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I ntroduction

The 1992 compulsory dismount from the parallel bars (BSD) can be described asa
backward somersault from a handstand position with the body in alayout-piked-
layout position. Although the current compulsory dismount involvesaforward
somersault, mastering of the 1992 dismount is still a must for most gymnastssince
the great majority of them perform backward somersault(s) dismounts as part of
their optional routines. It would be beneficial for gymnasts and coachesto recog-
nize the variablesfor which judgesare looking, as wel as techniquedifferences
between skillfully and poorly executed BSDs. The purpose of this study was,
therefore, to: 1) identify the skill variablesbest correlating with the scores given to
the BSDs by qualifyingjudges, and 2) toidentify the differencesin technique
between the most and least skillful BSDs.

Methods

Eighteen BSDs, recorded during the 1990 United States Gymnastics Federation
Championshipswith a NAC 400 HSV cameraoperating a 200 Hz, were analyzed
utilizing the Ariel Performance AnalysisSystem (APAS). Two dimensiona
position dataof 6 body pointsweredigitaly smoothed with a cut-off frequency of
6 Hz before being submitted to further analysis. Dempster's (1955) dataas
presented by Plagenhoef (1971) was utilized to predict the segmental and tota body
anthropometric parameters necessary to solve the mechanical equations. The
anayzed BSDswererated by two internationallyqualified judges on ascaefrom 1
(worst) to 10 (best). To determinethe best predictorsof agood score, product
moment correl ations between lunematic variablesand the judges averaged scores
were computed. To examine the differences between kinematic variablesof the
best (n=8; average score: 8.438) and worst (n=10; average score: 5.15) BSDs,
paired t-testswere used.

Resultsand Discussion

Table 1 presentsthe means and standard deviationsof the computed kinematic
variable and the correlationsand (Bonferoni) probabilities between these variables
and the judges averaged scores. According to thedataand in order of importance,
the best predictorsof agood BSD are: 1) the maximum height of the center of
mass(CM) abovebars, 2) thetota timein theair, 3) thevertical velocity of the
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Table 1 (N=18)

CorrelationsBetween Mechanica Variablesand Judges Scores

Vaiable Mean SD r P

CMXRL (meters) -0.064 0.176 0.435 1000
CMYRL (meters) 35.336 4.213 0.598 1.000
CMTHRL (deg) 0072 B.925 -0.652 0.639
CMYVRL (met/sec) 2,125 0.579 (1. 550 0,000
CMAVRL (radsec) 3.522 (.58 0.703 0215
SJRL (deg) 59.167 19.319 0.766 0.040
HIRL {deg) 143.5 50.956 0.834 0.003
KIJRL {deg) 176.667 4,220 0.024 L.00D0
LRL (normalized) 0.133 0.023 -0.414 1.000
CMAB (% of height) 49,363 10.095 (.965 0.000
SHJAB (deg) 71.222 17.427 .629 0.934
SKJAB (deg) 172.556 T.816 0.451 1.000
CMYLD (% of height) 49,168 2.776 0.470 1.000
CMTHLD (deg) 80.264 3.559 0.373 1.000
CMAVLD (radsec) 5.003 0.099 0.351 1.000
TTAIR (sec) 0.792 0.033 0.903 0.000
TMXH (sec) 0.193 0.055 0.767 0.039
HIJROMAIR (deg) 75.056 67.587 0.795 0.016

CMXFU:
CMYFU:
CMTHRL:
CMYVRL:
CMAVRL:
SIRL:
HIRL:
KIJRL:
LFU:
CMAB:
SHJAIR:
SKJAIR:
CMYLD:
CMTHLD:
CMAVLD:
TTAIR:
TMXH:
HIROMAIR.

CM horizontd distance from hands at push off.

CM verticd distance from hands at push off.

Angle df hands to CM line (from bars) at push off.

CM vertica veocity at push off.

Angular velocity of handsto CM lineat push off (from v = or).
Shoulder joint angle (hyperextention) at push off.

Hip joint angle at push off.

(Posterior) knee joint angle at release.

(Normalized) angular momentum at push off (Hinrichset al., 1983).

Height of CM above bars.

Minimum (anterior) hip joint angle in the air.

Minimum (anterior) knee joint angle in the air.

CM vertical distance from the ground at landing.

Angle of feet to CM line (from the ground) at landing.
Angular velocity of feet to CM line a landing (from v = or).
Timefrom push off to landing.

Time from push off to maximum height.

Hip joint range of mation during the airborne phase.



CM at release, 4) the hip joint angle a push off, 5) the hip joint rangeof motion
during the airbornephase, 6) the timefrom releaseto maximum height, and
7) shoulder joint angle a push off.

Table2 presentsthet-test scores between computed kinematicvariables of
the groupsof the BSDsreceiving high (mean score=8.438) and low (mean=
5.150) scores. According to the data, the height of the CM above barsis the most
significant difference between high and low scored BSDs. Additional significant

Table2
Comparison Between Mechanical Variables(M and SD) of High (N=8) and Low
(N=10) Scored Dismounts

Variable High Scored Low Scored t P

CMXRL (m) 0.003 0063  -0.119 0219 1.056  0.327
CMYRL (m) 37213 5190 33834 2635 1.260  0.248
CMTHRL (deg) 87525 5.0M 05.710 9.859 -1.537 0.168
CMYVRL (m) 2.63% 0303 1.714 0374 6057  0.001
CMAVRL (degfsec) 4.175  {.681 3.000  0.648 3063 0018
SIRL (deg) 75.250 13424 46300 12284 4585 0.003
HIRL (deg) 190.625 17.631 105.80 33.300 6707  0.000
KIRL {deg) 175.625 4.406 177.50 4.116 -L150 0.288
LRL (normalized) 0.118  0.024 0.146 0.012 -3.895  0.006
CMAB (% of height) 38.866  5.593 41.761 4.B67 7922  0.000
SHJAB (deg) 57750 12021  82.000 13.072 -4.729  0.002
SKJAB (deg) 176.00 3.854 169.30 9.211 1.283  0.240
CMYLD (m) 50275 2316 48283 2903 1L.662  0.140
CMTHLD (deg) 81,829 3702 79012 3.057 1944 (093
CMAVLD (degfsec) 5376  0.695 4866 1.175 0.722  0.494
TTAIR (sec) 0.866  0.030 0.733  0.059 7348 0.000
TMXH (sec) 0.235 0.030 0.159  0.048 -3.780 0.007

HIJROMAIR (deg) 135.125 15.222 27.000 48.582 4636 0.002

factorsdifferentiating high and low scored BSDsare: 1) thetota time that the
gymnastsare airborne; 2) the hip joint angle & push off (thejoint should be
hyperextended); 3) thevertical velocity of the CM at push off (which should be
high and relates, of course, to the CMAB, the TTAIR and the TMXH); 4) the hip
jointactionin theair (gymnasts should perform avigorousflexion-extension
during the dismount); 5) the shoulder joint angleat push off (gymnastsshould
hyperextend); and 6) the angular velocity and angular momentum a push off.
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Examination of theindividual dataof the BSDsreceiviing the highest (9.5)
and lowest (3.5) scores providesadditiona support for the suggestions madein the
previous paragraph referring to thedatain Table 2. For example, the gymnast
receiving the highest score had the highest vertical velocity at push off (resultingin
thelargest height above barsand most timein the air), had the second largest hip
joint rangeof mationin theair, and the second most hyperextended hip and
shoulder joints a push off. In contrast, the gymnast receiving the lowest score had
the smallest vertical velocity at push off (resulting in theleast height above bars, the
least time to maximum height and second smallest timein the air), was at adip hip
joint flexion and the least hyperextended at the shoulder joint at push off, and did
not exhibit any hip joint action when airborne.

As with mogt correlational results, caution should be exercised when the
datain Tablel are consdered. Preiminary regression anaysisreveded that, with
the exception o the CM height above the bars, none of the significant variablesin
the Tableare good predictorsof ajudgesscore. In fact, thispreliminary analysis
reveasthat the second best predictor of ajudges scoreis the horizonta distance of
the CM from the hands at push off (the regresson equation is. Score=-1.629 +
1.44CMXRL + 0.169CMAB, explaining94.8 per cent of the judges scores
variation).

Conclusion

Theresultsindicate that the best predictorsdf agood BSD are the height of the CM
above bars and the vertical velocity at push off and associated timein theair.
Additiondly, the shoulder and hip joint anglesand actions at push off and/or in the
ar areaso good predictorsof agood BSD. Inlieu of preliminary regression
analysis, these predictorsshould be viewed with caution. The height of the CM
above bars, the totd time that the gymnastsare airborne, the hip joint angle at push
off, thevertica velocity of the CM at push off, the hip joint actionin theair, the
shoulder joint angleat push off, the time to maximum height and the angular
velocity and angular momentum at push off are the most significant factors
differentiating high and low scored BSDs.
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