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This study examined the association between physical fitness and a technical execution score in rhythmic
gymnasts varying in the performance level. Forty-six young rhythmic gymnasts (age: 9.9 1.3 years) were divided into
two groups (qualifiers, n=24 and non-qualifiers, n=22) based on the results of the National Championships. Gymnasts
underwent a series of physical fitness tests and technical execution was evaluated in a routine without apparatus. There
were significant differences between qualifiers and non-qualifiers in the technical execution score (p=0.01, d=1.0),
shoulder flexion (p=0.01, d=0.8), straight leg raise (p=0.004, d=0.9), sideways leg extension (p=0.002, d=0.9) and body
fat (p=.021, d=0.7), but no differences were found in muscular endurance and jumping performance. The technical
execution score for the non-qualifiers was significantly correlated with shoulder extension (r=0.423, p<0.05), sideways
leg extension (r=0.687, p<0.01), push ups (r=0.437, p<0.05) and body fat (r=0.642, p<0.01), while there was only one
significant correlation with sideways leg extension (r=0.467, p<0.05) for the qualifiers. Multiple regression analysis
revealed that sideways leg extension, body fat, and push ups accounted for a large part (62.9%) of the variance in the
technical execution score for the non-qualifiers, while for the qualifiers, only 37.3% of the variance in the technical
execution score was accounted for by sideways leg extension and spine flexibility. In conclusion, flexibility and body
composition can effectively discriminate between qualifiers and non-qualifiers in youth rhythmic gymnastics. At the
lower level of performance (non-qualifiers), physical fitness seems to have a greater effect on the technical execution
score.
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Introduction

The relationship between the competition and aerobic capacity have also been identified as
score and physical fitness variables in rhythmic contributing factors to performance (Di Cagno et
gymnastics has been examined in a number of al., 2009; Douda et al., 2008; Rutkauskaite and
previous studies (Bobo-Arce and Mendez-Rial, Skarbalius, 2009; 2011). However, several
2013; Hume et al, 1993; Rutkauskaite and anthropometric variables that are identified as
Skarbalius, 2009). Anthropometric variables such determinants of performance such as the arm
as body composition, the arm span and mid-thigh span, leg length, and height, cannot be altered by
circumference, have been suggested as significant training and mainly depend on the initial and
determinants of the rhythmic gymnastics long-term  selection ~ processes across ages
competition score (Douda et al., 2008; Purenovic- (Karpenko, 2003). Regarding physical fitness
Ivanovic and Popovic, 2014). Physical fitness components that are trainable, previous studies
variables such as flexibility, explosive strength have reported contradictory results. For example
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Hume et al. (1993) reported moderate but
significant correlations between age, lean body
mass, flexibility, leg power, motor proficiency and
the final score (the average final score of 4
competitions) in rhythmic gymnasts aged 7-27
years. Furthermore, in another study, aerobic
capacity was identified as the most important
predictor of the final competition score in 34 elite
and non-elite junior rhythmic gymnasts (Douda et
al., 2008). In that study, 92.5% of the reported
variance of competitive performance was
explained by aerobic capacity (58.9%), the arm
span (12%), midthigh circumference (13.1%) and
body mass (8.5%). Although aerobic capacity is
important for recovery between strenuous efforts
in all sports (Bogdanis, 2012), other physical
abilities such as flexibility, balance and explosive
strength may be more associated with competitive
performance in rhythmic gymnastics and in
particular at young age. Therefore, there is a need
to precisely define sport specific competitive
demands and identify the physical (fitness
variables that can be improved in the training
process and are more important for the
developing athlete.

One explanation for the discrepancies
observed in the literature regarding the
contribution of physical and anthropometric
variables to performance is the definition of the
"performance score” used in the regression
analyses. For example, some studies use the final
score in a competitive event (Douda et al., 2008),
which consists of the sum of the sub-scores of all
the four apparatuses of the all-around while
others use the average score of several
competitions (Hume et al., 1998) or the score in
one apparatus (Kolarec et al., 2013). Thus, the
magnitude of the variance in performance
explained by the regression analysis in different
studies range from 29% (Hume et al, 1993) to
92.5% (Douda et al., 2008), with different physical
abilities identified as important. Moreover, a
competitive result is multifaceted and includes
different interrelated aspects of performance such
as the association of movements with music,
apparatus handling and the artistry of
composition, that depend less on physical fitness.
Therefore, for both coaches and researchers, it
may be more useful to consider the separate
performance scores (technical execution, artistry,
difficulty), as described in the Rhythmic

Journal of Human Kinetics - volume 51/2016

Gymnastics Code of Points (F.I.G., 2013), and
identify the contributing factors of physical fitness
to each of those separate scores.

Childhood is considered as the best time
to develop correct movement patterns for youth
sports (Lloyd and Oliver, 2014) and in particular
in rhythmic gymnastics, where peak performance
is achieved at a relatively young age (Karpenko,
2003). Correct technical execution is at the same
time a demand for success and a prerequisite for
future technical development. In that aspect,
physical fitness forms the basis of technical skill
development in youth sports (Faigenbaum et al.,
2009; Lloyd and Oliver, 2014) while a higher level
of physical fitness is often related to a higher level
of performance (Piazza et al., 2014; Tran et al,
2015). Therefore, the purpose of the present study
was to examine the association between selected
physical fitness variables and the technical
execution score in young rhythmic gymnasts
varying in the performance level. It was
hypothesized that the two groups of rhythmic
gymnasts would differ in selected physical fitness
variables and the association of these variables
with the technical execution score would be
dependent on the athletes' level.

Material and Methods

Participants

Forty-six female rhythmic gymnasts aged
9.9£1.3 years, who took part in the National
Championships of their age category, volunteered
to take part in the present study (Table 1). On the
basis of the results of the individual all-around,
gymnasts were divided into two groups: (a) a
"qualifiers" group consisting of 24 gymnasts who
ranked above the 24th place and thus qualified for
the all-around, and (b) a "non-qualifiers" group
consisting of 22 gymnasts who ranked below the
24th place and thus failed to qualify for the all-
around. All gymnasts were free of injury, trained
regularly (6 days per week of approximately 4
hours per session) and participated in
competitions 3-4 times per year according to the
national calendar. After a detailed briefing about
the experimental procedure and the potential
risks involved in the study, written parental
consent was provided for all the gymnasts. The
study was approved by the Institutional Review
Board of the School of Physical Education and
Sport Science, University of Athens, and all
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procedures were in accordance with the
Declaration of Helsinki.

Procedures

All measurements were made 10-15 days after
the National Championships. Physical fitness and
technical execution assessments were performed
during two separate sessions 4-5 days apart,
starting at around 4 pm. During the first session
technical execution was assessed by the same
experienced, International Gymnastics Federation
(F1G) judge. Gymnasts performed a
standardized compulsory routine of the National
Gymnastics Federation, which lasted 1.5 min and
included the basic body movements (jumps/leaps,
balances and rotations). Technical execution was
evaluated according to the current Rhythmic
Gymnastics Code of Points (F.I.G., 2013). During
the second session, anthropometric measurements
were made first and then, physical fitness
elements were assessed in the following order:
balance, lower and upper body flexibility, muscle
endurance, jumping performance, agility.
Twenty-four hours prior to each session, the
gymnasts were asked to avoid any strenuous
activity. A standardized gymnastics warm-up
(including 5 min jogging interspersed with
general and specific movements of moderate
intensity, 10 min of static and 10 min of dynamic
sport specific stretching) preceded each session.

Measures
Anthropometry

Body mass and height were measured using a
digital scale and a stadiometer (Seca 710, and Seca
208, Hamburg, Germany). Body composition was
estimated by measuring the skinfold thickness on
two sites of the body using the equation of
Slaughter et al. (1988) for girls aged less than 18
years.
Balance

Static Balance was assessed by a sport-specific
test used in rhythmic gymnastics
(Kioumourtzoglou et al., 1997). The subjects' goal
was to remain on the ball of the foot ('releve') with
their arms held above their head (third position)
and the free foot at a low passe (fondue) for as
long as possible. Performance was recorded using
a digital stopwatch. Three trials, after two practice
trials, were allowed and the best result was kept
for further analysis. Gymnasts were familiar with
this test as they performed it in their daily
practices. The intraclass correlation coefficient
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(ICC) for the balance test was 0.85 (p<0.01).
Shoulder flexion and extension

Shoulder flexion was measured according to
the procedures described by Sleeper et al. (2012).
Prior to data collection, gymnasts’ arms length
was measured from the tip of the acromion to the
tip of the metacarpal bone of the middle finger.
Gymnasts lay in a prone position and with their
shoulders flexed at 180° gripped a wooden stick
with the hands pronated and the thumbs touching
each other. Then both arms were raised as high as
possible above the ground with the stick
remaining parallel to the ground and the chin
touching the ground. Flexibility of shoulder
flexion was determined trigonometrically, i.e. by
dividing the height attained by the stick with the
length of the athlete’s arm and then taking the
arcsine of this ratio. Shoulder extension was
measured using the same procedure described
above, with the gymnasts lying in a prone
position and lifting their arms behind their back.
The ICCs for shoulder flexion and extension tests
were 0.94 (p<0.01) and 0.97 (p<0.01), respectively.
Sit and reach

Gymnasts took a seated position with legs
stretched out and feet were placed flat against a
standardized sit and reach box and reached
forward with both hands as far as possible, not
allowing knees to flex (Pescatello et al., 2014). The
ICC for the sit and reach test was 0.92 (p<0.01).
Hip range of motion

Straight leg raise range of motion of the
preferred leg was measured with the gymnast
lying supine on an examination bed with their
lower back flat on the plinth to prevent pelvic
rotation (Heyward, 2005). The preferred leg was
then raised by an experienced investigator as far
as possible to the point of tolerance while
maintaining the knee fully extended, without the
pelvis lifting off the plinth and with the ankle
joint in a neutral position. The opposite leg was
held firmly down by an assistant to prevent hip
flexion. Markers were placed on the hip, knee and
ankle joints of the preferred leg and flexibility was
defined as the angle between the lifted leg and the
horizontal plane using a digital camera (Casio
Exilim Pro EX-F1) at 30 frames per second and
Kinovea Video Analysis Software (v 0.8.15).

The sideways leg extension (developpe a la
seconde) included the combined hip action of
flexion, abduction and external rotation (Angioi et
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al., 2009). Gymnasts stood upright, slightly
supporting one hand on the ‘barre” and lifted the
contralateral leg bringing it sideways and
upwards as close to the trunk as possible. Both
legs remained stretched and the torso was kept
upright. The angle between the two legs was
measured using Kinovea software, as described
above. The ICCs for the straight leg raise and
sideways leg extension were 0.91 (p<0.01) and 0.96
(p<0.01).

Body hyperextension: The ‘bridge’ test was used to
assess body hyperextension in rhythmic
gymnastics (Rutkauskaite and Skarbalius, 2011).
Traditionally, performance is measured as the
distance between the wrist and the heels.
However, since the height of a gymnast may
affect the distance between wrists and heels the
measurement was standardized by subtracting it
from the gymnast's height with the arms raised
(up to the wrist) and then dividing it by the height
with the arms raised. The ICC for the body
hyperextension test was 0.89 (p<0.01).

All flexibility measurements were made twice
and the best result was used for further analysis.
Upper body muscular endurance

Muscular endurance of the arms and chest
muscles was measured using the 1 min push-ups
test (Ballady et al., 2000). The gymnasts were
instructed to keep the body in a straight position
and bend their elbows until the chin touched the
mat and then fully extended their arms again. The
maximum number of push-ups performed
consecutively in one minute was used for further
analysis. The ICC for the 1 min push-ups test was
0.91 (p<0.01).

The 1 min sit-up test was used to measure
muscular endurance of the abdominal muscles
(Barker et al., 2007). Gymnasts lay face up on a
mat with their knees bent at 90° and crossed their
arms over their chest with hands on their
shoulders at all times. From this position,
gymnasts raised their upper torso until their
elbows touched their knees and then lowered
their upper torso until their shoulder blades
touched the floor. The examiner assisted by
anchoring the gymnast’s feet on the ground. The
maximum number of correctly executed
repetitions in one minute was recorded. The ICC
for the 1 min sit-up test was 0.91 (p<0.01).

Muscular endurance of the back extensors was
evaluated using a previously published test
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(Trost-Bobi¢ and Radas, 2010). Briefly, gymnasts
lay face down and performed trunk
hyperextensions to 90° (from a position where the
chest touched the floor to a position where the
shoulder blades touched a fixed object). The
maximum number of repetitions performed in 30
seconds was recorded. The examiner assisted by
anchoring the gymnast’s feet on the ground. The
ICC for the back extension test was 0.91 (p<0.01).
Jumping performance

Jumping performance was assessed by the
counter movement jump (CMJ) and the drop
jump (D]) from 30 cm height. For the CM],
gymnasts were instructed to perform a
countermovement until the knees were bent at
approximately 90 degrees, and then immediately
jump as high as possible with maximal effort. For
the drop jump, athletes jumped down from a 30
cm box onto the mat and then immediately
performed a maximal vertical jump. Athletes were
instructed to keep their hands on their hips
throughout the test and land on the same spot.
The best value of two jumps separated by 30 s rest
was used for analysis. Jump height was calculated
from flight time, using an OptoJump System
(Microgate, Bolzano, Italy). The ICCs for CMJ and
DJ were 0.96 and 0.95 (p<0.01) and this agreed
with  recently = published reliability — data
(Markwick et al., 2015).
Agility

Agility was tested with a gymnastics specific
test as described by Sleeper et al. (2012).
Gymnasts performed five consecutive 18 m
shuttle sprints (running across the diagonal length
of the gymnastics floor). The total time taken to
run the five sprints was measured using a digital
stopwatch. The ICC for this agility test was 0.91
(p<0.01).

Statistical analysis

Data are reported as means and standard
deviations (SD). The Pearson’s correlation
coefficient (r) was wused to detect linear
associations among selected physical fitness
variables and the technical execution score.
Differences between gymnasts of a higher and
lower performance level were determined using
independent samples t-tests. Cohen (d) effect sizes
were calculated and their magnitude was
categorized as follows: trivial, <0.2; small, 0.2 to
0.5; small to moderate, 0.5 to 0.8, and large, >0.8
(Cohen, 1988). Multiple regression analysis was
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used to investigate which physical fitness
variables contributed most significantly to the
technical execution score in each group
separately. Test-retest reliability for all the
dependent  variables measured in this
investigation was determined separately by
calculating the intra-class correlation coefficient
(ICC) using a 2-way mixed model analysis of
variance. Statistical significance was accepted at
p<0.05. All analyses were performed using SPSS

(version 20.0, SPSS Inc., Chicago, IL, USA).
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Results

The technical execution score was significantly
higher in qualifiers compared with non-qualifiers.
Qualifiers had greater hip and shoulder flexibility
in most tests (Table 2). In particular, shoulder
flexion, straight leg raise and sideways leg
extension were significantly higher in the
qualifiers (p<0.01 and d>0.82, Table 2). Shoulder
extension (p=0.075) and balance on the ball of the
foot (p=0.105) tended to be higher in qualifiers
and the effect size of the difference was moderate

(d>0.50).
Table 1
Descriptive characteristics of the participants. Data are means £SD
Age (y) Height Body mass Training
(cm) (kg) experience (y)

Non-qualifiers (n=22) 9.7+15 136.0+85  28.3+4.0 24+15
Qualifiers (n=24) 102+1.0 139.7+6.5 30.2+3.6 25+1.0

Table 2

Comparison of the technical execution score and physical fitness assessment test
results (mean+SD) between Qualifiers and non-Qualifiers.
The correlations between the technical execution score and physical fitness
variables are presented separately for Qualifiers and non-Qualifiers

Physical fitness variables Non-qualifiers Qualifiers [4 Effectsize =~ Pearson'sr  Pearson'sr

(n=22) (n=24) (Cohen's d) Non- Qualifiers
qualifiers

Technical execution score  7.77 +0.56 8.22+0.28 0.001 1.05

(points)

Shoulder flexion (°) 27.6 +6.4 33.5+8.4 0.010 0.82 0.002 0.299

Shoulder extension (°) 37.4+48 39.9+4.6 0.075 0.55 0.423* 0.220

Sit and reach (cm) 42.1+4.7 43.1+5.4 0.467 0.22 0.346 0.036

Straight leg raise (°) 159.5+13.9 170.2+9.9 0.004 0.91 0.343 0.285

Sideways leg extension 147.5+14.6 161.1+14.0 0.002 0.97 0.687%* 0.467*

©

Spine flexibility (%) 84.5+8.5 86.9+5.8 0.262 0.34 -0.158 -0.293

Push ups (repetitions) 16.5+9.6 158 +8.4 0.790 -0.08 0.437* 0.086

Sit ups (repetitions) 29.5+8.7 329+6.4 0.128 0.47 0.236 0.226

Back extension 21.8+4.5 21.7+4.0 0.959 -0.01 0.415 0.165

endurance (repetitions)

CM]J with 2 legs (cm) 21.0+22 21.3+27 0.696 0.12 0.115 0.241

Drop jump from 30 cm 21.6+3.7 223+25 0.474 0.22 0.033 0.312

(cm)

Agility (s) 19.8+1.9 19.4+1.0 0.384 -0.27 -0.376 -0.186

Balance (s) 10.6 £12.6 16.9+13.3 0.103 0.50 0.273 0.149

Body fat (%) 162+1.8 150+14 0.021 -0.73 -0.642** -0.078

**:p<0.01, *: p<0.05
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Results of the multiple regression analyses using physical fitness variables
as predictors of performance for Qualifiers and non-Qualifiers of the all around

Table 3

Sideways leg extension
Spine flexibility

Non-qualifiers Standardized Adjusted R?
beta coefficient

Fitness variables 0.629t

Sideways leg extension 0.434**

Body fat 0.424**

Pushups 0.256*

Qualifiers Standardized Adjusted R?
beta coefficient

Fitness variables 0.373**

0.613**
0.480*

t: p<0.001; **: p<0.01, *: p < 0.05

There were no other significant differences
between the two groups in physical fitness
variables related with muscular endurance, power
(e.g. push ups, sit ups, CM]), agility and balance,
with the exception of body fat that was lower in
the qualifiers compared with non qualifying
gymnasts (Table 2).

The technical execution score was correlated
with several physical fitness variables in the non-
qualifiers, while there was only one significant
correlation (between the technical execution score
and sideways leg extension) for the qualifiers
group (Table 2). Multiple regression analysis
revealed that sideways leg extension, body fat and
push ups accounted for a large part (62.9%) of the
variance in the technical execution score for the
non-qualifiers, while for the qualifiers, only 37.3%
of the variance in the technical execution score
was accounted for by sideways leg extension and
spine flexibility (Table 3).

Discussion

The main finding of the present study was
that rhythmic gymnasts who qualified for the all-
around differed from non-qualifiers only in the
flexibility of the
shoulder and hip joint and body composition.
Interestingly, significant correlations between the
technical execution score and physical fitness
variables related with flexibility, upper body

technical execution score,
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muscular endurance and body fat were found
only in the non-qualifiers group, suggesting that
within this group, those with higher physical
fitness attained higher technical performance
scores. On the other hand in the qualifiers group,
correlations between the technical execution score
and physical fitness were low and non-significant,
with the only exception being sideways leg
extension. The results of the regression analyses
confirmed the larger contribution of physical
fitness to the variance in the technical execution
score in the non-qualifiers group.

Shoulder and hip flexibility significantly
discriminated between qualifiers and non-
qualifiers thus highlighting the importance of
specific flexibility development at this age.
Rhythmic gymnasts start systematic flexibility
training at a young age (6-7 years old) as the age
range of 7-11 years is considered a sensitive
period for flexibility development (Lloyd and
Oliver, 2014; Sands, 2002). The increased pliability
and reduced musculotendinous stiffness of
muscle tissue at this age enable greater joint range
of motion to be achieved (Lloyd and Oliver, 2014).
However, in the extensive schedules of young
rhythmic gymnasts, it is important to identify
which flexibility variables are important for
successful technical execution and form the basis
of further technical development. In the present
study, shoulder flexion, a straight leg raise and
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sideways leg extension were found to
discriminate between qualifiers and non-qualifiers
while shoulder extension also tended to be higher
as the effect size was moderate (Table 2). Shoulder
joint range of motion is important for the
manipulation of the apparatuses in an optimal
distance from the body and is also necessary for
all the pre-acrobatic elements with hand support.
Increased hip range of motion also ensures the
execution of all the basic body movements in
rhythmic gymnastics, such as leaps/jumps and
turns with different body configurations.
Furthermore, increased shoulder and hip range of
motion protects the gymnasts from the excessive
load placed on the spine during "extreme"
movements such as trunk hyperextension.

One interesting finding of the present
study was that sideways leg extension was the
best predictor of the technical execution score for
both qualifiers and non-qualifiers (Table 3).
Sideways leg extension includes the combined
actions of hip flexion, abduction and external
rotation (Angioi et al., 2009) that are necessary for
leaping, balancing and turning with different
body configurations. Sideways leg extension also
requires firm postural control in order to properly
stand while lifting and holding the leg sideways.
Although in rhythmic gymnastics sideways leg
extension is used in practice for training and
testing static and dynamic hip flexibility, there is
no data in the literature regarding its application
in gymnastics. The only study that reported that
sideways leg extension may be used for the
assessment of specific flexibility-related skills was
performed with contemporary dancers (Angioi et
al., 2009). When designing a testing battery for
athletes, it is important that the testing protocol is
sport specific and can identify small changes in an
athlete’s fitness level (McGuigan, 2014). Ideally,
the fitness tests should be biomechanically and
physiologically specific to the sport, so that their
use as an evaluation and/or selection tool is
justified. In the present study, apart from the
"traditional” tests used in similar studies
(Rutkauskaite and Skarbalius, 2009; 2011; Radas
and Trost Bobic, 2011), two novel flexibility
measurements were applied, i.e. sideways leg
extension and the ratio of "height to bridge". As
shown in the present study, the sideways leg
extension may be a very useful range of motion
test for young rhythmic gymnasts and it is
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therefore recommended for testing and selection
purposes. In addition, the ratio of "height to
bridge" may provide a more accurate assessment
of body hyperextension than the traditional
"bridge" test as the height of the gymnast is also
taken into consideration.

Although the difference in balancing on
the ball of the foot between qualifiers and non-
qualifiers was not statistically significant, the
effect size was moderate. Given that in this study
the participants were high-level young gymnasts,
even borderline differences that have a moderate
effect size may be "practically significant” in
providing useful information for the training and
selection process (Tran et al., 2015). Standing and
balancing on the ball of the foot requires a correct
body posture, body alignment and a stable
‘releve’ position. Learning how to stand comes
first, while turning and leaping follows in training
of young gymnasts. Since the capacity of turning
includes the capacity of balancing on one leg
(Karpenko, 2003), balance on the ball of the foot is
a necessary skill for performing turns and
rotations. Thus, it may be useful to further
investigate the importance of balance on the ball
of the foot to provide a basis for technical
execution in young rhythmic gymnasts.

One important finding of the present
study was that the technical execution score was
correlated with hip and shoulder flexibility, upper
body muscular endurance and body fat only
within the non-qualifiers group. In contrast, in the
qualifiers group, the only physical fitness variable
that was correlated with the technical execution
score was sideways leg extension. These findings
would suggest that at a lower level of
performance, more physical fitness variables may
have an effect on the technical execution score.
Greater importance of physical fitness at a lower
level of performance was also evident in the
results of the regression analyses, showing an
almost two-fold larger contribution of physical
fitness (hip flexibility, muscular endurance and
body fat) to the variance in the technical execution
score for non-qualifiers. The lower contribution of
physical fitness to the variance in the technical
execution score seems contradicting, since
qualifiers had superior performance compared
with non-qualifiers in several physical fitness tests
(Table 2). However, a possible explanation may be
that at a higher level of performance, where
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flexibility is developed above a certain degree, the
gymnast is able to execute a technical routine with
less physical effort and more elegance, so that the
technical execution score depends more on finer
elements of movement and less on increased
flexibility (Karpenko, 2003). In the present study,
qualifiers may be characterized as high-level
athletes, since their technical execution score was
similar to elite national standards. Interestingly,
sideways leg extension was the variable that was
correlated with and contributed to the variance in
the technical execution score for both qualifiers
and non-qualifiers (Tables 2 and 3), stressing the
importance of this testing result for rhythmic
gymnastics, irrespective of the performance level.
The fact that lower limb muscular power and
muscular endurance were not found to
discriminate between qualifiers and non-qualifiers
and also had no contribution to the variance in the
technical execution score may be explained by the
young age of the gymnasts. In contrast with
flexibility that is developed at a younger age, the
optimal age for improving power and strength is
between 12-17 years (Lloyd and Olivier, 2014). It
is thus possible that leg power may significantly
contribute to performance at a later age and this
warrants further investigation. In line with
previous research, qualifiers demonstrated
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