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Abstract This study examined the association
between leg flexibility, leg length, jump height, and split
leap movement scores at various levels of rhythmic
gymnasts. Fifty-two young rhythmic gymnasts (age: 10.63
+ 2.9 years) were divided into two groups (qualifying, n =
32 and non-qualifying, n = 20) based on age and regional
championship level. The gymnast underwent a series of
fitness tests in the form of leg flexibility and leg explosive
power as well as a split jump performance which was
judged by 2 national and international certified judges.
There was a significant difference and correlation between
qualification and non-qualification in the split leap score (p
=0.00), body weight (p = 0.00; r = 0.351), limb length (p =
0.00; r = 0.420), High Jump (p = 0.01; r = 0.279), raised
straight legs (p = 0.021; r = -0.279). There was no
difference found in point feet but positively related at split
leap score (p = 0.386; r = 0.373). The overall multiple
regression analysis of all novice athletes revealed that
Limb length, point feet, and high jump accounted for a
medium part (32%) of the split leap score. In conclusion,
the level of the gymnast (non-qualification), weight, Limb
length, and arm length had a greater effect on the
implementation of the split leap, whereas at the junior level
(qualification) the leg explosiveness and flexibility of the
leg effectively contributed to the split leap movement.
Overall, the athlete's flexibility, body composition, and the
explosive power of the limb variables effectively
contribute to the split leap movement in youth rhythmic

gymnastics.
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1. Introduction

The split leap is the movement of stretching the leg
asymmetrically opposite as much as possible and can be
accompanied by manipulating tools. The anthropometric
view of the Rhythmic gymnast with the characteristics of a
tall, slender body with long legs would be more
advantageous in the beauty of her movements and the
judges' judgment [1-5].

This makes the split leap a complex movement because
at the start of the movement, refusing the foot to float, can
be combined with manipulating the throwing tool and
catching it again on landing or in midair. In this movement,
the gymnast must also adjust to the musical
accompaniment. For elite athletes, split leap rhythmic
gymnastics is not a significant problem because they have
trained all the supporting elements of this movement.
However, for beginners and juniors, split leap rhythmic
gymnastics requires the right combination of elements of
speed, leg flexibility, and leg power in displaying their
motion. Muscle flexibility and joint flexibility support a
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functional movement of the body. Anatomical limitations
of the body cause disruption of freedom of movement [6,7].
The importance of flexibility in all physical activities
requires a person to prepare one component of the physical
condition of flexibility in every warm-up. In rhythmic
gymnastics, gymnasts are required to have high flexibility
to support their best performance [8,9]. The study shows
that there is a relationship between high flexibility and a
reduction in the value of the jury when performing
movement skills in rhythmic gymnastics athletes [9].
Another influential variable according to the study states
that power is one of the main elements other than flexibility
which determines the ability of Rhythmic Gymnastics
[10-12]. The Split Leap movement requires complex
physical components of speed, power and flexibility [13].
Rhythmic gymnastics skills are a series of combinations of
basic ballet movements, body flexibility, expressions
combined with rhythm by manipulating rope, hoops, clubs,
balls, and ribbons. The main elements of rhythmic
gymnastics are running, jumping, throwing, catching,
balancing, turning, and landing [14,15]. In rhythmic
gymnastics, the gymnast displays a combination of the
series according to the Code of Point Book in selecting his
movements according to the rules, namely difficulty,
mastery (AD), throws (R) and dance steps. The series was
carried out with musical accompaniment which lasted one
and a half (01.30) minutes [16]. In rhythmic gymnastics
itself, various kinds of numbers are contested along with
music, dance combinations, and movement difficulty
factors also have movement requirements [17]. Failure to
perform a perfect split leap will result in a reduction in the
score by the judges as well as an impact on the appearance
of the next series of moves. The results of interviews with
the beginner (non-qualifiers) and junior (qualifiers)
rhythmic gymnastics coach Wimilia at Unnes central java
Indonesia stated that for the beginners' athletes it is difficult
to display this movement because in addition to needing
proper coordinative training, each element of support for
the split leap motion such as jumping and leg
stretching/splits, this is on average. On the other hand, they
are not yet mature in their coordinative movements and
combine with instruments and musical accompaniment.
This problem was interesting to study more deeply about
how much limb flexibility, power, and leg length
contribute to the split leap movement. So that the coach can
improve the basic physical abilities of rhythmic gymnastics
athletes with the right concerns regarding leg flexibility, or
leg power. The purpose of this study was to analyze the
contribution of leg flexibility, leg strength, and leg length
to the split leap movement.

2. Materials and Methods

The method used in this research is a survey method
with an ex post facto research design. Which is used to
determine leg length, pelvic flexibility, power, and ability
split leap for Beginner and Junior Rhythmic gymnastics in
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Central Java. A total of 52 rhythmic gymnasts participated
in this study. The data collection procedures were carried
out by researchers, including managing research permits,
audiences with policymakers, socialization of research
plans with the official organization of gym (Persani)
Central Java, identification of subjects, population and
research samples, preparation of instruments, recruitment,
and training of data collection teams, data collection of
athletes, and data analysis. The data collection instruments
used in this study consisted of: Anthropometric
measurements of height and leg length using image
posture analysis, UNG (Real Image Size) software which
has been tested for the reliability of 0.95 and validity of
0.91 with standard length measuring instrument no. Reg
C4/VI/250419 and body weight were measured using a
body scale. Measurement of flexibility (ROM) associated
with the split leap motion using Kinovea software.
Kinovea software is a valid and reliable tool that is able to
measure accurately at distances up to 5 m from the object
and at an angle range of 90°-45°. Measurement of hip
joint flexibility is measured by image analysis by
recording images of leg flexion by lying perpendicular to
the back of the floor and lifting the leg forward as widely
as possible and leg extension by lying on the stomach
lifting the leg towards the back. Also, limb abduction is
measured by lying on the side and lifting the leg sideways.
The joints of the feet are measured by recording images
and analyzing by sitting straight with the knees touching
the floor and doing maximum flexion of the tapered leg
(point) and extension of the knee leg in the same way.
Measuring leg power using a standing long jump is a
measurement instrument that can see the power criteria for
a certain age [18]. Judging of the Split Leap Movement
(with criteria by nationally licensed Jury) with the criteria
according to motion as discrete motion. [19]. The split
leap element fulfills the criteria as shown in table 1 below.

Table 1. Grid of Split Leap assessment instruments

Maximum

Section
Value

Motion Decription

1. Beginning with the gymnast's stance,

standing upright.

2. The initial jump can use a step or a jump by

moving the arm from the bottom up

3. The knees are bent to provide momentum and|

la boost of power to jump upwards.

K. The body is straight, the chin and the view are|

straight slightly raised

1. Body remains perpendicular to the view

towards the front

impleme 2. Quickly raise both legs asymmetrically until
ntation |they are stretched out 180° in the air

3. Quickly close the legs back with the arms

down

1. Hands move towards the side or front

2. Landing using the leg with the knee bent

lagainst the force of gravity to hold the body

3. Standing in a perfect posture without

ladditional steps, arms upright body position

fforward view

prefix

landing
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Figure 1. Discrete Point Split Leap Deduction

Data analysis includes 1). rechecking the collected data;
2). Sort and analyze images to get accurate data. The data
obtained were analyzed to describe the anthropometric
characteristics of rhythmic gymnasts, the quality of
flexibility, and the leg power of novice and junior rhythmic
gymnasts. The hypothesis of this study states that there is
an effect of leg length, leg power, and hip flexibility on the
split leap ability of novice athletes and junior athletes in
Semarang. And to answer the hypothesis, inferential
statistical analysis is used, namely the multivariate analysis
of variance (ANOVA). After that, Regression Analysis
will be used to determine the contribution of the
independent variable to the dependent variable, namely the

ability to split leap of beginner and junior rhythmic athletes.

The analysis will be continued by calculating the effective
contribution (SE) to determine which variable is more
dominant in the Split Leap movement. A Relative
Contribution (SR) will also be sought to understand the
contribution to RSquare.

3. Result

The description of the research data is as shown 2 below

Contribution of Leg Flexibility, Limb Length, Leg Power for the Split Leap Skills of Rhythmic Gymnastics Athletes

in table:
Table 2. Descriptive characteristics of the participants. Data are means
+SD
Age Height Body
TOU] IMT
o ) (em)  mass(Kg)
Non-qualifiers  8.75+ 13043+ 26.68+
- — - +
n=32 1.2 10.77 5.88 15:50£1.79
Qualifiers 13.65 150.15+ 4121 +
=20 +205 738 708 1812221

A good split leap score will be significantly higher in
junior athletes (Qualifier) compared to novice athletes
(non-Qualifiers. Junior athletes excel at far jumps and leg
ranges) can be seen in Table 3 below.

There was no significant difference between the two
groups of beginners and juniors regarding the flexibility of
the legs towards the front of both the right and left legs and
the points of the feet. In general, junior athletes had
superior jump tests, flexibility, and physical size (Table 3).
The value of the split jump by two international certified
judges correlates with several physical variable items
tested in the beginner group, namely body weight, leg
length, and leg variable point. Meanwhile, there is a
correlation between the juniors in long-jump and point feet
(Table 3). Meanwhile, if the two groups are combined, the
correlation with the split leap value is the variable weight,
leg length, jump height, and point feet, and negatively
correlated with the flexibility of the right leg to the back.
Multiple regression analysis revealed that body weight and
arm length and leg length accounted for a portion (25%) of
the variance in the split leap score for non-qualifiers, while
for qualification only 26.7% of the split leap score
difference was calculated by jump length and point feet
(Table 4).

Table 3. Comparison of Split leap assement score and physical fitness assessment test results (mean+=SD) between Qualifiers and non-Qualifiers.The
correlations between the motion elemen score and physical fitness variables are presented separately for Qualifiers and non-Qualifiers.

Physical fitness Non-qualifiers Qualifiers P Pearson's r Pearson's Pearson's
variables n=32 n=20 Non qualifiers qualifiers All Partisipant
Split leap assement 6.2542.73 8.05+3.14 0.00
score
Body Mass (Kg) 26.68 + 5.88 4121471 0.00 0.410% 0.02 0.351*
limb length (cm) 71.65+7.3 85.05+ 6.6 0.00 0.382* 0.165 0.420%*
Torso length (Cm) 32.53 +3.80 36.80+ 3.44 0.00 0.194 -0.089 0.148
Arm length (Cm) 41.75+4.59 47.80+3.91 0.00 0.249 -0.228 0242
Longjump (Cm ) 94342438 109.9+ 26.3 0.03 0.042 0.448%* 0.116
Height jump (Cm) 18.82 +6.57 24.83+8.03 0.01 0.203 0378 0.279*
Right legs straight 86.59+9.42 6.35+12.88 0.961 0.105 0.290 0.048
head(")
Right legs straight 49.43+ 15.05 39.90+ 12.37 0.021 -0.161 -0.293 -0.275%
back(")
Left legs straight 84.3+ 15.4 8435+ 11.2 0.993 0.025 0.224 0.08
ahead(")
Left legs St(ff)“ght ahead 53.75+26.72 42.95+11.90 0.05 0.086 -0.240 -0.148
Flat feet (*) 78.53+ 16.82 90.9+ 6.49 0.009 0.072 0.241 0.173
Point Feet (°) 157.4+ 6.49 159.1+ 6.95 0.386 0.041 0.497%* 0.373%*

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
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Table 4. Results of the multiple regression analyses using assessment Split leaps variablesas predictors of performance split leap for Qualifiers and

non-Qualifiers

Non qualifiers bzttjllizrf(g:;it Adjusted R2 ( Sitg.) ( Sli:g.) R
Motion element assessment 0.259 0.338
berat 0.501 0.079
0.036* 0.502
Arm length -0.388 0.227
Limb length 0.327 0.179
Qualifiers bi::tiiﬁ_jz;it Adjusted R2 ( Sitg.) ( S]i:g.) R
Motion element assessment 0.267 0.10
Long jump 0.327 0.13 0.028* 0.586
Point feet 0.397 0.07

*:p<0.05

Table 5. Results of the multiple regression analyses using assessment Split leaps variablesas predictors of performance split leap for all sample

Standardized t F
All Sampel beta coefficient RSquare (Sig.) (Sig.) R
Motion element assessment 0.320 0.05
Point feet 0.342 0.06
0.00* 0.566
high jump 0.176 0.162
Limb length 0.342 0.008

*p<0.05

The combined analysis of the split leap participants'
performances using linear regression states that as much as
32% of the Split Leap value depends on the point feet,
jump height, and leg length. The significance value of F sig
0.00 <0.05 proves that the independent variable point feet,
high jump, and limb length can predict the performance
value of the split leap movement of all samples of rhythmic
athletes. It appears that the relationship between the
variables and the athlete's split movement value has a
strong positive correlation (Table 5). The total relative
contribution shows 99.90% of the percentage size of the
contribution of a predictor variable to the number of
squares of the regression. While the total effective
contribution explains the overall predictions that can be
explained by 32% rounding off the effectiveness of the
regression line. So the remaining 68% is influenced by
other factors such as length of exercise, psychological
factors (Tabel 6).

Table 6. Effective contribution and relative contribution independent
variable to the motion element Split leap assessment

All athletes C(];:rftffii)ti\t/i)n relative contribution
Point feet 12.75 % 39.8%
High jump 4.9 % 15.3%
Limb length 14.34% 44.8%
Total 31.99% 99.90%

4. Discussion

The main findings in this study include differences in the
characteristics of novice rhythmic gymnastics athletes in
their split jump performance on several items, namely,
point feet and forward leg flexibility. Interestingly, the
correlation between the value of the split jump was only on
the physical characteristics of the bodyweight and leg
length in the non-qualifying group. The correlation of the
split jump values in the qualifying group is found in the
long jump and point feet variables. This means that
although the physical characters are almost all the same,
the split jump movement in the non-qualification / beginner
group is more the role of the weight and leg length factors
that support it. This is in line with the opinion that
gymnastic rhythmic novice athletes have not used
explosive power much but flexibility and physical
characteristics to support performance in a series of motion
[20]. Beginner gymnasts who begin training aged 6-7 years
have a developmental period of Flexibility at age 7- 11
years [22,23]. As increased flexibility reduces muscle
stiffness, muscle tissue at this age allows a greater range of
joints to support the movement to be achieved. However,
the flexibility wvariable determines the success in
performing movements and the development of more
complex movements. The finding contradicts friends that
there is no effect of flexibility on jumping movement
performance in beginner athletes aged 7 + 3 years [20].
Basic locomotor motion training with various training
models for novice athletes needs to be intensified [21]. In
the qualifying group, the performance value of the split
leap was correlated and played a greater role in the
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explosive power of the legs and the point feet. Junior and
senior athletes will enter the stages of developing strength
and flexibility to support their performance. The split leap
move requires a kite of a certain height to give it a chance
to perform the split move. This makes the leg muscle
explosive power required in the split leap movement. Leg
strength during jumping and coordinative movement in
rhythm were linearly correlated with the elements of the
jumping motion by 65% [20]. This is supported by the
findings of this study in the regression analysis (Table 5)
that the prediction variable, in general, is the explosive
power characteristics represented by the high jump, the
physical characters represented by the length of the legs,
and the flexibility represented by the point feet has a
significant effect on the split leap movement. The split
jump movement is a coordinated series of motion from
starting, hovering and landing. The split leap is one of the
basic motion elements in rhythmic gymnastics by
combining elements of leg flexibility and jumping power
[24]. The asymmetrical motion of the leg stretching
through the air is the split leap definition [25]. The split
leap movement is divided into two types, namely the
forward split leap and the side split leap. The difference
between the forward split leap and the side split leap is the
split direction when hovering. In line with the findings of
Galan et al. that the split leap movement is related to the

ankle extension, the length of the kite, and the take-off [26].

Gymnasts in hovering require optimal height over a while,
this can be achieved by the strength of the leg repulsion or
the physical characteristics of the long legs. Hip and ankle
strength helps balance every movement in rhythmic
gymnastics [27]. One of the important points in this study
is the 32% split leap movement supported by the effective
contribution of each variable point feet of 12.5%, leg
length 14.5%, and jump height of 4.9% (Table 6). This
shows the size of the influence of the variable flexibility,
anthropometrics, and physical strength in the split leap
movement. Rhythmic gymnastics has characteristics of the
appearance of movements with high difficulty which
combines anthropometrics [28] with other components
such as flexibility, power, psychology, and other factors.
[29] Rhythmic gymnasts have a slim profile, long legs, and
a normal body mass index [30,31]. Other variables that can
predominantly influence the split leap movement that was
not observed in this study are psychological factors, length
of exercise, fitness variables which include coordination
and movement speed, and pelvic ring of motion.

5. Conclusions

The split leap requires flexibility of the leg, limb length,
and leg power in which the variation of the contribution
varies according to the level, anthropometrics has the
greatest contribution followed by the flexibility of the leg
muscles and leg power. Anthropometric, lower limb

Contribution of Leg Flexibility, Limb Length, Leg Power for the Split Leap Skills of Rhythmic Gymnastics Athletes

flexibility, and explosive power effectively distinguish
between qualifications and non-qualification in youth
rhythmic gymnastics, leg length, explosive power, and leg
flexibility have a greater effect on the split leap score.
This emphasizes the importance of selecting a rhythmic
gymnast seed. More emphasis is placed on scientific
analysis of the ideal posture form for rhythmic gymnasts
and training at this age as a prerequisite for technical
development. Further research should examine what
physical fitness variables play a role in the split leap
movement performed in combination with a device or
without a tool.
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