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INTRODUCTION

During the downswing phase of a giant swing at the uneven bars, gymnasts are
forced to either flex their hips forward ("flexed-hip clearance"), legs close
together, or spread their legs wide apart (" straddle clearance") to avoid hitting
the lower bar with their feet or shanks. In our sample, gymnasts who chose to clear
the lower bar by flexing their hips (Fig. 1) markedly plhyperextended the spine
during the second half of the upswing, while gymnasts using the straddle clearance
(Fig. 2) maintained a slight flexion at the hips and shoulders during most of the
upswing and eventually extended to handstand. Coaches report that gymnasts who
hyperextend the spine in the last part of giant swings, when the body is close to
handstand position, have a fair chance to get seriously injured at the spine. It
must be pointed out that the exercise may be

repeated several times a day during training % |
sessions. Is spine hyperextension a painful but __‘j.,"-:!:i'liq tlhblf!'!"f-f.-__,

y g Al
forced choice to reach the final handstand when the S e '-"_ -'_}
gymnast does not possesses enough angular momentum h e

at the end of the downswing? Does the straddle
clearance help the gymnast to gain more angular
momentum during the downswing, so that the gymnast
is free to utilize a less effective, but not
painful technique during the upswing? The answer to
both questions is clearly negative, within the
limitations of this study. Data gathered in this
study show that, although spine hyperextension is
widely used,' it is not the most efficient way to
reduce the loss of angular momentum during the

upswing, as coaches believe. On the contrary, in
our study the loss of angular momentum during the
upswing was smaller for gymnasts who did nNoOt gigure | - Flezed-hip lower
hyperextend the spine. The upswing with flexed mpar elenraBod, apll  mpina
shoulders and hips is not as easy to learn as the hyperextension during

upswing with spine hyperextension, but improves upswing.
performance and does not produce back pain.

METHODS

Seven performances of forward giant swing
were filmed during an International competition in
Rome, with a Mekel high speed Super-8 motion
picture camera. The average sampling rate was 23.56
Hertz. For each analyzed frame, 11 landmarks were
digitized (shoulder joint and suprasternal point
were assumed to be coinciding). Quintic spline
functions developed by Wood and Jennings (1979) and
described in detail by Vaughan (1980) were utilized
to smooth the landmark coordinates and calculate
instantaneous velocity of landmarks. Inertial
parameters reported by Clauser et al. (1969) and
adjusted by Hinrichs (1990) were used to calculate
mass and center of mass of each segment. Moment of
inertia data from Whitsett (1963), personalized for Figure 2 - Straddle

each subject using a procedure -described by Dapena ¢learance, and flexed Hhips
and shoulders during upswing.
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(1978), were used to estimate the moment of Lmirila of segments aboub gxes parallal
to the bar and passing through the segment centar of mass. For angular kinsmabicsa,
Lha pogitive dlesction was defined as esuntesclockwisa, and the zero degxee
oplantatlion as the posiklve y direction (handstand position)*® The moment arm of the
waight foroe was mormalleed by expressing it as a proportion of Ehe sublacts’
stature. Angular momentum and moment of im@rtla walues were mormalized by diwidi
by bodq mass ond squared stature of the aubjectsa.

EESULTE W © DISCUESION
A giant awing 1@ a 360
deqxee rotalklam sboub the bar

fln CLhis cams The uppar bag of

Ehe uneven bare), starting and ClisBrancs:
e ing at the handstand 0 Flaxed-hip
positlon above the bar. The ¥ Strackls
gymnast's body behaves 1like a :
compindnd  pienicla s, Em  whileh

friction forcem produced by the

nir and by the kar have a non= .. %
magliqibla chasking effect. .'li'll_Lr_..'_"__.rllf

Because af those [rictianm

forces, 1f the gymnast were a

rigid body, the angular {0

wowenbuw aboub the bar gained 50

during the dounmwing wauld be a .

lost before reaching the fimal ﬁ 45 B0 135 1RO 225 270 als 240
ponikElen. Howevsr, a gymnast is dagreas from handstand

not a rigid body, ond by

proparly changing her actltuda Eéﬂ;r:hgu.:
durlng the eaxerclie she manags

to reach the final position

with a residual positive walua of angular wowenbuu aboub the bar, sometimes larger
than the initlal walu#. Such changes in attitude serve to the f&llowing main
purposes: gain a large amount ©f angular momentum 8boub the bar during the
dewriwing phase, and mirimize the loss of angular momentum during the wpawing. Gain
and loss axe caused respectively by pomitive and megative angular impulses sboub
the bar. Both [rictionm forces and wmight force produce angular impulses. By
changing her attitude, the gymnast i&# able to modulate the angular Ligulass
ag@dciatad with the welght forea W. Changes in the angular impulses produced by
friction forces will not be considered her@in. Being the angular impulse by the
walght equal to W-r-t, and being W constant, the gymnast san only change r (the
average moment arm of W) or t (the duration of the considered phase)*" For example,
the gymnast can increase the positEiwe angular impulse (gain in angular wourenbuw)
during the downswing in two wayni 1j by increasing the dlatance of the CM from the
bar, thus increasing the average moment arm r of the wwight forca, and 2) by
increasing the duration t of the downdikirgg. R longer dewnmwing can be obtained by
keeping high the value of the moment of imwstia saboub the bar (Fig. 3), whlch in
turn reduces the average angular walseity of the mwing. Both the above conditions
oxe woptimally obtained with a stretched layout attitude, with all segments
parfwctly parallel to a radial axis passing through the bar. Unafoptunatély. this
attitude cannot be held throughout the downswing, due to the obstacle represented
by the lawér bar. The opposite conditions should be met during the upswing, when
a somewhat Iluxad or hyperextended attitude i@ required to reduce the negative
angular impulse by the wasight forca. Another method to modulate the anfgular impulas
by wmight is based on trading the remote component of angular momentum for the
lacal component ond wloe=-warsa, oand was described by Hopper (1373, pp,i3=B5 and
104-106) . This method, although used during the analyzed giant wswifgs, did not give
a major contribution to angular wowenbuw changes, and will not be considered in

:I"hﬂ:%uli:u'.'l moment of inertia of the
the Dar.
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detai |l _herein. .

Conparing the flexed-hip

2700, thousandibs of 1/s clearance with the straddle
! g clearance, narked differences
2‘1":“:'i ” o, were detected in the values of
Eiuui p F.:g;"_'_*t-"-i Fhe ~nor mal i zed nmoment of
e, L 3 inertia of the body about the

1800 I"'i?.ﬁﬁr *‘Fﬂa..‘.:‘ % Clearance: upper bar (Fig. 3). In
1500 ;iil-. ‘_;%‘ 3 Flexed-hip part i _cuI ar, t he ) r’lrﬁmanlt of
! A i inertia was renmarkably |arger

1200 e \.‘g o for gymasts using the flexed-
RO L hi p cl earance when their center
a0 of mass passed by and beyond
the | ower bar (fromabout 90 to
3l ¥ 180 degrees). The  maxi mum
o . di fference between group nmeans

0 45 90 135 180 225 270 315 360 was 134=10% units

(adi nensi onal ), when the center
of nmass was at 150 degrees to
=na upper bar. Beyond 180
degrees, and up to the end of
the giant swi ng average val ues
remai ned hi gher for gymasts using fl exed-hip cl earance, which al so hyperextended
the spine during upswing (difference of neans oscillating in the range
31*10%+90*10% units). The "renote conponent” of the noment of inertia (Hopper,
1973) was always nore that 5 tinmes | argerthan the "l ocal conmponent”. The renote
conponent of nonent of inertiais given by the mass of the body times the square
of the distance of its center of mass from the upper bar. The latter distance
depends on t he di st ances of segment centers of nmass fromthe bar. Accordingto data
whi ch is not reported herein, the distance of the center of nmass of the |legs from
the bar was the mamin cause of the large difference in the values of nonent of
inertia fromabout 100 to 180 degrees. Values of r, the noment armof Wabout the
bar, were al so | arger for gymasts using fl exed- hi p cl earance, throughout the gi ant
swi ng (maxi mum difference of nmeans during downswi ng was 6% of stature at 138
degrees, and during upswi ng 8% at 252 degrees). The higher values of nonent of
inertia and wei ght nonent armabout the bar are the reasons why t he gymasts using
the fl exed- hi p cl earance had, on the average, | arger val ues of angul ar nonment um at
the end of the downswing (180 degrees, Tab. 1 and Fig. 4). In fact the difference
at 180 degrees was alnmost twice the initial difference at 30 degrees. At the end
of the upswi ng (360 degrees) the average angul ar nonentum becane slightly smaller
for gymasts using spine hyperextension. It's evident that the latter gymmasts had
a larger | oss of angul ar momentumduri ng t he upswi ng(2.194-. 40d=1.78%s";, while the
other group lost only 1.933-.466=1.467s").

degr ees fiean handstand

Figure 4 - Normalized angular nonmentum of the

body about the bar.

Table 1

Aver age normalized angul ar nmonentum(s") when the body center of mass position is
30, 180, and 360 degrees relative to upper bar. (Goup A: flexed-hip |ower bar
cl earance, and spi ne hyperextension during upswing. G oup B straddl e cl earance,
and fl exed hips and shoul ders during upsw ng).

at 30 degrees at 180 degrees at 360 degrees
Goup A .760 2.194 .409
Group B .621 1.933 .466
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CONCLUSION

Gymnasts typically want t o have some residual angular momentum at the end of
a giant swing, to immediately start a new exercise keeping the same direction of
rotation. Angular momentum is gained during most of the downswing and lost during
the upswing. Gymnasts are free to choose any technique limiting the lossto a value
equal or smaller than the gain. Contrary to the common opinion, during the
downswing the "hip-flexion clearance" produces a larger gain in angular momentum
than the "straddle clearance". Gymnasts using the "hip-flexion clearance" can
afford a larger loss of angular momentum during the upswing. Indeed, the spine
hyperextension performed during the upswing by the latter group of gymnasts is
associated with a larger loss of angular momentum compared to the slight hip and
shoulder flexion used by the other group. The above findings do not support the
common opinion that gymnasts must needs learn the straddle clearance to free
themselves from the slavery of spine hyperextension, although the opposite is not
proved herein. 1t should be pointed out that some gymnasts cannot perform the
straddle clearance due to insufficient active flexibility. Although both lower bar
clearance techniques give gymnasts enough angular momentum to perform'the upswing
without hyperextending the spine, in practice other factors may still force some
gymnasts t o hyperextend, and not only when they perform the flexed-hip clearance.
For example, spine hyperextension may be used by relatively weak gymnasts, to
reduce the intensity of the contraction of the shoulder extensor muscles in the
second half of the upswing, by shortening the moment arm of the bar reaction force
with respect to the shoulders. Dynamometry is needed to investigate this
hypothesis, since torques at the shoulders may not be reliably calculated with the
inverse dynamics approach when the hands are in contact with a fixed external
object. Spine hyperextension might also be explained as a natural reflex induced
by the intense contraction of shoulder extensor muscles during the second half of
the upswing. Last but not least, spine hyperextension may be traditionally linked
with the "flexed-hip clearance"” for simple historical reasons. Hip and shoulder
flexion during the upswing may be made easier by a stronger "leg whipping action"
(Manoni, 1987, pp. 124-127). This action is slightly stronger with straddle
clearance than with flexed-hip clearance. It must be pointed out, however, that
both group of gymnasts flex hips and shoulders in the first half of the upswing,
by about the same angles (hyperextension occurs in the second half). It is
suggested that the spine hyperextension executed at the end of giant swings be
indicated in the International Code of Points as an infraction, and punished with
an appropriate point deduction during competitions. Such rule would undoubtedly
represent an important means for preventing injuries at the spine in gymnastics.
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