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The relationship between physical condition and achievement rankings of East Java gymnastics athletes
La relacion entre la condicion fisica y las clasificaciones de logros de los atletas de gimnasia de Java
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Abstract. This research aims to analyze the relationship between the components of physical condition and the ranking of East Java (Indo-
nesia) gymnastics athletes. This research was a cross-sectional study involving 14 gymnastics athletes at the National Sports Committee of
Indonesia (KONI) regional training center in East Java Province (Indonesia), male (6 athletes) and female (8 athletes), aged 15-25 years.
Data collection is carried out by measuring components of physical condition, which include strength, VO,max, speed, power, agility,
flexibility, and balance, which are measured at one time. Meanwhile, the score calculation for ranking athletes is based on the medals won
by each athlete. The correlation test uses the Pearson product-moment model with a significance level of 5%. The results showed that there
was a strong relationship between the components of physical condition and the ranking of East Java (Indonesia) gymnastics athletes (p <
0.05). Based on the research results, it can be concluded that physical conditions including strength, VO,max, speed, power, agility, flexibil-
ity, and balance strongly correlate with the performance rankings of East Java (Indonesia) gymnastics athletes.

Keywords: Components of physical condition, athlete performance, gymnasts.

Resumen: Esta investigacion tiene como objetivo analizar la relacion entre los componentes de la condicion fisica y el ranking de los atletas
de gimnasia de Java Oriental (Indonesia). Esta investigacion fue un estudio transversal que involucré6 a 14 atletas de gimnasia en el centro de
entrenamiento regional del Comité Nacional de Deportes de Indonesia (KONI) en la provincia de Java Oriental (Indonesia), hombres (6
atletas) y mujeres (8 atletas), con edades entre 15y 25 afos. . La recopilacion de datos se lleva a cabo midiendo componentes de la condicion
fisica, que incluyen fuerza, VO 2max, velocidad, potencia, agilidad, flexibilidad y equilibrio, que se miden al mismo tiempo. Mientras tanto,
el calculo de la puntuacion para la clasificacion de los atletas se basa en las medallas ganadas por cada atleta. La prueba de correlacion utiliza
el modelo producto-momento de Pearson con un nivel de significancia del 5%. Los resultados mostraron que habia una fuerte relacion entre
los componentes de la condicion fisica y la clasificacion de los atletas de gimnasia de Java Oriental (Indonesia) (p < 0,05). Con base en los
resultados de la investigacion, se puede concluir que las condiciones fisicas, incluidas la fuerza, el VO2max, la velocidad, la potencia, la
agilidad, la flexibilidad y el equilibrio, se correlacionan fuertemente con las clasificaciones de rendimiento de los atletas de gimnasia de Java

Oriental (Indonesia).
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Introduction

The realm of gymnastics, with its captivating blend of art-
istry and athleticism, is a testament to human physical poten-
tial. This study begins a focused analytical journey to examine
the key factors contributing to gymnasts' success in East Java,
Indonesia. More than mere observation, this research seeks to
distill the core elements that drive excellence in this demand-
ing sport (Kogoya et al., 2022).

Gymnastics is a multifaceted discipline, comprising dis-
tinct branches—artistic, rhythmic, and trampoline gymnas-
tics—each with its unique set of physical and technical de-
mands. Artistic gymnastics requires explosive power and pre-
cise coordination, rhythmic gymnastics emphasizes grace and
flexibility, while trampoline gymnastics demands acute spatial
awareness and dynamic control (Setiawan et al., 2019). Each
of these branches calls for the mastery of different physical and
mental attributes, highlighting the diverse range of capabilities
gymnasts must develop to succeed.

The National Sports Committee of Indonesia (KONI) of
East Java Province has recognized the importance of nurturing
gymnastic talent. To this end, KONT has established regional
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training centers (Puslatda) to prepare athletes for high-level
competitions such as the National Sports Event (PON) and
National Championships. However, the athlete selection pro-
cess for these centers has been hindered by systemic chal-
lenges, including limited financial resources and a lack of ob-
jective, standardized selection criteria. This has introduced bi-
ases, conflicts, and subjectivity into the recruitment process,
undermining the fairness and transparency essential to athlete
development (Seran et al., 2020).

In response to these challenges, this study aims to propose
a clear, structured, and scientific approach to the selection and
development of gymnasts in East Java. The goal is to establish
a transparent, accountable framework that ensures objectivity
and eliminates the influence of personal biases in athlete re-
cruitment. By incorporating insights from international re-
search and adopting best practices, this study secks to develop
a selection model that is based on measurable, observable, and
replicable criteria. This new model is intended to promote a
sustainable, merit-based approach to sports development that
can withstand scrutiny and produce consistently fair outcomes

(Aldapit etal., 2023).
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This study aims to analyze the relationship between vari-
ous physical condition components—strength, VO,max,
speed, power, agility, flexibility, and balance—and the com-
petitive rankings of gymnasts in East Java, Indonesia. The study
involves both male and female gymnasts from the KONI re-
gional training center in East Java. Using the Pearson product-
moment correlation test, this research assesses the strength of
the relationship between the athletes' physical conditions and
their rankings, which are based on the number of medals won.
This approach aims to provide deeper insights into the physi-
cal factors influencing the success of gymnasts in competitive

scttings.
Material and Methods

Study design, population and sample

This study used an analytical observational method with a
design cross-sectional study involving 14 gymnastics athletes
at the KONI regional training center in East Java Province
(Indonesia), male (6 athletes) and female (8 athletes), aged 15-
25 years, at least have participated in a provincial level
championship, and been a professional athlete for more than
5 years. The population and sample used in this research were

athletes undergoing training camps in East Java. The sampling
technique in this research used purposive sampling. Data
collection was carried out after obtaining approval from
parents by filling out and signing informed consent which was
carried out in a conscious state. Before participating in the
research, all subjects were also explained about the aims,
benefits and procedures of this research both orally and in
writing.

Data collection

Data collection was carried out by measuring components
of physical condition which include strength, VO,max, speed,
power, agility, flexibility and balance which are measured at
one time (morning) for one week. The instruments used to
measure physical condition components can be seen in Table
1 below. Determination of the medal of score for each levels
was based on the results of the Focus Group Discussion (FGD)
of gymnastics coaches throughout East Java (Indonesia), while
the calculation of the athlete ranking score was based on the
medals obtained by each athlete which are presented in Table
2. Certificates or medals obtained for ranking for a maximum
of the last 2 years.

Table 1.
Physical condition component instrument
No Components of Physical Condition Instrument References
1 Leg Strength (kg) Back and Leg Dynamometer Test Putera etal., 2023
2 Upper Strength Endurance Push (times) Push Up Fitness Test (60 s) Hassan, 2018
3 Upper Strength Endurance Pull (times) Pull-Up Test (60 s) Coyne et al., 2015
4 Abs Strength Endurance (m) Sit Up Test (60 s) Bianco et al., 2015
5 Back Strength Endurance (times) Back Up Test (60 s) Kim et al., 2023
6 VO,max (mL/kg/min) Multistage 20-m Shuttle Run Test Magee etal., 2021
7 Speed (s) 20m Sprint Test Sinclair et al., 2021
8 Reaction Time (cm) Ruler drop test Del Rossi etal., 2014
9 Lower Body Power (cm) Jump MD test Putera et al., 2023

10 Upper Body Power (cm) Seated Medicine Ball "Power" Throw (3 kg) test Harris et al., 2011
11 Abs Power (cm) Lying Medicine Ball Throw (3kg) test Barbosa et al., 2024
12 Agility (s) Square Jump Jakiwa etal., 2023
13 Flexibility (cm) Sit and Reach Test Mayorga-Vega et al., 2014
14 R Flex Shoulder Right (c
X — oulder Right (cm) Shoulder Reach Flexibility Test Vernetta et al., 2022
15 R Flex Shoulder Left (cm) /
16 R Flexi Wrist Right (degrees) . .
- - Wrist Flexion Manual Muscle Test Decostre etal., 2015
17 R Flexi Wrist Left (degrees)
18 Static Balance (s) Stork Balance Stand Test Shushtari et al., 2022
19 Dinamic Balance (s) Y Balance Test (YBT) Lee & Ahn, 2018
Table 2. distributed data then correlation test using the Pearson
Calculation of athlete ranking scores based on medal wins . . . L.
Tovels product moment model which was carried out with Statistical
No Medals Arca National International Package for the Social Sciences (SPSS) for Windows, version
1 Gold 10 20 30 26 (SPSS Inc., Chicago, IL, USA) with a significance level of
2 Silver 7 16 25 504
3 Bronze 4 12 20 0

Statistical analysis

Statistical analysis uses descriptive analysis by displaying
mean data, standard deviation (SD) for each variable. Test data
normality using the Shapiro—Wilk test. Meanwhile, normally
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Results
The results of the descriptive analysis of the characteristics
of the research subjects are described in Table 3. Meanwhile,
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the results of the correlation analysis between physical condi-
tion and athlete performance rankings are presented in Table

4.

Table 3.
Descriptive analysis of research subject characteristics

Standard  Percentage
Parameters n Mean 8

Deviation (%)
Sex:
Male 6 42.86
Female 8 i 57.14
Total 14 100.00
Gymnastics category:
Artistic 8 57.14
Aerobic 3 - - 21.43
Rhythmic 3 21.43
Total 14 100.00
Age (yrs) 14 18.86 3.48 -
Height (m) 14 1.58 0.05 -
Weight (kg) 14 47.47 5.72 -
Body mass index (kg/m?) 14 19.05 1.44 -
Rating (score) 14 20.50 9.09 -
Leg Strength (kg) 14 89.29  34.95 -

Upper Strength Endurance Push (times) 14 29.29 8.84 -
Upper Strength Endurance Pull (times) 14 18.64 2.71 -

Abs Strength Endurance (m) 14 35.50 5.68 -
Back Strength Endurance (times) 14 39.07 7.38 -
VO,max (mL/kg/min) 14 39.11 5.37 -
Speed (s) 14 3.87 0.35 -

Reaction Time (cm) 14 12.34 3.05 -
Lower Body Power (cm) 14 62.43  11.29 -
Upper Body Power (cm) 14 3.83 0.75 -
Abs Power (cm) 14 3.27 1.25 -
Agility (s) 14 5.98 0.86 -
Flexibility (cm) 14 40.04  7.77 -

R Flex Shoulder Right (cm) 14 1.75 0.96 -
R Flex Shoulder Left (cm) 14 1.54 0.60 -
R Flexi Wrist Right (degrees) 14 65.86 6.70 -
R Flexi Wrist Left (degrees) 14 72.07 8.91 -
Static Balance (s) 14 105.81 69.92 -
Dinamic Balance (s) 14 87.89 4.09 -

Table 4.

The relationship between physical condition and athlete performance rankings

Rating (score)

Parameters
r p-Value
Leg Strength (kg) 0.748™ p <0.001
Upper Strength Endurance Push (times) 0.880™ p <0.001
Upper Strength Endurance Pull (times) 0.637" 0.014
Abs Strength Endurance (m) 0.831™ p <0.001
Back Strength Endurance (times) 0.859™ p <0.001
VO,max (mL/kg/min) 0.603" 0.022
Speed (s) -0.708™ p <0.001
Reaction Time (cm) -0.837" p <0.001
Lower Body Power (cm) 0.897 p <0.001
Upper Body Power (cm) 0.816™ p <0.001
Abs Power (cm) 0.960™ p <0.001
Agility (s) -0.784™ p <0.001
Flexibility (cm) 0.759™ p <0.001
R Flex Shoulder Right (cm) -0.830™ p <0.001
R Flex Shoulder Left (cm) -0.796™ p <0.001
R Flexi Wrist Right (degrees) -0.868™ p <0.001
R Flexi Wrist Left (degrees) -0.559" 0.038
Static Balance (s) 0.934™ p <0.001
Dinamic Balance (s) 0.906™ p <0.001

* Significant with p <0.05.
#* Significant with p < 0.001.

Based on the correlation test results, it shows that there
was a positive relationship between Rating and Leg Strength,
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Upper Strength Endurance Push, Upper Strength Endurance
Pull, Abs Strength Endurance, Back Strength Endurance,
VO;max, Lower Body Power, Upper Body Power, Abs
Power, Flexibility, Static Balance, and Dynamic Balance. In-
terestingly, we also found a negative relationship between
Rating and Speed, Reaction Time, Agility, R Flex Shoulder
Right, R Flex Shoulder Left, R Flexi Wrist Right, and R Flexi
Wrist Left.

Discussion

Gymnastics is widely recognized for its potential to en-
hance children's growth and development, serving as a foun-
dational sport that emphasizes skilled and proficient move-
ment control (Sulistyowati et al., 2022). The talent search has
been identified as an effective method for selecting young in-
dividuals with robust bio-motor abilities (Mann, etal., 2017).
It has been observed that motor abilities in athletes and gym-
nasts are generally more advanced than those in the average
child population of the same age. This aligns with previous
studies that have noted similar developments at comparable
stages of sports career progression (Solum et al., 2020;
Paunovi€ et al., 2019; Dobrijevi€ et al., 2020; Stankovi€ et
al., 2020). Notably, 9 to 12 years is critical for developing
children's motor skills (Balyi and Hamilton, 2004; Solum et
al., 2020). However, it is important to acknowledge that our
study's methodology, particularly in selecting and testing par-
ticipants, may have introduced biases that could influence
these observations. The specific limitations and their potential
impact on our findings are discussed in detail in the Materials
and Methods section.

Our results demonstrate a strong correlation between
physical condition variables (strength, VO,max, speed, power,
agility, flexibility, and balance) and athlete performance rat-
ings (Table 4). This is supported by Sukamti et al. (2020), who
highlighted the significance of physical fitness in gymnastics,
demonstrating incremental improvements in flexibility,
speed, strength, agility, and endurance among trained gym-
nasts compared to untrained individuals over time. Donti et
al. (2014) further found that short-term, focused training
programs significantly enhance motor skills and fitness, par-
ticularly in young gymnasts, reinforcing the importance of
strength and power for high performance.

Flexibility has been recognized as a crucial physical attrib-
ute in gymnastics. Skopal et al. (2020) emphasized that flexi-
bility contributes to executing complex gymnastic move-
ments, such as splits and bridges, which is consistent with our
findings. Additionally, Elferink-Gemser et al. (2012) high-
lighted the role of VO;max and overall endurance in optimiz-
ing performance, supporting our conclusion that aerobic ca-
pacity is a key determinant of success in gymnastics. Collec-
tively, these studies align with our results, affirming that im-
provements in strength, agility, flexibility, and endurance are
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crucial for gymnastics performance.

The success of artistic gymnastics depends mainly on
achieving an optimal balance between physical fitness and the
complex technical skills required for each apparatus. There-
fore, achieving extraordinary levels of total physical perfor-
mance is essential for male gymnasts (Agopyan & Ors, 2019).
Intervention programs involving physical activity have signifi-
cantly improved fitness, strength, and cardiorespiratory bal-
ance (Sumaryanti et al., 2019).

Physical activity improves health-related abilities. Several
widely recognized fitness assessments evaluate various aspects
of health in young individuals (Elferink-Gemser etal., 2012).
However, increasing the capacity to accurately assess strength,
power, speed, balance, flexibility, and agility may also assist in
identifying and addressing deficiencies in the fundamental
physical performance attributes required in gymnastics, as
demonstrated by certain studies focused on fitness develop-
ment. (Trajkovi€ et al., 2016).

The definition of physical preparation in gymnastics should
primarily consider the fulfillment of specific favorable condi-
tions that increase coordination capacity during technical
preparation (Kochanowicz et al., 2009; Atilgan, 2013; Saw-
czynetal., 2016). Developing expertise in certain aspects and
routines of gymnastics requires a high level of understanding
and utilization of one's physical strength and endurance. (Saw-
czyn et al., 2016). Additionally, it is widely known that in-
creasing the cross-sectional surface area of muscles is critical
to achieving optimal strength gains in young and adult individ-
uals. (Burt et al., 2013). The main requirements in artistic
gymnastics relate to muscle strength and power, which signif-
icantly facilitates coordination abilities. Gymnasts demon-
strate extraordinary strength when measured in relative
strength, which compares their strength to body weight (Saw-
czyn et al., 2016). This is seen in their ability to support and
manipulate body weight in various dynamic or static postures
(Sawczyn et al., 2016). Upper limb strength is essential for
vaulting, horse-stroke, parallel bars, and rings, especially for
static resistance elements such as iron crosses, inverted
crosses, and swallows. Muscle growth is essential for strength,
but itis vital to avoid turning gymnastic fitness into bodybuild-
ing (Malina et al., 2013). Therefore, muscle dimensions ulti-
mately limit strength gains, specifically their size and cross-
sectional area. Developing muscle size and strength is very im-
portant in gymnastics, but the main training goal is to maxim-
ize strength while minimizing muscle size (Sawczyn et al.,
2016). To maximize a gymnast's strength-to-body mass ratio,
itis essential to control hypertrophy within strict limits (Kolar
& Podlogar, 2017).

Acrobic endurance serves as a foundation for developing
specific skills (Yunus et al., 2024). In addition, aerobic
strength is considered an essential factor in determining gym-
nastics success (Oliveira et al., 2022; Sleeper et al., 2012).
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Some experts argue that acrobic strength is not the most crit-
ical factor and suggest developing it through anaerobic train-
ing (Jemni et al., 2006). Nevertheless, the VO,max of inter-
national gymnasts has remained relatively constant at around
50 mL/kg/min over the last five decades despite increases in
the difficulty and intensity of gymnastics routines (George et
al., 2013).

Flexibility is a fundamental physical attribute that is im-
portant for practicing Rhythmic Gymnastics (Freiré Maceiras
eta., 2023). Elite gymnasts who are members of the National
Team are expected to demonstrate extraordinary motor skills
(Santos et al., 2015). Flexibility refers to the range of motion
of a joint, indicating that greater joint mobility results in
greater flexibility. The main focus of rhythmic gymnastics is
the ability to demonstrate extraordinary flexibility in forward
and backward body movements, such as sitting positions and
reaching and bridging, (Sulistyowati etal., 2022). Implement-
ing gymnastics depends on flexibility because it requires the
ability to assume certain body positions to carry out gymnastic
exercises that require a wide range of motion. The importance
of flexibility requirements differentiates gymnastics from
other sports. The hip joint is the main joint requiring increased
range of motion in both men and women (George, et al.,
2013). This joint is very important during exercise routines
because it usually functions when performing activities with
extended legs. The results of our study showed comparable
flexibility measurements between female and male gymnasts
(36.44%4.24 vs. 34.18%3.40 cm), indicating that flexibility
is an important performance factor for both sexes. Gymnasts
have much greater flexibility than soccer players and volley-
ball players when compared to other athletes (Duncan et al.,
2006; Ostojic & Stojanovic, 2007).

Balance refers to the capacity to maintain stability while
standing on one leg or being in the air without swaying during
static or dynamic actions that challenge balance. Balance plays
an important role in gymnastics because it involves maintain-
ing a balance between body positions and movements and us-
ing various instruments. Early childhood children can develop
basic static balance skills through training in this sport (Su-
listyowati et al., 2022).

In artistic gymnastics, significant running speed is essential
for challenging jumps (Scharer et al., 2019). Speed plays a vi-
tal role in the approach to the vault and during floor routines,
allowing you to reach maximum speed and traverse the dis-
tance as quickly as possible. However, greater speed during
the approach is generally required to perform more challeng-
ing jumps and increase the chances of obtaining a high final
score (Schirer etal., 2019). A run-up vault is traditionally de-
fined as an acceleration of 20 meters, followed by a period of
maintaining speed for 5 meters, to achieve ideal contact with
the vault board and execute the planned vault successfully.
(Schirer et al., 2019). In addition, VeliCkovi€ et al. (2011)
found that highly competent gymnasts showed different speed
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patterns during the vaulting process, in contrast to less ad-
vanced gymnasts. However, the vault run-up appears to be a
tightly regulated sprint aimed at a specific target. This is due
to the short initial distance and complex execution of skills at
the end. However, the importance of stride kinematics in
achieving fast running speeds and executing challenging jumps
remains uncertain. In addition, the precise impact of physical
factors, such as running speed, explosive power (muscle
power, rate of force generation), and reactive power (perfor-
mance in short (£200 ms) strain shortening cycles) in achiev-
ing high running spccds. the rate of rise is still not fully under-
stood. Typically, in sports such as athletics and football, the
critical factors for achieving high running speeds in short lin-
ear sprints are stride kinematics, explosive power, and reac-
tive power (Meyers et al., 2017). In artistic gymnastics, the
importance of lower body strength, including running speed,
explosive strength, and reactive strength, is widely recognized
as critical to success in the long jump (Schérer et al., 2019).

Agility refers to an individual's capacity to quickly change
direction and position while performing other movements.
Agility is essential in rhythmic gymnastics because athletes
must demonstrate agility and proficiency in performing vari-
ous exercises, both with and without equipment, while syn-
chronizing with music. Apart from that, they must be able to
quickly and consistently change their direction according to
the rhythm (Sulistyowati et al., 2022). The main movement
patterns in agility gymnastics include landing, static position-
ing, movement, jumping, hovering, and swinging (Putra etal.,
2023).

In conclusion, our study underscores the intricate inter-
play between physical fitness and technical skill in artistic
gymnastics, highlighting the importance of strength, power,
and aerobic capacity in enhancing performance. While our
findings contribute valuable insights into the physical attrib-
utes that underpin gymnastic success, it is crucial to interpret
these results within the confines of our methodological ap-
proach. The limitations outlined in the Materials and Methods
section require cautious extrapolation of our conclusions. Fu-
ture research should address these limitations, providing a
more robust framework for evaluating the impact of physical
fitness on gymnastic performance. By doing so, we can con-
tinue refining our understanding of the factors contributing to
excellence in this demanding sport.

Conclusion

The findings of this study indicate a strong correlation be-
tween the physical attributes of gymnasts—such as strength,
VO,max, speed, power, agility, flexibility, and balance—and
their competitive rankings in East Java, Indonesia. These re-
sults support the idea that optimizing these key physical com-
ponents can enhance athletic performance and contribute to a
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gymnast's competitive edge. However, it is important to
acknowledge several limitations of the study. The relatively
small sample size and cross-sectional design may limit the gen-
eralizability of the findings and preclude drawing definitive
conclusions about causality. Furthermore, the measurements
of physical attributes were taken at a single point in time,
which may not fully reflect the dynamic nature of physical
conditioning over a training period or during competition.
Future research should address these limitations by em-
ploying larger sample sizes and using longitudinal or experi-
mental designs to better understand how physical attributes
evolve over time and their causal impact on performance. Ad-
ditionally, exploring other factors such as psychological read-
iness and nutrition could provide a more comprehensive un-
derstanding of what contributes to gymnastic success. By ad-
dressing these areas, future studies can offer more robust evi-
dence to guide athlete development and performance optimi-

zation in gymnastics.
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