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Success in high level gymastics wqet i t ion  to  date deperds heavily on the abili ty of gymas& to 
denonstrate the e l m n t s  of risk, originality anl virtuosity in their r ou t im .  Gysnasts, in order to win, are 
e x x e d  to perfora the most difficult of the existing skills,  ta invent new ones and execute then vith the 
greatest amplitude and fora. As a result, a plethora of new skills bas been invented for a l l  apparatws. On the 
horizontal !xr and uneven bars a variety of new airborne mvemts has been developed, a fact that increased the 
danger of failure and/or injury ~ r y f o l d .  

Traditionally gymnasts invent new techniques vhich in turn my be the focus of research. The Reverse Uecht 
(Pig.1) on the horizontal bar i s  an exception. I t  mas proposed f i r s t  by the biomechanist Smolevskij (1963) 
before i t  was performed by Tkachev in 1975. Longer after its f i r s t  execution, the ski l l  i s  s t i l l  spectacular, 
b a d  to master and considered of higb difficulty. 
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Fiqure 1: Reverse Hecht as proposed by Smolevskij 

To this day, experimental data on the movement is con-existent. I t  was, thus, the p q s e  of this project t~ 
investigate the mechanics of the ski l l  and to explain, on a case,basis, the reasons of i t s  success or failure. 

The hcrizontal bar optiondl routines p e r f o d  by junior e l i te  athletes during a 1990 USA-Mexico (junior) 
gymastics w t  were videotaped utilizinq a MAC 400 video recording system (set at  200 fps) and a Panasonic 
W-330 60Rz video camera. A cute of horn dimensions, placed underneath the horizontal bar, four points of which 
vere aiso nrked, was videotap3 a t  the conclusion of the meet for calibration purposes. Cne success:ul Reversa 
Aecht, performed by tvo different p n a s t s ,  bas digitized utilizing an Ariel Perfomrice Analysis Sysm.  
Ruee-dimsional cwrdinates of 12 body p i n t s  maleling the h w n  body as a 12 rigid l h k  systea vere 
calculated by combininq the video iaaoes 0: the tw cameras, utilizing the direct linear transfomtion (CL;; 
s thod (XSdel-Xziz b Karara 1571). 

VIII Symposium I S B F  - 141 - Prague 1990 



raw data uas digitally m t h e d  with a cut-off frequency of 5 Bz befcre be& suhitted to further analysis. 
hpster's (1955) data as presented by Plagenhoef (1971) vas utilized to predict the W t a l  and total M y  
anthmpoetric paraaeters w c e s ~ ~ y  to solve the &cal quatiom. 

1C 
EsuLTs 

Pcr this shdp, the amdha&s of the 12 body paints we calculated by considering the X axis in the 
anterioposterior directhi, thc 1 in the vertical and the X in the dolateral. Figure 2 presents stick figure I 

sepnces of the tvo mlyzed parforanoar as wll as the trajectory path of cach subjectis center of pass (a) 
as v i e d  f m  the Z (tra~~veme) axis. 

Pigure 2: Stick figure seqwnce~ and center of rass trajectories of the tvo analyzed trials. 

Figure 3: Center of lass diqiacaent from the tip of the horizontal bar. 
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Figure 4: Rip (top) and shoulder (bottom) joint interseqoental angles. 

Although the figure indicates CY rotation for both trials, i t  should be mentioned tbat the stick f iyures of the 
successful trial bave been rotated 180 degrees about tbe vertical ( Y )  axis to facilitate visual coqdrions; the 
reader should keep this in mind vben the raining results are e x a n i d .  Notice i n  the figure the different 
mshapes' of the CH trajectories with the trajectory of the successful trial being mre circular 3rd the 
trajectory of the unsuccessful beinq flatter a t  the top portion. 

Figure 3 presents CH displacement fro8 the (end ot tbe) horizontal bar. Since the net mtian of Sjtn 
qyunasts i n  the 2 direction i s  negligible, only XY paramters are reported in subsequent results. Figure 4 sbds 
M substantial differences in the patterns of hip and shoulder joints intersegmental angles. Similar ptterns 
between al l  velocity compnents of the Q are revealed in Figure 5. Table 1 presents selective k i ~ t i e  
parameters at  the mtaent of release. 

Flqura 5: Linear velocity of the center of nss .  
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The data reveals subtantially higkr Q( velocities for the sucessful RE as vell as substantially earlier 
release of tbe bar. 

T r n  1 
Selective Linemtic Paradert  of the Reverse Becht a t  tbe Point of Release 

Successful Unsrrwsful 

Sbulder Joint Angle (deg) 201.9 189.0 
Bip Joint QIle (deq) 214.6 216.2 

M Vertical Displacesent (I) .656 .598 
M Horizontal Displacuent ( a )  1.207 -.I58 

M Vertical Velocity (n/sec) 2.557 2.330 
M Boritontal Velocity (p/sec) 2.061 1.506 
M Velocity (mqnitude) (y'sec) !.I85 2.83: 

a Velocity ( r a r h )  (~/sec)  5.930 5.326 

QIle to Rorizontal (deg) 29 59 

Newtonian lechanics sbw that tbe trajectory path of a projectile's CN is pre-determined at the lloment o: 
release , with angle, relative bight and relase velocity being tbe physical quantities governing i t s  motion. 
Re-grasping of the bar, of course, could be achieved by numerous combinations of the three parameters invclved. 
And although the airborn qywast cannot alter the lotion of his M be can crmte a different 'reacha and 
pssibly re-grasp the bar by re-conf iguring the various body segments. F i v e  4 shorn insufficient compecsaticn 
in body configuration of the unsuccesful trial which, w h e n  i s  coupled vith the differences in the initial 
release conditions, might explain tbe different wtcoee. 
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