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Abstract

Background: Artistic gymnastics (AG) and rhythmic gymnastics (RG) are sports characterized by rapid contraction of muscles in the
lower limbs while performing skills, requiring a high level of physical fitness. Agility, strength and balance are some of the basic abili-
ties for successful performance. Objective: The purpose of the study was to examine the effect of a 6-week plyometric training on
agility, jump height, and dynamic balance in young artistic and rhythmic gymnasts. Methods: Forty-eight young female gymnasts,
aged 9 to 11, participated in the study. They were divided into two equal groups, experimental (EG) and control (CG). The EG partici-
pated in a 6-week plyometric training (PT) in addition to a conventional training program. Results: A 2 (sport) x 2 (group) x 2 (time)
analysis of variance was used to examine the effects and their interactions for sport (RG x AG), group (EG x CG) and time (pre x post)
on the dependent variables for agility, jump height, and dynamic balance. Statistical analysis showed a significant group effect of
time and significant group x time interaction for all dependent variables. Conclusions: Results revealed that 9—11-year-old female
artistic and rhythmic gymnasts may be greatly benefited by PT. In fact, it appears that traditional gymnastics training completed with
a supervised and well-designed PT protocol may lead to improving motor abilities directly related to the performance of routines in
female gymnasts in RG and AG compared to gymnastic practice alone in this age group.
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Introduction

Artistic gymnastics (AG) in many cases is characterized by
rapid muscle contractions, combined with the balance and
agility of muscles in the lower limbs during performance of
acrobatic elements. Rhythmic gymnastics (RG) is charac-
terized by high demands on coordination, agility, jumping,
balance and interaction between body and apparatus. Agil-
ity is demonstrated when performing floor exercises, par-
ticularly by female gymnasts, when they alter the direction
of their body’s movement on the floor space paired with
music. Both sports require a high level of physical fitness
and mastery of skills to succeed (Bradshaw & Le Rossignol,
2004; Daly et al., 2001; Lindner et al., 1991). Previous
studies indicate that there are differences between high and
non-high-level gymnasts in jumping ability (Batista et al.,
2017). Another study revealed that 4-8 weeks of plyomet-
ric training (PT) improve jump performance (Bogdanis et
al., 2019; Marina & Jemni, 2014; Nitzsche et al., 2022).
PT improves athletes’ explosive strength and jumping
ability, enhancing muscle force and power production
through the stretch-shortening cycle (SSC) of the muscle
unit (Fatouros et al., 2000) and change of direction (CoD)
ability (Asadi et al., 2017). The SSC is characterized by a

rapid transition between the initial eccentric “stretch” and

subsequent concentric “recoil” (Komi, 2000; Marina &
Jemni, 2014). The SSC entails the storage of elastic energy
during the initial stretch, which contributes to the poten-
tiation of force during the subsequent shortening of the
muscle (Komi, 2003).

In AG and RG athletes move rapidly in different
directions in the space performing a variety of dance and
choreographic movements, an ability known as agility,
which is marked by rapid CoD in response to a stimulus
(Sheppard & Young, 2006) and refers to a movement
where is preplanned to be performed and is influenced by
physical parameters such as strength, power and speed (Yap
& Brown, 2000). This ability is dependent on several fac-
tors and inputs including physical, cognitive, and techni-
cal elements (Sheppard & Young, 2006). As Spiteri et al.
(2014, p. 2415) stated, “an athlete’s ability to shift their
momentum during directional changes requires sufficient
eccentric (braking), isometric (plant phase), and concentric
(propulsive) strength to rapidly decelerate and reaccelerate
in the new direction”.

PT is a recognized training method that improves per-
formance in sports where explosive strength and power are
expressed (Dallas et al., 2018, 2023; Markovic et al., 2007;
Miller et al., 2000).
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Different training methods, such as resistance train-
ing, or PT, as well as a combination of PT and resistance
training, have been applied to examine their effect on CoD
(Arazi et al., 2014; Faigenbaum et al., 2007). Previous stud-
ies have suggested that PT is a safe and effective method for
improving physical abilities in young athletes (Dallas et al.,
2020; Lloyd et al., 2011).

According to Malina et al. (2004), motor performance
increases until the age of 13 or 14 in gitls, but after that,
there is only slight improvement. Further, youths between
10 and 11 years of age showed accelerated SSC develop-
ment, a phenomenon that continued near the time of peak
height velocity (Lloyd et al., 2011).

In floor event, gymnasts move at velocity while simul-
taneously changing direction within the space. For this
reason, the improvement of dynamic balance, which is not
fully mature and in a maturation stage (Payne & Isaacs,
2005), should be a key component in training programs
for young athletes aimed at improving athletic performance
and subsequent their development at a high level (Lloyd et
al., 2015). Effective performance of agility presupposes a
satisfactory level of dynamic balance, which should com-
pensate and adapt as the practitioner’s rapid CoD could
repeatedly shift the center of gravity off the base of support
(Kibele et al., 2015). According to previous studies, agil-
ity training is considered to be an enhancement of motor
programming through neuromuscular conditioning and
neural adaptation of muscle spindles, Golgi tendon organs,
and joint proprioceptors (Craig, 2004). So, agility training,
balance training and PT are the main elements of the model
proposed by Granacher et al. (2016) in the training process
during long-term athlete development. Further, greater
enhancements in agility are seen using PT with a horizon-
tal component (Salonikidis & Zafeiridis, 2008), whereas
greater jump height can be achieved with both horizontal
and vertical components (King & Cipriani, 2010).

Although PT is applied in almost all sports to improve
performance parameters, little attention was paid to
determining if PT actually enhances agility, strength and
dynamic balance in young female gymnasts. Therefore,
the purpose of the present study was to examine the effect
of 6-week PT on the aforementioned variables in young
artistic and rhythmic gymnasts. The research hypothesis
was that the intervention/experimental group (EG) in both
sports would outperform the control group (CG).

Table 1 A 6-week intervention plyometric training program
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Methods

Participants

A total of 48 female gymnasts aged 9 to 11 years, with no
musculoskeletal injuries in the previous 6 months, partici-
pated in the study. The study involved club athletes from
two sports, AG and RG. Therefore, it was known to the
researchers which sport each athlete belonged to. Based
on their age category, each gymnast participated in their
nation’s official competition responsibilities (compulsory
routines) and was enrolled in the Federation’s sports reg-
ister. The gymnasts were divided into two groups: EG
(n = 24) and CG (n = 24). Half of the gymnasts from each
group were artistic gymnasts and the other half were rhyth-
mic gymnasts. The mean age of groups was 10.63 + 1.31
and 10.63 + 1.21 years, body height 1.44 + 0.10 and
1.45 + 0.11 m, body mass 35.82 + 6.82and 39.75 + 10.25
kg, with a mean training experience 4.42 + 1.35 and
4.50 + 1.41 years for EG and CG, respectively.

Ethical approval

The research related to human use has complied with all the
relevant national regulations and institutional policies, has
followed the tenets of the Declaration of Helsinki, and has
been approved by the Ethics committee of the Faculty of
Physical Education and Sport Science, of the National and
Kapodistrian University of Athens (1376/20-04-2022).
Prior to the study, procedures and guidelines were pre-
sented orally and in written form. All participants’ parents
gave written informed consent before participating in any
of the testing. The participants were informed extensively
about the experiment procedures and the possible risks or
benefits of the project.

Training programme

The EG participated in a 6-week PT in addition to the
traditional training program in order to determine whether
can directly affect agility, jump height and dynamic balance
(Table 1). Both the rest between sets and between exercises
lasted thirty seconds. The gymnasts took a 72-hr rest in
between each of their two weekly training sessions. This
intervention period was chosen considering that physiologi-
cally and psychologically is the optimal length of time for the
central nervous system to be stressed without excessive strain
or fatigue (Adams et al., 1992). PT volume is typically quan-
tified as the number of foot contacts per session. During the
training period, all participants were under direct supervi-
sion and were instructed on how to perform each exercise.

1st week 2nd week 3rd week 4th week 5th week 6th week

Training unit 1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th 12th
Double tuck jumps 2x6 2x8 2x10 2x12 3x10 3x12 1x10 3x10 2x10
Counter drop jump 2x8 2x8 2x10 3x8 3x10 1x10 3x12 2x10
Lateral hops 3x8 3x10 3x12 3x12 3x15 1x8 3x15 2x10 1x20
Single leg bench jump (for each leg) 2x6 2x8 2x8 2x8 1x8 2x8 2x10
Single lateral jumps 3x8 3x8 3x10 2x12 1x12 2x12 2x12 3x12
Alternating lunges 2x6 1x8 2x8 2x8 2x8 2x8 2x10 2x8 2x8 2x10
Total contacts 52 56 64 70 76 86 90 101 114 121 126 136
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Testing procedure

Agility was determined with the T-test, which is a simple fit-
ness test measuring how quickly a direction can be changed
accurately. The score was recorded to the nearest 0.01 s.

Squat jump height (Bosco et al., 1983) was obtained
with the Chronojump 2.3.0-1607 mat (Chronojump-
Boscosystem, Barcelona, Spain), calculated from flight
time duration. Fach participant performed two trials with
a 1-min rest interval and the best trial was used for statisti-
cal analysis.

Dynamic balance was measured using the Y-Balance
Test, which is a variant of the Star Excursion Balance Test
(Butler et al., 2013). After the leg length was measured
from the greater trochanter to the outer malleus), the ath-
letes performed three test attempts on each leg separately.
The best score was used for further statistical analysis.

The same procedure was repeated immediately after the
end of the intervention program.

Statistical analysis

The statistical analysis was done with IBM SPSS Statis-
tics for Windows (Version 24; IBM, Armonk, NY, USA).
To analyze the data, the 2 (sport) x 2 (group) x 2 (time)
ANOVA method was used to examine the effects and their
interactions for the factors: sport (RG x AG), group (EG
x CG) and time (pre x post) on the dependent variables
(agility, jump height, dynamic balance). Normality of the
data was checked and subsequently confirmed using the
Kolmogorov-Smirnov test. If significant main effects or
interactions were present, the Tukey HSD post hoc test was
used to identify specific differences. The level of signifi-
cance was set at p < .05.

Results

Agility

Descriptive statistics are presented in Table 2. No signifi-
cant interaction effect between the three factors (sport x
group x time) on agility was found. However, a significant
interaction effect was found between groups (EG x CG)
x time (pre x post), F(2) = 34.02, p < .001. A significant
main effect was found of time (#(1) = 81.52, p < .001),
but not of group (H(1) = 1.23, p = .274). Accordingly,
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the interaction was examined and the Tukey post hoc test
showed significant differences between post-measurements

(p = .001).

Jump height

Descriptive statistics are presented in Table 2. No significant
interaction effect between the three factors (sport x group
x time) on jump height was found. However, a significant
interaction effect was found in group (EG x CG) x time
(pre x post), F(2) = 25.25, p < .001. Also, a significant
main effect was found in time (H(1) = 36.52, p < .001),
but not in group (F(1) = 0.636, p = .430). Accordingly,
the interaction was examined and the Tukey post hoc test
showed significant differences between post-measurements
(p < .001).

Dynamic balance

Descriptive statistics are presented in Table 2. According to
the results, there was no statistically significant interaction
between the three factors (sport x group x time) of dynamic
balance (F(2) = 2.04, p = .161) However, a significant
interaction was found of group x time (F (1) = 28.09,
2 < .001). Also, a significant main effect was found in time
(F(1) = 51.88, p < .001). Accordingly, the interaction was
examined and the Tukey post hoc test showed significant
differences between the post-measurements (p < .001).

Discussion

The effect of six weeks of PT, in addition to regular gym-
nastics training, on agility, jump height and dynamic bal-
ance was examined in young artistic and rhythmic gym-
nasts using a repeated measures design. The main findings
of this study were that artistic and rhythmic gymnasts may
benefit from a 6-week PT that is integrated with their usual
gymnastics practice by improving the examined variables.
More precisely, our findings showed that including an
integrated functional PT into routine AG and RG train-
ing resulted in a better degree of progress than they would
obtain from purely gymnastic-specific training confirming
our initial hypothesis that the interventional PT would out-
perform the conventional training program and result in
even greater improvement.

Table 2 Means, standard deviations, and the effect of group x time interaction for agility, jump height, and dynamic balance

Test/Sport Experimental group Control group Group x time
interaction
Pre Post Pre Post
M sD M sD M sD M SD F(1,44) n2
Agility T-test (s)
RG 14.61 0.67 1431 0.70 14.52 0.50 14.44 0.50
34.02* 43
AG 14.64 0.40 14.16% 0.34 14.76 0.47 14.68 0.47
Jump height (cm)
RG 19.98 2.01 20.75* 2.30 19.86 0.80 19.87 0.80
25.25* .36
AG 19.35 1.27 20.50" 1.24 19.57 1.89 19.75 2.52
Y-Balance Test (% leg length)
RG 92.85 431 96.25 6.80 93.44 5.00 94.17 4.50
28.09* .39
AG 89.71 6.57 95.52" 8.08 90.44 5.02 91.14 5.51

Note. RG = rhythmic gymnastics; AG = artistic gymnastics. *statistically significant difference between pre and post values (p < .05). *statistically significant effect (p < .05)
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Results showed that a statistically significant interac-
tion effect was found between group (EG x CG) x time
(pre x post) in agility. More specifically, although a non-
significant improvement was revealed in both groups on
post-measure (p < .05), the percentage improvement was
higher on EG (2.09% and 3.35% in RG and AG, respec-
tively) compared to CG (0.58% and 0.56% in AG and
RG, respectively). This improvement (2.09% and 3.35%)
indicates that the PT improved the performance either due
to enhanced unit recruitment patterns (Potteiger et al.,
1999) or due to neural adaptations (Adams et al., 1992).
Furthermore, the improvements in EG were higher than
those in CG, suggesting that the training effect is respon-
sible for the CG improvement trend. Moreover, it is infe-
rior to the 4.86% improvement of Miller et al. (2006) who
examined untrained adults with the Illinois agility test. Our
results align with earlier research by Bogdanis et al. (2019),
who discovered that an 8-week supplemental PT program
increased CoD and jumping ability in young female gym-
nasts, reinforcing findings by Miller et al. (2006) who
state that a 6-week program significantly improved agil-
ity on healthy subjects. The physiological adjustments
of neuromuscular function to PT include altered muscle
activation methods associated with the SSC and enhanced
neural drive to agonist muscles, as shown by Markovic and
Mikulic (2010). Agility performance, which represents a
wide variety of neuromuscular and locomotor abilities, is
greatly influenced by factors including speed, concentric
and eccentric muscle contraction, dynamic balance, and
whole-body synchronization (Brughelli et al., 2008; Hader
etal., 2015; Spiteri et al., 2014). Further, although it seems
that the ability to accelerate, decelerate, and CoD is devel-
oped at later stages of maturation, our results revealed that
agility can be improved following PT in young artistic and
rhythmic gymnasts, possibly due to an increase in eccentric
strength, which is a major determinant of agility perfor-
mance (Jones et al., 2009; Spiteri et al., 2014).

A statistically significant interaction effect between
group (EG x CG) vs time (pre x post) was observed in rela-
tion to the jump height findings. Even though there was
no evidence of a group effect, the percentage improvement
was higher in EG (3.82% and 5.96% RG and AG, respec-
tively) compared to CG (0.01% and 0.87% in RG and AG,
respectively). The study’s findings are consistent with other
research showing that female athletes from Gymnastics
for All (Bogdanis et al., 2019) showed improvements in
jumping ability following an 8-week PT. In addition, our
results revealed that PT caused an enhancement in squat
jump in young gymnasts regardless of the fact that their
neuromuscular system has not yet completely matured
(Smits-Engelsman et al., 2003) and their elastic tissue is
more compliant (Kubo et al., 1999) than the adults. In
addition, our results verify previous findings that examined
the effect of a 6-week PT and found an increment in jump
height of the drop jump in young female rhythmic gym-
nasts (Nitzsche et al., 2022).

A statistically significant interaction effect was discov-
ered between group x time and the dynamic balance out-
comes. More specifically, the percentage improvement on

Acta Gymnica, 2025, 55, €2025.002

EG was higher in AG (6.47%) and RG (3.95%) compared
to CG (0.78% and 0.79%, in AG and RG, respectively). A
systematic review revealed no significant improvements in
dynamic balance after applying PT (Clemente et al., 2022).
More specifically, results showed no significant differ-
ences between PT and active controls in dynamic anterior,
postero-medial, or postero-lateral balance for both left and
right legs (p > .05). Additionally, no significant differences
were found between PT and active controls in terms of static
balance (p < .05). However, our results are in agreement
with Kanbak and Daglioglu (2020) who revealed benefits
of PT in team sports, confirming findings who support that
the age of participants may affect the outcome of PT. The
relationship between PT and balance has been attributed
to the development of neuromuscular adaptability (Asadi
& Arazi, 2012). Discrepancies between studies in balance
may be attributed to differences in intensity of training,
number of contacts, plyometric drills, methods of assess-
ment of dynamic balance, sex, age, and years of experience
of the sample population. In general, results revealed that
9—11-year-old female artistic and rhythmic gymnasts may
be greatly benefited by PT. In fact, it appears that when
traditional gymnastics training is completed with a super-
vised and well-designed PT protocol it may lead to greater
performance gains than gymnastic practice alone in this age
group. However, this study has some limitations. Despite
the trend of improvement in the examined variables of EG
on both sports, the 6-week training period may be consid-
ered too short to induce significant differences in these vari-
ables in young artistic and rhythmic gymnasts. Therefore,
further studies considering longer training interventions are
needed to examine longer-term PT in similar populations.
It should be noted that during the intervention period, no
injuries were observed, and thus, PT may be considered
safe for young female gymnasts, under the condition that
the difficulty progression guidelines are followed.

Conclusions

A customized 6-week plyometric training program can
result in a notable enhancement of performance-related
variables associated with artistic and rhythmic gymnasts,
including agility, jump height and dynamic balance. These
skills which are basic in the exercise program of AG and RG
female athletes, must be practiced through special train-
ing programs so that a greater percentage of improvement
occurs than in the traditional training program applied.
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