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Abstract:

Handstand is an exercise that requires upper and lower limb strength to rotate gymnasts
over the hands. The purpose of the study was to examine the effect of a 6-week training
program on temporal parameters during handstand exercise. The study involved 20 non-
competitive female gymnasts who were randomly divided into an experimental group
(EG) and a control group (CG). The intervention program lasted 6 weeks, twice a week,
for 15 minutes each time and included motor skills related to the individual phases of the
specific exercise. Results showed that the EG was statistically significantly superior to the
CG in the time of the push leg to the vertical position. Further, although no statistically
significant difference was found, there was a trend to improve the time of the swing leg
to the vertical and the hand’s push-off. In conclusion, the proposed training program
brings about significant improvement in the temporal parameters of motor skills related
to the practice of handstand.
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1. Introduction
Floor exercises are a complex sport as they harmoniously combine flexibility with

dynamism, expressiveness with strength, courage with self-control, and musicality with
the rthythm of execution (Jurat & Potop, 2018) and require high levels of flexibility,
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strength and harmony in which the natural characteristics of each gender are
emphasized, such as flexibility and grace in female athletes and endurance and strength
in male athletes (Kalinski et al., 2018).

Coordination of movements and assimilation of the technical aspects of the
exercise (Kaufmann et al., 2022) with a specific "position" of the individual parts of the
body (Desai et al., 2019) are crucial for their execution, while the assimilation of auxiliary
exercises related to the individual phases of the exercise plays a major role in learning the
exercises. The handspring is a basic exercise (Stork, 2006) with forward body rotation
(Markovi¢ & Omrcen, 2009), in which practitioners should coordinate the individual
body parts (Desai et al., 2019) with minimal loss of horizontal velocity (Ziv¢ié-Markovié
et al., 2012) where the hand push phase is an important phase (Ziv¢ié et al., 2007) that is
influenced by the position of the CSF in relation to the support surface (Ziv¢ié-Markovié
et al.,, 2012).

A plyometric training program contains specialized exercises depending on the
sport (Wang & Zhang, 2016). In artistic gymnastics (AG), plyometric exercises (PE)
occupy a significant time in the training process of athletes (Marina et al., 2012)
contributing to the increase in strength, speed, endurance (Mirela, 2014), power (Hall et
al., 2016; Mirela, 2014) with a characteristic increase in lower limb strength in young ages
(Branet et al., 2021; Lakshmikrishnan & Sivakumar, 2013; de Villarreal et al., 2010).
However, there is no evidence that these PAs increase upper limb strength and power
(Singla et al., 2018). Athletes can maximize force production (Fischetti et al., 2018; De
Villarreal et al., 2010) and power (Booth & Orr, 2016) by using PA training, which focusses
on the transition from muscle stretching to a rapid or explosive contraction, such as in
specialized repetitive jumps, hops, etc. (Tottori & Fujita, 2019; Wang & Zhang, 2016).
Jumping exercises are an effective way to activate the stretch-shortening cycle (Chaabene
et al.,, 2021; Chelly et al., 2015). The aim of the study was to examine the effect of an
intervention program on improving temporal parameters in handspring on floor
exercises. It was hypothesized that there would be a statistically significant difference in
performance after the 6-week intervention program in the velocity of the accelerated
handstand and hand push-off.

2. Method

2.1 Participants

Twenty female non-competitive female AG athletes, aged 10.3 + 1.45 years, weighing
38.63 + 12.40 kg, standing 138.1 + 8.17 cm and training experience of 25 + 19.22 months,
voluntarily participated in the present study. All participants were healthy and had no
injuries in the last six months. Each subject came to the gym and, after presenting the
written consent form of their guardians, who had been fully informed about the
experimental procedure, had the right to withdraw at any time they wished.
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2.2 Experimental procedure
Three days before the initial measurement, participants came to the gym with their

guardians' consent form to record their somatometric data (height, weight, age). They
were then randomly divided into an experimental (EG) and a control group (CG). Prior

to the

first and final measures, each group engaged in a ten-minute warm-up that

comprised mild stretching, calm jogging, and upper- and lower-extremity muscular
activation activities. The efforts were recorded using a tripod-mounted camera set to take
300 photos per second at a distance of 4.60 meters and perpendicular to the exercise
execution axis. Participants performed a trial attempt before evaluating the variables

under

consideration: the arm push phase and the vertical acceleration.

Arm push phase: Regarding the arm push phase, the participants had to perform
an explosive movement of the upper limbs while supporting the hands on the
ground in order to create a flight phase, until they were supported on the ground
again. Each test subject performed two attempts in each measurement (initial and
tinal). The best attempt was taken into account for the statistical processing.
Swinging to handstand: In this phase, participants performed an accelerated
vertical until the swinging leg reached the mat and the pushing leg followed. The
EG, after the end of their standard training, performed the 6-week intervention
training program, with a frequency of two sessions per week lasting 15 minutes
each time. The intervention program contained exercises: (i) aimed at
strengthening and improving their technical execution in specific positions related
to the exercise of handstand, and (ii) included auxiliary exercises of handstand

(Table 1)

Table 1: Intervention program

1st week 2nd week 3rd week 4t week 5th week 6th week
=] (=1 =]
;| 5| & & &858 |8 |8 |8 |£8|§)¢
o 17y 0 7 7] 7] 7] 7] 17 17 & ® &
2 ° = = = = = = = = =
= \"’~ & b e in © B % & = = a
1 2x5 2x5 [ 2x10 | 2x5 2x5 [ 2x10 | 1x10 | 2x8 [ 2x10 | 2x5 2x5
2 2x5 2x8 2x10 | 2x10 | 2x15 | 1x12 | 2x10 | 2x15 | 2x8 | 2x10
3 2x10 | 2x5 | 2x10 | 4x10 | 2x15 | 3x12 | 2x15 | 3x20 | 3x15|2x15 | 3x15 | 2x15
4 2x5 2x5 2x8 3x8
5 2x10 | 1x10 2x10 2x10 [ 2x10 | 2x10 | 2x10 | 2x5 | 2x10
6 1x4 1x4 2x6 1x6 1x4 2x5 2x8 2x8 2x5 1x4 1x6
Total
ota 44 54 72 76 86 94 | 110 | 118 | 117 | 110 | 85 86
contact

1) Vertical swing with greater level hand support (2040 cm),

2) One-leg leap when the pushing leg is supported at a greater elevation (20 cm),
3) Alternate hip extension from the prone position on the horse,

4) Accelerated handstand,

5) Soft rubber shoulder flexors,
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6) Blocking upper limbs on handstand (or with assistance) from a higher to a lower
level.

2.3 Statistical analysis

Statistical analysis was performed using SPSS version 24 (IBM, New York, NY, USA). The
2x2 ANOVA method was used for statistical analysis to examine the interaction between
group and measurement on the dependent variables. In cases where an interaction
between group and measurement was found, the simple effect was examined using the
Bonferroni correction. In cases where there was no interaction, the main effect on the
dependent variable was examined. The significance level was set at p <.05.

3. Results

No interaction effect was observed between groups (experimental and control) and time
of swing of the leg to the vertical position (F o) = .078, p =.784). However, a statistically
significant main effect was found on time (F 1)=11.064, p =.004). The results are presented

in Figure 4.1. Descriptive statistics of the variables under examination are presented in
Table 2.

Leg swing time
0.4
0.3
0.2

0.1

EG CG

HPRE W POST

Figure 1: Average values of groups before and after the interventional
protocol regarding the time of swing of the leg until the vertical

Table 2: Descriptive statistics (means and standard deviations)
of the groups in the individual measurements of the variables under
examination (standard deviation is indicated in parentheses)

Leg swing time to vertical (sec) | Leg push time to vertical (sec) Hand push time (sec)
Pre Post Pre Post Pre Post
EG 0.308 (0.11) 0.225 (0.05) 0.584 (0.10) 0.382 (0.05) 0.169 (0.07) | 0.148 (0.03)
CG 0.353 (0.14) 0.256 (0.10) 0.408 (0.16) 0.424 (0.10) 0.17 (,03) | 0.162 (0.03)

Results showed a statistically significant interaction effect between groups and time of
the push leg to the vertical (F o) = 5.422, p = .038). Also, a statistically significant main
effect was found on time (F 1) =16.824, p =.001) (Figure 2).
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A statistically significant interaction effect was found between groups and time of the
push leg to the vertical (F o) = 5.422 p = .038). Also, a statistically significant main effect
was found on time (F 1) =16.824, p = .001) (Figure 2).

Push-off leg time to vertical
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0
EG CG

W PRE mPOST

Figure 2: Average values of groups before and after the
interventional protocol regarding the time of the push leg to the vertical

3.1 Hand push-off time

Results did not reveal a statistically significant interaction effect between groups and time
of swing of the leg to the vertical (F 1) =0.011, p = .921). Also, no statistically significant
difference was found in the time factor (F 1) = 0.728, p = .426), nor in the group factor (F ¢
=0.253, p = .633) (Figure 3).

Hand push-off time
0.5
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0.2
0
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B PRE mPOST

Figure 3: Average values of the groups (P.O. - O.E.) before and after the
interventional protocol regarding the time of the push leg to the vertical

The percentage of group differentiation in the examined variables (leg swing time
to vertical, leg push-off time and arm push-off time) are presented in Figure 4.
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Figure 4: Percentage of differentiation of groups in the variables under consideration
4. Discussion

The results showed that the EG was statistically significantly superior to the CG in the
time of pushing leg to the vertical position. Although no statistically significant difference
was found, there was a trend of improvement in the time of the swing of the leg to the
vertical and in the time of the push of the hands. In contrast to the EG, the CG showed a
statistically significant reduction in the time required for the pushing leg to reach the
vertical, while it showed a trend of improvement in the time of the swing of the leg to the
vertical and in the push of the hands. These results, for the hand push, are consistent with
the study by Sayah (2019), but differ in terms of the level of the subjects. The reduced
time shown in our study in the CG can be explained by the technical errors made by the
participants. The small improvement in EG performance in the hand push is consistent
with the review by Singla et al. (2018), which reports that with plyometric training, there
was a small increase in upper limb strength. Regarding vertical support, the results
showed that plyometric training combined with strength training improves lower limb
speed due to the subsequent improvement in the vertical swing time of the leg, a result
that is consistent with the findings of previous studies (Slimani et al., 2016; Vassil &
Bazanovk, 2012).

Based on the results of our research, it appeared that the EG improved during the
time of pushing the leg to the vertical, while there was also a small improvement in the
time of pushing the arms and the time of swinging the leg to the vertical. The CG also
showed a small improvement in the time of pushing the arms and the time of swinging
the leg to the vertical, while the time of pushing the leg to the vertical was also reduced.
The results should be discussed taking into account the following limitations. The
intervention program was implemented in female athletes aged 8-12 years in addition to
the established club training, while the control group implemented only the club training
program.

European Journal of Physical Education and Sport Science - Volume 13 | Issue 3 | 2026 6


about:blank

Ntallas K., Giannousa A., Panagiotakou G., Mellos V.
THE EFFECT OF A 6-WEEK INTERVENTION PROGRAM ON TEMPORAL
PARAMETERS RELATED TO HANDSPRING ON FLOOR EXERCISES

Creative Commons License Statement

This research work is licensed under a Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License. To view a copy of this license, visit
https://creativecommons.org/licenses/by-nc-nd/4.0. To view the complete legal code, visit
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode.en. Under the terms of this

license, members of the community may copy, distribute, and transmit the article,
provided that proper, prominent, and unambiguous attribution is given to the authors,
and the material is not used for commercial purposes or modified in any way. Reuse is
only allowed under the terms of the Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License.

Conflict of Interest Statement
The authors declare no conflicts of interest.

About the Author(s)

Ntallas K., Teacher of Physical Education. MsS.

Giannousa A. S., Teacher of Physical Education.

Panagiotakou G., Teacher of Physical Education.

Mellos V., Permanent Teaching Staff, University of Thessaly, PhD.

References

Booth, M. A, & Orr, R. (2016). Effects of plyometric training on sports performance.
Strength & Conditioning Journal, 38(1), 30-37.
https://doi.org/10.1519/SSC.0000000000000183

Branet, C., Grigoroiu, C., Netolitzchi, M., & Wesselly, T. (2021). The Effect of Plyometric
Training on Lower Body Strength in Preadolescent Athletes. BRAIN. Broad
Research in  Artificial Intelligence and Neuroscience, 11(4Supl), 13-29.
https://doi.org/10.18662/brain/11.4Sup1/153

Chaabene, H., Negra, Y., Moran, J., Prieske, O., Sammoud, S., Ramirez-Campillo, R., &
Granacher, U. (2021). Plyometric training improves not only measures of linear
speed, power, and change-of-direction speed but also repeated sprint ability in
young female handball players. The Journal of Strength & Conditioning Research,
35(8), 2230-2235. https://doi.org/10.1519/js¢.0000000000003128

Chelly, M. S., Hermassi, S., & Shephard, R. J. (2015). Effects of in-season short-term
plyometric training program on sprint and jump performance of young male track
athletes. The Journal of Strength & Conditioning Research, 29(8), 2128-2136.
https://doi.org/10.1519/jsc.0000000000000860

Desai, N., Vance, D. D., Rosenwasser, M. P., & Ahmad, C. S. (2019). Artistic gymnastics
injuries: epidemiology, evaluation, and treatment. Journal of the American Academy
of Orthopaedic Surgeons, 27(13), 459-467. https://doi.org/10.5435/jaaos-d-18-00147

European Journal of Physical Education and Sport Science - Volume 13 | Issue 3 | 2026 7


about:blank
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode.en
https://doi.org/10.1519/SSC.0000000000000183
https://doi.org/10.18662/brain/11.4Sup1/153
https://doi.org/10.1519/jsc.0000000000003128
https://doi.org/10.1519/jsc.0000000000000860
https://doi.org/10.5435/jaaos-d-18-00147

Ntallas K., Giannousa A., Panagiotakou G., Mellos V.
THE EFFECT OF A 6-WEEK INTERVENTION PROGRAM ON TEMPORAL
PARAMETERS RELATED TO HANDSPRING ON FLOOR EXERCISES

De Villarreal, E. S. S., Requena, B., & Newton, R. U. (2010). Does plyometric training
improve strength performance? A meta-analysis. Journal of science and medicine in
sport, 13(5), 513-522. https://doi.org/10.1016/j.jsams.2009.08.005

Fischetti, F., Alessio, V., Cataldi, S., & Greco, G. (2018). Effects of plyometric training
program on speed and explosive strength of lower limbs in young athletes. Journal
of physical education and sport, 18(4), 2476-2482. Retrieved from
https://efsupit.ro/images/stories/decembrie2018/Art%20372.pdf

Hall, E., Bishop, D. C., & Gee, T. I. (2016). Effect of plyometric training on handspring
vault performance and functional power in youth female gymnasts. PloS one, 11(2).
https://doi.org/10.1371/journal.pone.0148790

Jurat, V., & Potop, L. (2018). Study on the basic technical training on the floor to 9- year-
old gimnasts. Stiinta Culturii Fizice, 3(32), 62-69.

Kalinski, S. D., Atikovi¢, A., & Jelaska, I. (2018). Gender differences in consecutive
participation in artistic gymnastics at the Olympic Games from 1996 to 2016.
Science  of  Gymnastics  Journal,  10(1),  51-67.  Retrieved  from
https://www.researchgate.net/publication/323676362 Gender differences in con
secutive participation in artistic gymnastics at the olympic games from 199
6 _to 2016

Kaufmann, S., Ziegler, M., Werner, J., Noe, C., Latzel, R., Witzany, S., Beneke, R., & Hoos,
O. (2022). Energetics of floor gymnastics: aerobic and anaerobic share in male and
female  sub-elite = gymnasts. Sports ~ Medicine-Open,  8(3), 1-10.
https://doi.org/10.1186/s40798-021-00396-6

Lakshmikrishnan, R., & Sivakumar, K. (2013). Effect of Weight Training and Plyometric
Training on Strength Endurance and Leg Strength. International Journal of Health,
Physical Education and Computer Science in Sports, 11(1), 152-153.

Markovié, K. Z., & Omré&en, D. (2009). The analysis of the influence of teaching methods
on the acquisition of the landing phase in forward handspring. Science of
Gymnastics Journal, 1(1), 21-30. Retrieved from
https://www.researchgate.net/publication/266272304 The analysis of the influe
nce of teaching methods on the acquisition of the landing phase in forwar
d handspring

Marina, M., Jemni, M., Rodriguez, F. A. & Jimenez, A. (2012). Plyometric jumping
performances of male and female gymnasts from different heights. The Journal of
Strength & Conditioning  Research, 26(7), 1879-1886. Retrieved from
https://doi.org/10.1519/jsc.0b013e31823b4bb8

Mirela, D., Raducu, P., Antoanela, O., Carmen, T., & Laura, G. (2014). Plyometric
exercises to improve explosive power in artistic gymnastics. Ovidius University
Annals, Series Physical Education & Sport/Science, Movement & Health, 14(2), 381-
386. Retrieved from https://analefefs.ro/anale-fefs/2014/i2 supp/pe-autori/7.pdf

Singla, D., Hussain, M. E., & Moiz, J. A. (2018). Effect of upper body plyometric training
on physical performance in healthy individuals: a systematic review. Physical
Therapy in Sport, 29, 51-60. https://doi.org/10.1016/j.ptsp.2017.11.005

European Journal of Physical Education and Sport Science - Volume 13 | Issue 3 | 2026 8


about:blank
https://doi.org/10.1016/j.jsams.2009.08.005
https://efsupit.ro/images/stories/decembrie2018/Art%20372.pdf
https://doi.org/10.1371/journal.pone.0148790
https://www.researchgate.net/publication/323676362_Gender_differences_in_consecutive_participation_in_artistic_gymnastics_at_the_olympic_games_from_1996_to_2016
https://www.researchgate.net/publication/323676362_Gender_differences_in_consecutive_participation_in_artistic_gymnastics_at_the_olympic_games_from_1996_to_2016
https://www.researchgate.net/publication/323676362_Gender_differences_in_consecutive_participation_in_artistic_gymnastics_at_the_olympic_games_from_1996_to_2016
https://doi.org/10.1186/s40798-021-00396-6
https://www.researchgate.net/publication/266272304_The_analysis_of_the_influence_of_teaching_methods_on_the_acquisition_of_the_landing_phase_in_forward_handspring
https://www.researchgate.net/publication/266272304_The_analysis_of_the_influence_of_teaching_methods_on_the_acquisition_of_the_landing_phase_in_forward_handspring
https://www.researchgate.net/publication/266272304_The_analysis_of_the_influence_of_teaching_methods_on_the_acquisition_of_the_landing_phase_in_forward_handspring
https://doi.org/10.1519/jsc.0b013e31823b4bb8
https://analefefs.ro/anale-fefs/2014/i2_supp/pe-autori/7.pdf
https://doi.org/10.1016/j.ptsp.2017.11.005

Ntallas K., Giannousa A., Panagiotakou G., Mellos V.
THE EFFECT OF A 6-WEEK INTERVENTION PROGRAM ON TEMPORAL
PARAMETERS RELATED TO HANDSPRING ON FLOOR EXERCISES

Slimani, M., Chamari, K., Miarka, B., Del Vecchio, F. B., & Cheour, F. (2016). Effects of
plyometric training on physical fitness in team sport athletes: a systematic review.
Journal of human kinetics, 53, 231. Retrieved from
https://pmc.ncbi.nlm.nih.gov/articles/PMC5260592/

Tottori, N., & Fujita, S. (2019). Effects of plyometric training on sprint running
performance in  boys aged 9-12  years. Sports,  7(10),  219.
https://doi.org/10.3390/sports7100219

Vassil, K., & Bazanovk, B. (2012). The effect of plyometric training program on young
volleyball players in their usual training period. Journal of Human Sport and
Exercise, 7(1), S34-540. https://doi.org/10.4100/jhse.2012.7.Procl.05

Wang, Y. C, & Zhang, N. (2016). Effects of plyometric training on soccer players.
Experimental and therapeutic medicine, 12(2), 550-554.
https://doi.org/10.3892/etm.2016.3419

Zivéié K, Furjan-Mandi¢, G., & Horvatin-Fuckar, M. (2007). The kinematic model of the
bounce-off phase in some acrobatic elements with forward body rotation. Facta
Universitatis: Series Physical Education & Sport, 5(1), 9-18. Retrieved from
http://facta.junis.ni.ac.rs/pe/pe200701/pe200701-02.pdf

Zivé&ié-Markovié, K., Sporis, G., Cavar, 1., Aleksié-Veljkovi¢, A., & Milanovié, Z. (2012).
Biomechanical evaluation of exercises for performing a forward handspring-Case
study.  Journal of Human  Kinetics, 34, 21-32. Retrieved from
https://pmec.ncbi.nlm.nih.gov/articles/PMC3590826/

European Journal of Physical Education and Sport Science - Volume 13 | Issue 3 | 2026 9


about:blank
https://pmc.ncbi.nlm.nih.gov/articles/PMC5260592/
https://doi.org/10.3390/sports7100219
https://doi.org/10.4100/jhse.2012.7.Proc1.05
https://doi.org/10.3892/etm.2016.3419
http://facta.junis.ni.ac.rs/pe/pe200701/pe200701-02.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC3590826/

