later stages of knee joint extension 
a?ating appmxiaately at ball amtact. 

WlLE1 
Joint Angles of the Kicking ( K )  and Support (S)  Extremities (degrees) 

High Kick Low Kick 

- - - 

M c  Jant Angle (KI . M a  

SD 
Knee Joint Angle tK) MM 

SD 
Hip  Joint Angle (K) MM 

SD 

Ankle Jmnt Angle tS) Mcm 

SD 
ficc Jotnt Angle (S) .MM 

SD 
Hip Jomt Anglc (S) M w  

TABLE 2 
Rejection Ball Velocities and Angles and Paat Placement on the Ball at Contact 

B d  V e k y  ~~) Mesl 
SD 

Blu  Angle (degJcca) MCM 
SD 

Vcmbldiwvrc0f MPn 
h t  abwclbcbw bail SD 
mid-line at cwva Im) 

tLph Kick Low &ck 

21.617 23.387 

,999 2.662 

18.928 *' 6.106 
6.576 4.n93 

- .ow " ,004 

,015 .012 
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UBLe3 
Selective K b m t i c  Para&ere.s of the Kicking Extremity 

Hi@ Kick Low Kick 

Fwt All* 

Shank Ande 

f igh Angle 

Wgh Angle Vci Mryl 461 630 413.235 

( a ~  ball contan) SD 81 661 100 103 

Shank Angular Vel. M a  1132.W6 . 1631,130 

(at b d  EMMI SD 217.351 143 090 

Kr.e  Joint ROSI 

Hip Jmr R0.M 

- -. 

Jornr dm1 scgmrr~ unglrs 8n deqrces Anquiru vzl~x-;ner In  a i g r r u  ~ c r  second 

P C 3 5  

' . p <  91 

The various i n s t m t i o ~ i  sugqestions offered i n  sxcer coaching literature as to the mechinisns by which 
the ball is projected at  different launch angles, revolve around the body position, including the striking fwt ,  

P at the moment of contact. The coaching recomaendations converye t o  the idea that for the high kick, the 'body' 
should be leaning backvard at  ball contact, with tbe shank of the kicking extremity in a more perpendicular 
psition vhile the opposite i s  acclaimed for the low kick. In addition, it is recamended that the toes of the 
striking foot should be pointiq domvard sore in the low kick than in the high. The data presented in this 
study only pr t ia l ly  supparts these ccachinq recoda t ions .  For exanple, the trunk angle to borizontai 
(Table 0 ,  king closer t o  a peqdicular  psition for the low kick would give the impression that the 
subject's kdy is leaning forward i n  this type of kick as suggested i n  the coaching literature. Ibe data reveals 
that, in actuality, there are no significant differences i n  M y  lean ktveen the two kicks. In fact, the CC was 
slightly further Sack in the low kick than i n  the high kick (Table 4 ) .  
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TABLE 4 
Selective Kinematic Paraters of tbe Support Fxtrmity, Tnmk and Hip m t s  at Ball Contact. Lrimntal 
Position of the Center of Gravity (CG) vitb respect to Ball at  Contact 

High Kick Low Kick 

Hip Rotadon 

W - M I S 1  

Hip Angular Vcl. 

( Y - r n S )  

- 
louu anpiu. hp roranon in drqrrcs Anqular > e l o c ~ ~  in drgrecs pcr ircond 

*. p< 01 - pc 05 

Figure 1. Aqular velocity of tbe thigh and shank segments 
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Contrary to the coachirq beliefs, there were a h  m significant diff- in  the inclhtion of Ihe kicking 
extrerity's foot and stank segnent9.B~ significant differences in ball launch angle t a d  in this sWy 
(Table 2) vere the result of tbe hall being h i t  at a significantly higher point fa tbe l w  kick vhen compared to 
the high kick. This in turn, as the data in Table 4 indicates, was the result ot a significantly e l e~ ted  hip of 
the kicking utrerity and a mre perpendicular shank sqmt of tha supporting extremity. 

P Altbough there vere no significant differems fa ball velocity bebeen the two types of kicks, there e r e  
significant differences in tbe mchanh by vhicb they uere achieved. The present data (Table 3 )  indicates that 
the high kick requires larger knee $int ramp of mtioa (ROW) to comteract the smller hip joint WK and 
sllaller hip 6egmeat (tcMsver60) rotation (Tabk 4). The he arqular velvclocity a t  contact was significantly 
larger in the lw kick, which W d  yield hiqber ball velocities only i f  the ball was struck with tha saw part 
of the foot and with the sam body rigidity. These paraneten vere not quantified in the present study so M 
definite wnslarions on this topic cdn be made. 

The representative history ot thigh/shant mar vclvclocitier shown in Figure 1 do not irdicate any 
suktantial differences in seg~ent interaction for the tw types of kicks. I t  appears in both instances that the 
slowing dom of the thigh segpent transfers angular maentim and facilitates a rapid increase in the shanl's 
angular velocity, which pea)rs at appmxiaately tbe tine of cantact. 

CONCLUSION 

The present study reveals that there are significant differences in several k i m t i c  parameters of the low 
and high trajectory kicks. These differences ain i n  placinq the strilring fwt in a position to *loftm the ball 
-hen tbe intention of the kicker is to launch the ball high, and 'propel' i t  boritontally vben the intention is 
to kick i t  low. olofting* or mpropellinq* is accolplisbed by striking the ball below or above its aid-line, 
respectively, ard not by having the foot and/or sbnk at different psitions. 
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