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Abstract: There are few studies focused on the leaping skill in rhythmic gymnastic the direction of
biomechanics. Three rhythmic gymnasts were analyzed in order to provide the descriptive data of this
movement. Each student performed 8 trials (4 pre trails and 4 post trails) of total 24 trials. The total of 24 trials
were analyzed by Simi motion analysis system (6 anatomical points on 3 positions:hip, knee and toe). The basic
descriptive parameters and statistical significance of differences between before and after using qualitatively
exercises were determined by using the SPSS 15.0 statistical program for data processing. The results in the
present study showed a significant for each displacement, velocity and angels after using the qualitatively
exercises and this results will support the coaches and teachers in the faculties of sport to improve the
technique of take off and the leaping that allows the athletes to perform the leaping skill at best high level.
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INTRODUCTION Leaps are fundamental human movements that

Rhythmic gymnastics is an artistic sport, performed lower body segment. To make it all more interesting and
with technical apparatus (rope, hoop, ball, clubs and complex,  leap  performance  is  almost  always followed
ribbon).  The  purpose  of  its successful performance is by a requisite manipulation (ball, rope, hoop and ribbon)
to obtain a high score in competition during the performed and  that  manipulation  is  referred  to  requisite  throws
skills. The evaluation of the routines is based on or passing through it. Above the requisites, arm swing
precision, originality, coordination to music and technical and the lower body plays important role, this was reported
difficulties as jumps and leaps, balances, turns, flexibility in certain studies, at least when speaking about vertical
elements and waves. Leaping ability is an essential jump [2].
component in many sports, including rhythmic Biomechanical analysis of rhythmic gymnastics
gymnastics where leap height and reproducibility can technical skills is a new field of Working not often
influence scoring. Various sports can be categorized into explored. Nevertheless, the most part of rhythmic
high,   medium   or   low   leap   demanding   sports. A gymnastic  coaches  have  great  difficulties  to  analyses
high demand  sport  requires that leaping and the ability the   most   common   errors   on   the   execution.  Jumps
to jump is an integral component of the sport. Rhythmic are the technical skills group that rhythmic gymnasts
gymnastic is a high leap demanding sport during flight perform  often  during  their   routines   [3].  The purpose
phase; technical  figures  are performed by the athletes. of  this  study  was to identify the biomechanical
In spite of the growth of popularity of this discipline, indicators of the leap skill for female sport students to
there is a lack of biomechanical analysis in literature improve  the  leaping  ability  in  rhythmic  gymnastics
regarding the techniques of rhythmic gymnastic measured using some qualitatively exercises training. Previous
the floor reaction time, explosive leg power and average studies   on   enhancing   leaping   ability   have  focused
jump height in elite level gymnasts for leap training on  others  field  investigation  [1,  4-8]  but  few  studies
evaluation purposes, but they did not perform any have  focused  on  biomechanical  analysis  to  improve
kinematics evaluation [1]. leap skill.

require complex motor coordination of both upper and
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MATERIALS AND METHODS From standing position running with maximum speed

Three rhythmic gymnast female students from
Faculty of Physical Education at Port Said University,
aged 19.03 ± 0.12 years, 54.67 ± 3.51 Kg weight, 165 ± 0.01
cm height and 20.00 ± 1.29 Kg/m  body mass index,2

participated in this study. The researcher performed the
pre-measures on Saturday 27/2/2010 at 12pm, in the
gymnastics hall of the stadium of Port Said University.
She started by applying the Qualitatively Exercises
Training for a period of (6) weeks at the rate of 3 sessions
per week and for 30 minutes per session. Thus, the
specific exercises totaled 9 hours after sex weeks until
Wednesday 14/4/2010 at 12pm using the experimental
method to determine the improvement in the performance
of leap skill after using some qualitative exercises training
to develop the leap skill.

The  subject  performed  8  trials  leap  skill  of  total
24 trials. The jump performed during the leap skill was
filmed and analyzed (6 anatomical points on 3 positions:
hip, knee and toe using the Simi motion system with one
high speed digital camera (Fastec imaging record up to
250  frames  per second and stop the action) and the
speed of 125 Hz per second was only used. The camera
positioned at the front of players, placed at vertical
position at height of 80 cm and the distance between the
players and the camera was 4.5 meters. The different
kinematics parameters observed were: velocities and
displacement for the 6 anatomical points of hip, knee and
toe at body side right and left. Maximum highest point
from the ground was calculated during the flight phase in
cm. Mean and standard-deviation were used to describe
the data.Qualitatively Exercises Training:

Stand position is opposite the bar and jumping with
both legs and landing.
Stand position is opposite the bar and jumping with
opened legs and landing with two legs together.
Stand position opposite the wall sticks, vertical jump
and try to touch the highest point at the wall.
Stand position beside the bar and swing leg at the
side and respectively.
Stand position beside the bar and swing the free leg
at the side and back respectively.
Front off stand position and try to go down to touch
the back
Hopping running to know the take of feet.
Running quickly as possible from static stand
position then jumping vertically with opened legs
maximally.

and taking off on the trip to jumping maximum
vertically on the horse.

Statistical Analysis: The researcher used the SPSS 15.0
statistical program for data processing.

RESULTS AND DISCUSSION

The results from Tables 1, 2 presented that the
horizontal displacement after the exercises is less than
before exercises and the vertical displacement after
exercises is more than before exercises, horizontal and
vertical velocities after the exercises are more than before
exercises for each of the pelvis and knee. Through these
results it is cleared that during the take off whenever the
vertical displacement increased the horizontal
displacement from center of gravity of the body
decreased. Also whenever the horizontal and vertical
velocities increased, the take off during the leaping skill
succeeds. These results are supported with previous
studies [9- 11].

There  are no significant in Table 3 between the
before  and   after   exercises   in   vertical  displacement
for each  of  the  left  and right toe and the vertical
velocity  for  the  right  toe.  The  researcher  attributed
this to basing the left toe on the ground during the
takeoff.  Also  it  doesn’t   make   any  change in the
vertical displacement and velocity for the right toe
because  during  this moment the right toe is in the
standby state to increase the velocity during the take off
when the body is leaping. These findings are consistent
with previous studies which reported that significantly
greater value of the average  velocity  of the center
gravity was recorded at the moment of the takeoff, but
similar values of the velocity at the moment of the landing
[11, 12].

It is clear from Tables 4, 5 that there was a significant
effect  after  using  the exercises for each of the pelvis and
knee at both sides left and right in each of the  vertical
and horizontal displacement and velocity. The researcher
attributed this to the effect of using the qualitatively
exercises on the distance and height of flying phase
which is an important indicator for the success of the
leaping skill. This is because whenever the body is higher
from the ground, there is a greater opportunity for the
research sample to acquire the proper status to perform
the leaping skill. This result is consistent with the work of
[13].
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Table 1: Before and after exercises mean displacement and velocity for hip during the take off
Before After
------------------------------------------------- -------------------------------------------------

Anatomical points Mean Variance Mean Variance t test
Left hip x -29.06 1.74 -19.12 1.17 0.00**
Left hip y 106.35 1.22 108.97 1.17 0.01**
Left hip v x 2.81 0.19 3.82 0.21 0.00**
Left hip v y 1.74 0.17 2.65 0.10 0.00**
Right hip x -21.15 2.90 -16.71 1.93 0.02*
Right hip y 107.96 1.75 112.93 3.24 0.02*
Right hip v x 3.27 0.29 4.65 0.44 0.00**
Right hip v y 2.70 0.89 4.75 0.17 0.00**
* Correlation is significant at 0.05 level (2-tailed)
** Correlation is significant at 0.01 level (2-tailed)

Table 2: Before and after exercises mean displacement and velocity for knee during the take off
Before After
----------------------------------------------- -----------------------------------------------

Anatomical points Mean Variance Mean Variance t test
Left knee x -6.03 4.10 -21.86 1.15 0.45
Left knee y 71.44 0.83 66.44 3.21 0.01**
Left knee v x 3.35 0.57 4.77 0.07 0.00**
Left knee v y 2.39 0.36 3.70 0.35 0.00**
Right knee x 18.46 2.71 21.77 0.54 0.03*
Right knee y 99.27 2.85 102.96 1.22 0.03*
Right knee v x 2.80 0.19 4.79 0.17 0.00**
Right knee v y 1.73 0.23 2.59 0.13 0.00**
* Correlation is significant at 0.05 level (2-tailed)
** Correlation is significant at 0.01 level (2-tailed)

Table 3: Before and after exercises mean displacement and velocity for toe during the take off
Before After
----------------------------------------------- ------------------------------------------------

Anatomical points Mean Variance Mean Variance t test
Left toe x -51.07 11.65 -15.38 2.60 0.00**
Left toe y 0.17 0.06 0.13 0.07 0.34
Left toe v x 2.09 0.42 4.16 0.72 0.00**
Left toe v y 2.26 0.21 2.86 0.22 0.00**
Right toe x 75.00 6.95 87.89 1.16 0.03*
Right toe y 78.36 7.24 84.93 2.10 0.09
Right toe v x 4.21 0.57 5.53 0.26 0.00**
Right toe v y 1.96 0.66 2.42 0.05 0.16
* Correlation is significant at 0.05 level (2-tailed)
** Correlation is significant at 0.01 level (2-tailed)

Table 4: Before and after exercises mean displacement and velocity for hip during the leaping
Before After
----------------------------------------------- ------------------------------------------------

Anatomical points Mean Variance Mean Variance t test
Left hip x 27.39 6.63 41.95 1.63 0.00**
Left hip y 122.81 1.27 125.48 0.92 0.00**
Left hip v x 3.63 1.01 4.86 0.16 0.03*
Left hip v y 0.50 0.21 2.77 0.92 0.00**
Right hip x 31.33 9.28 47.70 0.96 0.00**
Right hip y 122.16 1.88 125.47 0.88 0.00**
Right hip v x 2.21 0.71 3.50 0.42 0.00**
Right hip v y 1.10 0.80 2.94 0.61 0.00**
* Correlation is significant at 0.05 level (2-tailed)
** Correlation is significant at 0.01 level (2-tailed)
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Table 5: Before and after exercises mean displacement and velocity for knee during the leaping

Before After
----------------------------------------------- ------------------------------------------------

Anatomical points Mean Variance Mean Variance t test

Left knee x 5.71 0.91 7.41 0.05 0.00**
Left knee y 93.52 1.34 95.92 0.61 0.00**
Left knee v x 4.16 0.60 5.49 0.39 0.00**
Left knee v y 0.49 0.24 2.42 0.22 0.00**
Right knee x 65.04 4.15 72.50 0.80 0.00**
Right knee y 95.83 5.92 107.51 0.63 0.00**
Right knee v x 1.71 0.43 2.43 0.41 0.03*
Right knee v y 1.17 0.47 2.62 0.42 0.00**

* Correlation is significant at 0.05 level (2-tailed)
** Correlation is significant at 0.01 level (2-tailed)

Table 6: Before and after exercises mean displacement and velocity for toe during the leaping

Before After
----------------------------------------------- ------------------------------------------------

Anatomical points Mean Variance Mean Variance t test

Left toe x -48.45.000 7.64.000 -64.34.000 2.73.000 0.00**
Left toe y 59.49.000 3.52.000 66.73.000 1.08.000 0.34
Left toe v x 2.73.000 0.16.000 3.18.000 0.29.000 0.00**
Left toe v y 0.56.000 0.41.000 1.64.000 0.39.000 0.00**
Right toe x 117.35.000 3.99.000 125.99.000 0.85.000 0.00**
Right toe y 61.77.000 11.27.00 82.70.000 0.83.000 0.09
Right toe v x 0.57.000 0.64.000 2.38.000 0.53.000 0.00**
Right toe v y 3.473.47 0.370.37 4.484.48 0.440.44 0.16

* Correlation is significant at 0.05 level (2-tailed)
** Correlation is significant at 0.01 level (2-tailed)

Table 7: Before and after exercises mean angle degree during the take off

Before After
------------------------------------------------ -------------------------------------------------

Angles degree Mean Variance Mean Variance t test

Left hip angles 142.86 0.54 173.06 1.74 0.00**
Right hip angles 115.59 1.32 135.43 0.93 0.00**
Left knee angles 123.27 0.67 144.90 0.72 0.00**
Right knee angles 95.82 0.51 135.26 0.50 0.00**
Left ankle angles 118.14 1.04 156.45 2.23 0.00**
Right ankle angles 143.41 0.88 139.11 3.18 0.16

* Correlation is significant at 0.05 level (2-tailed)
** Correlation is significant at 0.01 level (2-tailed)

Table 8: Before and after exercises mean angle degree during the leaping

Before After
------------------------------------------------ -------------------------------------------------

Angles degree Mean Variance Mean Variance t test

Left hip angles 170.50 3.24 159.02 1.34 0.00**
Right hip angles 162.37 1.15 149.93 7.45 0.01**
Left knee angles 122.72 0.43 165.78 1.37 0.00**
Right knee angles 137.59 0.77 180.65 1.23 0.00**
Left ankle angles 155.46 0.63 162.91 2.13 0.00**
Right ankle angles 158.65 1.17 165.82 2.10 0.02**

* Correlation is significant at 0.05 level (2-tailed)
** Correlation is significant at 0.01 level (2-tailed)
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Table 9: Before and after exercises mean of judge degree

Before After
------------------------------------------------ -------------------------------------------------

Degree Mean Variance Mean Variance t test

Judge 4.20 0.84 7.40 0.55 0.00**

* Correlation is significant at 0.05 level (2-tailed)
** Correlation is significant at 0.01 level (2-tailed)

There are significance in Table 6 after using the on specific horizontal velocity at the take off stage, as
qualitative exercises in each of the displacement and these  are  all  factors  to be considered in the technique
velocity for the left and right toe. Despite the impact of of  high  jump  during the leap skill. The horizontal
the used exercises to improve jumping (Tables 4, 5), there velocity  transformation  rate  of  take  off  is  the key to
was still lack of improvement in the angle of the pelvis the improvement of the over all performance and is the
which let the feet of the players appear in the form of an breakthrough point  for  greater  levels  of  skill  in the
inverted letter y.  The  researcher attributed this to that leap event.
the students still in the stage of process of gaining
coordination to teach skill. REFERENCES

There are significance in Table 7 at all angels during
the take off and this improvement is due to the use of 1. Hutchinson,  M.R.,   L.   Tremain,   J.  Christiansen
qualitative exercises on the angel of both left and right and  J. Beitzel,  1998.  Improving leaping ability in
pelvis  where the value of improvement ranged from elite  rhythmic  gymnasts.  Med.  Sci. Sports Exerc.,
142.86 degrees to 173.06 degrees and from 115.59 degrees 30: 1543-1547.
to 135.43degrees, respectively and on the angel of both 2. Ashby, B.M. and J.H. Heegaard, 2002. Role of arm
left and right knees where the value of improvement was motion  in  the  standing  long  jump.   J.  Biomech.,
from 123.27 degrees to 144.90 degrees and from 95.82 35: 1631-1637.
degrees to 135.26 degrees, respectively. These angles are 3. Lebre, E., 1992. The split jump on rtlythmic sportive
very  important to transfer the amount of movement gymnastic. The First International Conference of
during  the take off from the joints knee and ankle bone. Biomechanics in Gymnastics - A simple
It is also cleared from this table significant of the left biomechanical method of evaluation, Koln, Germany.
ankle bone after the exercises because during the build 4. Di  Cagno,  A.,  C.  Baldari,  C.  Battaglia,  P.  Brasili,
process to perform the take off, be the best angel to F. Merni and M. Piazza, 2008. Leaping ability and
maximize the transfer movement at this moment for the body  composition  in  rhythmic   gymnasts   for
simple is 156.45° degrees. talent  identification.  J. Sports Med. Phys. Fitness,

There is significance presented in Table 8 after the 48: 341-346.
qualitative exercises for the angels of left and right pelvis. 5. Di Cagno, A., C. Baldari, C. Battaglia, M.C. Gallotta,
However, this improvement is weak compared to the M. Videira and M. Piazza, 2010. Preexercise static
pelvis angles to the elite players in the study of Sousa stretching effect on leaping performance in elite
and Lebre [11]. The researcher attributed this to the effect rhythmic   gymnasts.    J.    Strength     Cond   Res.,
of using the qualitative exercises on the distance and 24: 1995-2000.
height of flying phase for the sample which gives an 6. Durall,    C.J.,     B.E.   Udermann,     D.R.   Johansen,
advantage to the sample to adjust the knee and ankle B. Gibson,  D.M.  Reineke  and  P.   Reuteman,  2009.
bone angles. There is no surprising that the researcher The effects of preseason trunk muscle training on
found significant in judge degree after using the low-back pain occurrence in women collegiate
qualitative exercises, which led to improvement and gymnasts. J. Strength Cond Res., 23: 86-92.
changing the form of leaping skill during the take off and 7. Fotiadou, E.G., K.H. Neofotistou, M.P. Sidiropoulou,
ability to maximize length and height of jump. This finding V.K. Tsimaras, A.K. Mandroukas and N.A.
is supported by previous studies [9,11, 14-16]. Angelopoulou, 2009. The effect of a rhythmic

The improvement of leaping skill depends on the gymnastics  program  on  the  dynamic  balance
improvement of the horizontal velocity transformation ability of individuals with intellectual disability. J.
rate,  increasing  the  angle  and  vertical velocity based Strength Cond Res., 23: 2102-2106.



World J. Sport Sci., 3 (S): 381-386, 2010

386

8. Guidetti, L., A. Di Cagno, M.C. Gallotta, C. Battaglia, 12. Ciccheela, A., 2009. Kinematics analysis of selected
M.  Piazza  and  C. Baldari, 2009. Precompetition rhytmic gymnastic leaps. J. Human Sport and
warm-up  in elite and subelite rhythmic gymnastics. Exercise, 5: 40-47.
J. Strength Cond Res., 23: 1877-1882. 13. Jastrjembskaia, N. and Y. Titov, 1999. Rhythmic

9. Rutkowska-Kucharska, A., 1998. Take-off structure gymnastics.  Human  Kinetics,  Champaign, Leeds,
and touch down loads during landing in selected pp: 112.
rhythmic sport gymnastics jumps. Paper presented at 14. Tijana,  P.,  B.  Saša,   P.P.   Ru ena,   S.   Ratko  and
the  16  International  Symposium on Biomechanics in B. Radoslav, 2010. Comparative kinematics analysis
Sports, Konstanz, Germany. of different split front leaps. Sport Sci., 3: 13-20.

10. Sousa, F. and E. Lebre, 1996. Biomechanical analysis 15. Aura, O. and J.T. Viitasalo, 1989. Biomechanical
of  two  different jumps in rhythmic sports characteristics of jumping. International J. Sport
gymnastics (rsg). The 14  International Symposium Biomechanics, 5: 89-98.th

on Biomechanics in Sports Funchal, Madeira, 16. Janiak, J., J. Eliasz and J. Gajewski, 1997. Maximal
Portugal. static strength of lower limbs and the parameters of

11. Sousa, F. and E. Lebre, 1998. Biomechanics of jumps the vertical jump. Biology of Sport, 14: 65-69.
in  rhythmic sport gymnastics (rsg) kinematic
analysis of the principal jumps in rsg. The 16th

International  Symposium  on  Biomechanics in
Sports, Konstanz, Germany.


