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EDITORIAL

Dear friends,

The Olympic Games in Paris were a new historic step for many countries. Ireland and the
Philippines won the first Olympic gold medal in men's gymnastics, while Italy can be proud of
the same achievement in women's gymnastics. In rhythmic gymnastics, China in the group and
Germany in the individual event won their first Olympic gold medals. Great Britain also won its
first gold in trampolining. Gymnastics is spread across the globe, but we have missed out on some
good gymnasts for political reasons and also experienced some unfair moments.

Another step our journal has taken is that we have been accepted into the DOAJ base as they
recognize a journal that meets all their requirements.

Since October, our magazine has been presented on social networks such as X, Facebook and
Instagram. You are all welcome to participate and spread the published knowledge.

Flavio Bessi from the University of Freiburg (Germany) has once again organized a good
symposium on gymnastics. You can find his short report in the 'Letter to the editor' section.

Unfortunately, we still have problems with our reviewers, as many of them do not have the time
to review our submissions. | would like to appeal to you to help us in this matter. As a scientific
journal, we only have access to a limited number of researchers. Let us try together to remain a
part of the prominent scientific community in the Web of Science and SCOPUS!

This issue covers a broad spectrum of content. The authors come from Croatia, Serbia, the Czech
Republic, Greece, Spain, Portugal, Iran, Bosnia and Herzegovina, Germany and Brazil.

Anton Gajdos, together with Ivan Cuk XXXI, has prepared a short historical note in which the
world champion Peter Sumi, all-around champion of 1922 and 1926, is introduced.

Just a reminder: If you quote the magazine, its abbreviation in the Web of Knowledge is
SCI GYMN J.

Please note that our address is

https://journals.uni-lj.si/sgj

I hope you enjoy reading and wish you many new ideas for research projects and articles.

Ivan Cuk
Editor-in-Chief
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THEIR COACHES WITH LOST MOVE SYNDROME
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Abstract

This exploratory qualitative study explored the experience of Czech elite trampolinists and their
coaches with Lost Move Syndrome (LMS). Six in-depth semi-structured interviews were
conducted with three trampolinists (aged from 13 to 20 years) and their coaches (aged from 45
to 46 years with coaching experience ranging from 20 to 28 years). Statements were analysed
using interpretative phenomenological analysis. The results contributed to the mapping of this
essential but not well-described phenomenon in the literature, showing, in particular, the
significant variability in the perceived causes of LMS. Physical manifestations of LMS in
individual trampolinists were quite different. Fear and misunderstanding of LMS were common
psychological issues in all trampolinists. At the same time, there were significant differences
between the experience of LMS by trampolinists and their coaches. The most crucial factor for
understanding LMS appears to be personal experience with LMS. The results may be helpful for
coaches in practice or sports psychologists to understand trampolinist's experience of LMS
further.

Keywords: Lost Move Syndrome, Lost Skill Syndrome, trampoline jumping, interpretative
phenomenological analysis

INTRODUCTION

Lost Move Syndrome (LMS) remains a Brewer, 2020), dartitis in  darts
perplexing phenomenon, not only for (Przyborowski, 2023), target panic in
trampolinists and their coaches but also for archery (Prior & Coates, 2020; Rooke,
researchers (Heinen, Ghesneh, & Fink, 2023), and yips in golf (Adler et al., 2003;
2016). It is a psychological condition in Clarke, Sheffield, & Akehurst, 2015;
which an athlete is suddenly unable to Klampfl, Lobinger, & Raab, 2013). The term
perform a movement that was previously Lost Move Syndrome is commonly used in
automatic (Day, Thatcher, Greenlees, & relation to trampoline, gymnastics, and
Woods, 2006). This experience has affected diving (Bennett, Hays, Lindsay, Olusoga, &
elite athletes, such as double Olympic Maynard, 2015). The literature also
trampoline medalist Bryony Page and references an equivalent term, Lost Skill
gymnast Simone Biles. LMS can occur in Syndrome  (LSS). Additionally, this
various sports, including javelin throwing condition is sometimes called Temporary
(Collins, Morris, & Trower, 1999), as Skill Confusion, emphasizing its temporary
flikkikammo in artistic gymnastics and nature, suggesting it is a solvable problem

cheerleading (Maaranen, Van Raalte, &
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rather than a permanent loss of skill (Heinen
etal., 2016).

There are only a few studies
investigating trampolinists' experiences with
Lost Move Syndrome (LMS). Previous
research has explored the emotional,
cognitive, and physical components
associated with trampolinists' experiences of
LMS (Bennett, 2015). Some investigations
have linked LMS to the vyips, a
psychoneuromuscular  dysfunction  that
occurs during the execution of strokes in golf
putting (Smith et al., 2003). This research
has focused on the association between
personality traits—such as perfectionism,
rumination, and reinvestment—and the
occurrence of LMS or yips in athletes
(Bennett et al., 2016).

There is also no consensus among
researchers regarding the classification of
LMS. In the study by Silva (1994, as cited in
Day et al., 2006), LMS was classified as a
sports performance phobia, manifesting as a
fear of specific movements. Bennett,
Bickley, Vernon, Olusoga, and Maynard
(2017) suggested that, due to the emotional
experiences and coping mechanisms athletes
use to manage LMS, it shares similarities
with trauma-related disorders. Bennett and
Maynard (2017) further proposed that LMS
may be a form of anxiety disorder.

To the best of our knowledge, this is
likely the first study on this topic conducted
in Czechia. The research aimed to explore
the personal experiences of elite
trampolinists and their coaches with Lost
Move Syndrome (LMS). Specifically, we
focused on the components that accompany

the onset and progression of LMS, as well as
the protective and harmful factors that
influence the recovery process. The final
objective was to identify the strategies used
by trampolinists and their coaches to
mitigate the effects of LMS.

METHODS

Given the research aims, questions, and
the number of elite athletes with LMS
experience, a qualitative research design was
chosen. This was carried out through six in-
depth, semi-structured interviews, which
were analyzed using interpretative
phenomenological analysis. Participants
were recruited via purposive sampling. The
inclusion criteria for trampolinists in the
study were based on at least one of Tenn’s
(1995, as cited in Day et al., 2006) diagnostic
criteria for LMS: a) an inability to take off
for at least one somersault when previously
able, b) an inability to perform a somersault
with a specific degree of twist when
previously able, c) switching to a different
move midway through when previously able
to perform the desired move, or d) an
inability to land a particular move when
previously able. It was necessary that at least
one of these criteria had been met within the
last two years and was not the result of a
previous injury. The researcher assessed this
fulfilment based on observations during
training/competitions, reports from the
trampolinist’s coach, and self-reports from
the trampolinist. Thus, six participants were
included in the study, as shown in Table 1:

Table 1:

Information about participants
Trampolinist Gender Age  Length of sports Coach  Gender Age Length of coaching

training (in years) experience (in
years)

Participant 1 M 20 10 Coach 1 F 45 22
Participant 2 F 20 11 Coach2 M 46 > 20
Participant 3 F 13 9 Coach 3 F 46 28
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All  trampolinists had experience in
international competitions, and pseudonyms
were used to protect their identities. The
interviews ranged in length from 35 to 95
minutes. The analysis followed the
procedure outlined by Smith and Fieldsend
(2021). The process began with the
researcher’s personal reflection on the topic,
followed by a pilot interview, which was
later included in the data analysis. Each
interview was transcribed verbatim, and
descriptive notes were added to the text, with
in vivo coding applied multiple times. After
completing the first interview, the remaining
interviews followed the same process.

To ensure validity and trustworthiness,
another psychologist and the thesis
supervisor had access to the interviews and
field notes to maintain objectivity.

RESULTS

Data analysis was conducted separately
for the trampolinists and their coaches. In the
final stage, differences in the perception of
LMS experiences between the trampolinists
and their respective coaches were discussed.
Several main themes emerged from the

analysis: causes, manifestations, factors
influencing the course of LMS,
consequences, recovery strategies, and

sources of information (the latter applicable
only to coaches). Table 2 presents the
themes that emerged from the interviews.
Trampolinists:

There was considerable variability in
the perceived causes of LMS in
trampolinists. A common element among all
participants was that they were experiencing
a subjectively challenging period at the time
LMS developed. Participant 1 attributed the
causes to the sporting environment, citing
overtraining, technical errors in skill
execution, and changes in body center of
gravity due to physical activity. In contrast,
Participant 2 identified causes outside the
sporting environment, including a long
break from training due to COVID-19

restrictions, low self-esteem, and significant
life changes. Participant 3 mentioned a
diagnosis of crossed eye and hand laterality
by a psychologist, along with mental
overload from learning numerous new skills.
The manifestations of LMS were
categorized into physical and psychological.
The physical symptoms varied across
participants. Participant 1 unintentionally
performed three and three-quarter front flips
instead of a triple front flip, and the LMS
spread from one skill to others. Participant 2
experienced muscle stiffening, which
prevented her from initiating or executing
the affected skill properly, particularly
forward somersaults with twisting rotation.
She also reported tremors and chest tightness
before attempting the affected skills. For
Participant 3, the primary physical
manifestation was unintentional backflips.
The psychological manifestations were
predominantly linked to negative emotions.
Participant 1 was the only one to report a
positive emotion, describing joy at
encountering a new challenge. Common
psychological  reactions  across  all
trampolinists included fear and confusion:
"Mostly, I did not understand it... | thought
it was unfair. | was like, why, why me, why.
Like what I am, what I did..." (Participant 2).
The fear stemmed from a loss of control over
their bodies, the risk of injury, and concerns
that they might never overcome LMS,
potentially leading to the end of their athletic
careers. For Participant 3, the fear extended
to the sport itself, as she felt anxious just at
the mention of the training hall. Additional
psychological  manifestations  included
fatigue, anxiety, guilt toward the coach,
feelings of having a foreign body, issues
with backward rotation, and a sense of
disconnection between the brain and body:
"...like | had a foreign body, and my brain
was not cooperating with my body. I didn't
even know why it was happening. My body
felt like a stranger to me™ (Participant 3).
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Table 2:
Higher-order and lower-order themes from the interviews with trampolinists and coaches

Higher-order Lower-order Themes Lower-order Themes

Themes Trampolinists Coaches
Perceived Overtraining (P1) Change in body constitution (C1)
causes Technical error in skill (P1) Personality characteristics (C1, C3)
Change in centre of gravity (P1) Lack of rest (C1)
Many changes in life (P2) Environmental influences (C2)
Low self-esteem (P2) Weight Loss (C1)
Long pause (P2) Marijuana (C1)

Mental overload (P3)
Crossed eye and hand laterality
(P3)

Overthinking (C2)
Over-motivation (C2)
Overtraining (C3)

Pressure of difficulty (C3)
Physical (C1, C2, C3)
Psychological (C1, C2, C3)
Psychological in coaches (C2, C3)

Manifestations  Physical (P1, P2, P3)

Psychological (P1, P2, P3)

Factors Competitions (P1, P2) Stress (C1)
influencing Pressure to perform (P1) Pressure (C1)
LMS Fatigue (P2) Relationships (C1)
Stress (P2) Gender (C1)
Coacher's own experience (C2, C3)
Covid-19 (C2)
Self-confidence (C2)
Mood (C3)
Consequences  Negative (P1, P2, P3) Negative (C2)
Positive (P1, P2, P3) Positive (C1, C2, C3)
Recovering Nonfunctional (P1, P2, P3) Nonfunctional (C1, C2, C3)
strategies Functional (P1, P2, P3) Functional (C1, C2, C3)
Partially non/functional (P2, P3)  Partially non/functional (C1, C3)
Sources of Psychologist (C1)
information Internet (C1)

Other coaches (C1, C2, C3)
Note. P1 = Participant 1, P2 = Participant 2, P3 = Participant 3, C1 = Coach 1, C2 = Coach 2,
C3=Coach 3

Participants 1 and 2 identified
competitions, performance pressure, fatigue,
and stress as factors influencing LMS: "It is
possible that the atmosphere [in a

that the trampolinist might never fully regain
proficiency in the affected skill. As
Participant 2 expressed, "... but it just
symbolizes some sort of intrinsic value for

competition] is different, and the routine is
different, which completely eliminated the
manifestations of LMS for me..." (Participant
1).

Negative  consequences  included
decreased training confidence and self-
esteem, a negative impact on life, impaired
competition performance or complete
absence from competitions, and the feeling

me. Because when | have LMS, | feel like my
self-worth is lower."

Despite these challenges, the LMS
experience also highlighted the
trampolinists' strengths, such as discipline,
and taught them valuable skills, including
working with fear and improving
communication. Participants 2 and 3
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reported increased confidence in their ability
to handle future difficulties.

The strategies used to recover from or
minimize the manifestations of LMS were
categorized into three types: functional,
partially functional, and non-functional.
These strategies were tailored to address the
main symptoms of LMS and were
influenced by the coach's personality, the
training process, the social environment, and
other factors.

Neither Participant 1 nor Participant 2
found that additional training sessions
during the training camp were beneficial.
Participant 2’s non-functional strategies
were largely related to her social
environment—such as watching other
trampolinists in training who exhibited
different manifestations of LMS. A
prominent theme in Participant 2's interview
was a lack of understanding from her social
environment, especially from other coaches.
She felt that while the coaches intended to
help, their methods often exacerbated her
issues: "... | think all the coaches are trying
to help me, but they just don't know how.
Moreover, when they try to help, it
sometimes makes things worse for me."
(Participant 2). Participant 2 also felt very
uncomfortable training with another coach if
her own coach was absent.

For Participant 3, taking a month's
break from training proved
counterproductive, as she felt even more
fearful upon returning. She described her
experience: "... so | took like a month off,
thinking it might help, and then when | came
back, | was scared even to do a simple
straight jJump. I was like, 'l do even mind just
standing in the middle of the trampoline.”
(Participant 3).

For Participant 1 and Participant 2,
unlike Participant 3, taking a break was also
significant. Participant 1 took about a month
off around the time of the interview to
recharge for the new season. Participant 2
had a one-week break during LMS to rest
from the trampoline environment.

Each trampolinist adopted specific
training routines to address LMS. Participant

1 focused on performing more accessible
skills and returning to basics. Both
Participant 1 and Participant 2 used a foam
pit in their training, which allowed them to
practice affected skills without difficulty.
Participant 2, due to her fear of injury,
implemented strategies to ensure safety. She
used throwing mats, placed catchers on
either side of the trampoline, and relied on
hand-catching assistance directly from the
coach. Concentration techniques and
visualizing a white wall with no thoughts
also helped her.

Participant 3 employed various aids on
the trampoline, such as colored wheels
(about the size of a table setting) and
different spotting blocks. She found
visualizations particularly  helpful  for
managing fear. Before each workout, she
mentally chased away the "monster” that
represented her fear.

Participant 2 worked with psychologists
during her experience with LMS. She felt
that while the psychologists helped her
understand LMS, they were unable to
eliminate the symptoms. Participant 3 also
benefited from working with psychologists,
finding their exercises helpful. However, she
felt that sorting things out in her own mind
was more effective. Social support was
another crucial factor for her. The
encouragement from her family was
particularly positive, especially during
breaks from jumping when her family
engaged in other sports activities with her.
Conversely, she was negatively influenced
by other team members and the competition
environment.

Coaches:

The development of LMS was
perceived by the coaches as the result of a
range of significant internal and external
influences. They also noted causes related to
past experiences with other trampolinists.
Coach 1 mentioned factors such as changes
in physical constitution, lack of rest, and
marijuana use as potential causes for LMS.
She also suggested a possible link between
weight loss in adolescent girls and resulting

Science of Gymnastics Journal

381

Science of Gymnastics Journal



Novotna & Buresova: THE EXPERIENCE OF LOST MOVE SYNDROME

Vol. 16, Issue 3: 377-386

energy deficits. Coach 2 identified causes
that were primarily external to the sporting
environment. These included personal life
changes for the trampolinist, such as a
change of school or parental divorce, and
external pressures from the surrounding
environment. Over-motivation by both the
trampolinist and the coach, as well as
pressure related to the difficulty of routines
and specific personality traits, were also
mentioned as contributing factors.

Coach 1 reported physical
manifestations similar to those described by
Participant 1. However, the manifestations
reported by Coach 2 and Coach 3 differed
from those experienced by the trampolinists.
Coach 2 observed behaviors such as reduced
jumping and stopping before attempting the
affected elements. Coach 3 believed she
recognized the early signs of LMS before
Participant 3 was aware of them. According
to Coach 3, Participant 3 struggled to fully
bounce into the skills and began to break
down into simpler skills. Over time,
Participant 3's condition deteriorated to the
point where she could not stand on the
trampoline without experiencing negative
emotions.

In addition to the physical
manifestations, the coaches noted several
psychological symptoms observed in the
trampolinists. These included loss of
interest, negative emotions such as anger,
sadness, fear, frustration, and helplessness,
as well as feelings of misunderstanding,
underestimation, and fatigue.

For Coach 1 and Coach 3,
psychological manifestations also emerged
as a theme. Coach 1 experienced inner
restlessness and a fear of injury during
training, which she attempted to conceal.
Coach 3 felt peer pressure stemming from
the expectation to assist Participant 3
effectively.  Additionally,  Coach 3
experienced regret and occasional guilt
regarding the training practices she had
implemented: "I would even say at one point
| felt guilt about it. Yeah, to the point where
I was like, ‘What do they [the trampolinist’s
parents] think? Am [ to blame? We're

struggling because | chose some bad
training practices."”

An important factor was the coaches'
own experience with LMS. Two coaches
shared that this experience led to a deeper
understanding of the trampolinists. Coach 2
stated, "l would say that really, if you haven't
experienced it, you can't fully pinpoint or
explain the feeling. It's something that
someone who hasn't gone through it might
not completely understand.” Similarly,
Coach 3 remarked, "Many coaches who
haven't experienced it personally struggle to
understand how challenging it is. They can't
grasp the full extent of the difficulty."”

Both coaches felt that the LMS
experience was non-transferable and
challenging to explain. They also mentioned
factors such as stress, pressure, interpersonal
relationships, and the mood with which a
trampolinist arrives at training sessions.

Participant 2's exclusion from the
Czech national team was the only negative
consequence mentioned by the coaches.
However, the positive consequences of LMS
were notable and can be categorized into
those affecting the coach-trampolinist
relationship and those affecting only the
coach.

For the coach-trampolinist relationship,
a strong friendship developed between
Participant 1 and his coach. Coach 2
experienced improved open communication,
while Coach 3 felt a deepening of mutual
trust.

The LMS experience was significant for
the coaches individually as well. Coach 3
gained insight into the complexity of
working with individuals experiencing
LMS, understanding that there is no one-
size-fits-all approach.

Most strategies used to recover from
LMS were classified as functional or non-
functional; some could not be clearly
categorized. Coaches described both
strategies employed by the trampolinists and
those used by the coaches themselves during
training sessions.

Coach 1 identified listening to what the
trampolinist wanted to jump, rather than
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following a structured training plan, as a
non-functional strategy. Coach 2 noted that
it was counterproductive for the trampolinist
to attempt the affected skills at every training
session, as this could exacerbate frustration
from repeated failures. Coach 3 found it
dysfunctional to create pressure on
Participant 3 and to be overly directive in her
training approach. Another dysfunctional
strategy involved downplaying the LMS
symptoms and neglecting the trampolinist's
feelings: "Just not paying any attention to it,
downplaying or simplifying the problem did
not work. Saying things like 'It's going to be
okay, come on," without addressing feelings
at all, was a poor approach.” (Coach 3)

Coach 1's strategy included
communicating with the trampolinist outside
of training sessions and ensuring that
Participant 1 felt comfortable during
training. Coach 3 found group training
sessions to be preferable to individual ones,
as they provided support from other team
members. Other strategies employed were
methodical skill progression, approaching
the affected skill from a new perspective,
explaining instructions differently, and using
trampoline aids. Coach 2 observed that
Participant 2 motivated herself with small
things, such as buying a new leotard.
Additionally, Coach 2 recommended that
Participant 1 take two breaks from training
during the LMS period, both of which were
reported to be beneficial. However, the
symptoms of LMS did not disappear after
either break.

Source of information

All three coaches agreed that discussing
LMS with other coaches is a valuable source
of information. Coach 2 observed that LMS
is frequently discussed at competitions,
workshops, and other events. However, it is
often concluded that LMS has various
causes and manifestations, making it
challenging to identify a single recovery
method. Coach 3, on the other hand, felt that
LMS is an under-discussed topic among
coaches, despite its common occurrence.
Coach 1 also used the internet and consulted

with a psychologist as additional sources of
information.

In general, the perceived causes of LMS
are similar across the two trampolinist-coach
pairs. However, significant discrepancies
emerged between the trampolinists’
experiences of LMS and the coaches'
perceptions of these manifestations. Coaches
tended to focus more on obvious physical
symptoms (e.g., low jumps), while athletes
described their internal feelings (e.g., muscle
stiffness, inability to move, chest tightness).
Additionally, trampolinists reported more
negative consequences of LMS than their
coaches did. This discrepancy could suggest
that coaches may be underestimating the
severity of LMS's impact on athletes.

DISCUSSION

The results of the interpretative
phenomenological analysis highlight the
varied causes perceived by both
trampolinists and their coaches. While the
literature generally classifies LMS as a
psychological condition (Day et al., 2006),
this research reveals that physical factors—
such as changes in the body's center of
gravity or overall changes in body
constitution due to growth or physical
activity—are also identified as causes by
trampolinists and coaches. Statements from
both groups make it challenging to
distinguish whether these factors are causes
of LMS or manifestations of it. For instance,
it is unclear whether excessive fatigue
results from overtraining syndrome and thus
contributes to LMS, or if it is a manifestation
of LMS itself.

The causes, manifestations, and
progression of LMS varied widely among
participants. Although all three trampolinists
met the diagnostic criteria for LMS, the
physical manifestations experienced were
quite distinct for each individual.

Consistent with Bennett et al.'s (2015)
research, fear was identified as the most
common psychological manifestation of
LMS among trampolinists in our study. The
literature does not reach a consensus on
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whether this fear is specifically related to the
risk of injury. In our study, Participant 2
explicitly described a fear of injury, while
Participant 1 perceived danger from
situations that could potentially lead to
injury. This aligns with Day et al.'s (2006)
research, which highlighted pressure from
upcoming competitions as a significant
source of stress.

The results suggest that personal
experience with LMS is a crucial factor in
understanding  the  condition.  Both
trampolinists and coaches who have
experienced LMS firsthand believe in the
non-transferability of this experience.
Coaches with personal LMS experience
might interpret their mentee's situation
through the lens of their own experience.
However, the manifestations of LMS can
vary significantly, meaning that even with
similar experiences, the perception of LMS
may differ between coaches and
trampolinists. Nonetheless, having personal
experience with LMS contributes to a deeper
understanding of trampolinists' challenges
with the condition.

The analysis results suggest a potential
issue with the involvement of psychologists
in trampoline jumping. Cooperation with
Participant 2 was significantly impacted by
the psychologist’s unfamiliarity with the
trampoline environment. This highlights the
previously noted need for psychologists to
understand the specific context and demands
of a sport to effectively collaborate with
athletes (Williams, Butt, & Kavanagh,
2023).

There were disagreements among
participants regarding communication about
LMS. Coach 2 felt that the topic of LMS was
sufficiently addressed. In contrast, Coaches
1 and 3 consistently believed that it did not
receive enough attention. According to our
participants, some coaches deny the
existence of LMS. It was also noted in the
interviews that excessive communication
about LMS might lead to overthinking,
potentially exacerbating the condition. This
aligns with Bennett et al.'s (2016) findings
that trampolinists with higher rumination

scores have a higher prevalence of LMS.
The suggestion that overthinking might
contribute to LMS indicates that some
coaches are implicitly aware of the increased
likelihood of LMS in athletes who ruminate
more. However, this knowledge seems to be
based on experience rather than formal
understanding.

The mechanism of LMS development is
not well described in the literature, nor is it
widely  understood in the  sports
environment. This is evident from the lack of
emphasis placed on the initial manifestations
of LMS by the trampolinists interviewed in
this study. Overall, there appears to be a
scarcity of scientific literature on LMS,
leading coaches to rely on peer experiences
and the insights of other coaches to form
their understanding of the condition.

A limitation of this study is the small
number of participants, which means the
findings cannot be considered theoretically
saturated. Including additional trampolinists
and coaches would likely yield more
comprehensive results. Another limitation is

the significant age difference among
participants, particularly among
trampolinists.  Different  developmental

stages (e.g., psychomotor, physical, and
psychological development) and the varying
influence of parents or peer groups may
affect the emergence and development of
LMS.

Additionally, the study's focus on
subjective experiences may introduce biases,
either conscious or unconscious, in
participants' responses. Based on the
researcher's observations, LMS
manifestations also occur during
competitions, although at least one
participant did not acknowledge this in their
interview. The time elapsed between the
interview and the LMS experience might
also affect the accuracy of the participants'
recollections, though it could also allow for
a more reflective perspective on the intense
emotional experience of LMS. Lastly, the
researcher’s limited experience with semi-
structured interviews and the chosen method
of data analysis are also notable limitations.
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CONCLUSION

Our results reveal significant variability
in both the manifestations and perceived
causes of Lost Move Syndrome (LMS)
among trampolinists. The experience of
LMS is notably challenging for
trampolinists, primarily due to its severe
psychological impact. There are distinct
differences in how trampolinists and their
coaches perceive LMS, with personal

experience being a crucial factor in
understanding the condition.
Misunderstandings or perceived
misunderstandings  from  the  social

environment emerged as a central theme in
the interviews.

These findings provide a foundation for
future research on LMS. Exploring mental
blocks across various sports could offer
valuable insights and potentially improve
our approach to LMS and other related
psychological challenges. The insights
gained from this exploratory study may also
assist coaches and sports psychologists in
better understanding and addressing the
experiences of trampolinists dealing with
LMS.
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Abstract

Who judges the gymnastics judges? How do we measure their accuracy and concordance? How
do we know if the judging process is fair? The superior jury has this responsibility. However, they
normally lack time to provide effective feedback during competitions.

Using macro functions to process statistical and mathematical statements, we designed and
validated an automated Excel-based tool called the Automatic Acrobatic Gymnastics Judges
Individual Report Tool to evaluate judges’ performances quickly and easily during competition,
automatically creating and exporting individual reports showing each judge'’s accuracy and
concordance performance on a daily basis, rather than after the competition is ended.

We present empirical data for 76 experienced international judges evaluating acrobatic
gymnastics routines in four major official events. A total of 1240 individual reports were analyzed
and sent confidentially to the judges during the competition, and 952 were analyzed to evaluate
whether this feedback was effective in improving judges’ performance during the competition.
The tool provides efficient and easily understood evidence-based feedback on acrobatic
gymnastics judges’ performance during competition, quickly and automatically creating,
analyzing and sending individualized information to judges, thus helping with specific Technical
Committee scoring control tasks during competitions. We suggest that judges' performances
remain high or are enhanced after receiving daily evaluation during major competition events.

Keywords: Excel-based tool, Acrobatic Gymnastic, Judges, Evaluation, ACROAJIR®

INTRODUCTION

Judges are often criticized and Gymnastics judges must observe and assess
sometimes undervalued in sports. In the quality of performances, often
subjectively assessed sports, judges may processing large amounts of information
collude, giving higher scores to their own (Dosseville et al., 2014). Their scores can be
athletes and lower scores to others. To influenced by factors such as their viewing
prevent this, federations implement various position (Dallas et al., 2011; Plessner &
strategies, such as automatically eliminating Schallies, 2005), serial position bias
the highest and lowest scores or involving a (Plessner & Schallies, 2005; Fasold et al.,
referee judge (Gambarelli et al., 2012). 2012; De Bruin, 2005), conformity bias
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(Auweele et al., 2004; Boen et al., 2006,
2008, 2013), or the performance of the
preceding gymnast (Damisch et al., 2006;
Kramer, 2017).

Knowledge, experience, and
psychological factors such as attention,
emotion  recognition, and  possible

interventions may reduce judges' biases or
stress, helping to avoid scoring mistakes
(Flessas et al., 2015; Ste-Marie, 2000; Van
Bokhorst et al., 2016). These factors can
influence the outcome in sports where
scoring and ranking depend on subjective
evaluations. Gymnastics judges'
performance can vary widely, but who
judges the judges? Typically, other judges
form a superior jury, whose evaluations
occur post-competition. Some research has
examined judges’ overall performance in
terms of reliability or concordance after
events (Bucar et al., 2012; Leon-Prados &
Jemni, 2022; Leskosek et al., 2018; Mercier
& Heiniger, 2018; Premel¢ et al., 2019);
however, none has focused on judges’ work
during competitions on a day-to-day basis.

Such evaluation requires careful
monitoring of judges' accuracy and
concordance, which demands significant
time and effort at the end of each
competition day. In real events, this can be
challenging, as judges are often fatigued,
and statistical and mathematical expertise is
needed for these evaluations.

The FIG, in collaboration with
Longines and the Université de Neuchatel,
designed and implemented the Judge
Evaluation Program (JEP) for five
gymnastics disciplines: Artistic, Acrobatic,
Aerobic, Rhythmic  Gymnastics, and
Trampoline. This program analyzed the
marks given by execution judges at
international competitions during the 2013—
2016 Olympic cycle (Heiniger & Mercier,
2021; Heiniger & Mercier, 2018; Mercier &
Heiniger, 2018; Mercier & Klahn, 2017).
The authors claimed that the JEP helps to
ensure judges’ objectivity during gymnastics
competitions, allowing for post-competition
analysis and an overall evaluation of judges
by the respective Technical Committees

(TCs). This post-competition control can be
applied in competitions where the use of
IRCOS (Instant Replay & Control System)
is mandatory (FIG, 2020). Judges’ scores
must demonstrate accuracy, precision,
consistency, and the absence of bias. The
JEP  evaluates  gymnastics  judges’
performance compared to their peers,
distinguishing between erratic and precise
judges and detecting potential cheating or
unintentional misjudging.

Since its inception in 2006, the JEP has
evolved iteratively, although earlier versions
were criticized for using unsound and
inaccurate mathematical tools that didn’t
always evaluate what was intended.
However, a new core statistical engine
introduced in the 2013-2016 Olympic cycle
provided more reliable feedback to judges
and executive committees (Mercier &
Heiniger, 2018). The FIG typically derives
control scores using external judging panels
and post-competition video reviews. This
post-competition control establishes expert
scores (considered “true scores") against
which judges’ scores are compared, ensuring
evaluation on the fairest possible basis.
Expert scores are provided by TC members,
who individually assess each exercise (FIG,
2015).

However, previous studies have not
clarified whether judges received their
individual results after competitions or if
they were given specific feedback on their
performance during each session within
competition days. The FIG has encouraged
continental committees and national
federations to adopt a similar system for
their own events, which inspired our
research (FIG, 2020).

How could we obtain this type of
information about judges’ performance in
Acrobatic Gymnastics (ACRO) during real
competitions? Could rapid daily feedback
improve judges' performance and lead to
fairer, more precise judging? Currently, in
the absence of more objective feedback,
judges rely on the only available in-
competition feedback—the final trimmed
mean execution and artistic score displayed
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on the scoreboard. The scores from the in-
competition control panel remain unknown
to the judges, even after the competition
ends.

This study developed and implemented
the Automatic Acrobatic Gymnastics Judges
Individual Report Tool (ACROAJIR®)
(Leon-Prados & Rosales, 2019) as a
pedagogical tool to evaluate ACRO judges'
performance in  real-time, providing
objective feedback on their work and
potential judging impacts.

METHODS

This study had two goals: a) The
ACROAIJIR® design; and b) its practical
application with judges in real events.

The ACROAJIR® Design

All the official Execution (E) and
Artistic  (A) scores were collected
confidentially and were provided by
SmartScoring, the European Gymnastics
exclusive results service provider (Baku,
Azerbaijan).

Control scores validity. Looking for the true
score

In practice, true performance level is
unknown and we must work with
approximations. In our study, we assumed
that the highest category judges in the
Superior Jury who provide the Technical or
Artistic Control Scores (E/A C-Score),
represented the “truer score” when they
judged a competitive routine, compared to
lower-level judges.

We proposed a model with two key
considerations: 1) the Superior Jury’s scores
are considered more representative of the
performance, and individual judges’
deviations from the overall judging panel
define their performance level; and 2) the
model is based on the pre-defined tolerances
established by the FIG for judges’ reference
(FIG, 2017). If the scores for a routine fall

outside this pre-defined deviation among the
control judges, they must re-judge the
routine using video recordings. This process
could yield scores closer to the "true score"
and provide better feedback on judges’
performance. Control scores can only be
adjusted if the deviation between scores
exceeds the allowed tolerance.

The "true score” is determined by the
E/A C-Score, averaging three E/A C-scores:
two expert judges’ scores from the Superior
Jury, plus the Chair Judge’s score from the
judging panel. All three expert scores for
each E- and A-C score must fall within the
allowed deviation. To ensure this, we used
the coefficient of variation (CV), where CV
= (Standard Deviation / Mean) * 100. The
CV takes into account the weighting
variable, as judges are generally more
accurate when assessing higher-quality
performances than lower-quality ones
(Mercier & Heiniger, 2018). Since judging
variation increases as scores decrease, the
allowed inter-judge deviation thresholds
increase with the number of deductions.

This means that the same absolute
deviation between judges results in a higher
dispersion when lower penalties are applied.
In our model, when the average total
deductions are less than 1 (resulting in a
score of 9 or higher), a higher CV doesn’t
necessarily indicate high variability, and a
more accurate measure of score variability
can be obtained from the classification rate,
based on total deductions from a maximum
of 10 points. We established different
acceptable CVs for each 0.5 deduction from
10 points, all within the allowed deviation
for each score range (Table 1).

In the ACROAJIR® Excel tool, a
"control scores validity macro” was
implemented to process all mathematical
calculations and quickly detect significant
differences between control judges’ scores.
When the difference between control judges
exceeds a specific threshold, a video review
becomes compulsory to redefine the true
score accurately.
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Table 1.

Examples of cases of control scores allowed (case A) and not allowed (case B), with the least differences between them, to check the acceptability
of the control score as the "true score" for each range of scores. The grey boxes provide an example of a non-allowed control judge score,
according to the allowed deviations for each range of scores. The same criteria could be applied to artistic scores.

Routine range scores  10.0t0 9.5 9.4991t09.0 8.999 t0 8.5 8.499 10 8.0 7.999t07.5 7.499106.5

Maximum inter-score deviation 0.1 0.2 0.3 0.4 05 0.6
allowed/range score

Case examples Case A Case B Case A Case B Case A Case B Case A Case B Case A Case B Case A Case B

SJ-Elscore 9.8 9.8 9.3 9.3 8.9 8.9 8.5 8.5 7.9 7.9 7.4 7.4
SJ-E2score 9.8 9.8 9.3 9.3 8.9 8.9 8.5 8.5 7.9 7.9 7.4 7.4
CJP-E3score 9.7 9.6 9.1 9.0 8.6 8.5 8.1 8.0 7.4 7.3 6.9 6.8

Average E control score 9.767 9.733 9.233 9.200 8.800 8.767 8.367 8333 7.733 7.700 7.233 7.200
Maximum inter-score deviation 0.1 0.2 0.2 0.3 0.3 0.4 0.4 0.5 0.5 0.6 0.5 0.6
Total SJ-Elpenalties 0.2 0.2 0.7 0.7 1.1 1.1 1.5 15 2.1 2.1 2.6 2.6
Total SJ-E2 penalties 0.2 0.2 0.7 0.7 1.1 1.1 1.5 1.5 2.1 2.1 2.6 2.6
Total CJP-E3 penalties 0.3 0.4 0.9 1.0 1.4 1.5 1.9 2 2.6 2.7 3.1 3.2

Average control E penalty 0.233 0.267 0.767 0.800 1.200 1.233 1.633 1667 2267 2300 2767 2.800
relative change with only 0.1 point
differences according to previous Case 12.5% 4.2% 2.7% 2.0% 1.4% 1.2%
A (see shaded scores)
PenaltiesCV (%) 247 433 151 217 144 187 141 173 127 151 104 124
Maximum CV allowed for the Inter-
judges' deductions for each range (%) 25 165 15 14.5 135 125

Action required with regard to scores Check Check Check Check Check Check
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Each routine was judged on its
execution (E) and artistic merit (A),
evaluated by a randomized pool of judges.
Accuracy was measured as the deviation of
a judge's E- and A-scores from the respective
E- and A-control scores. Bias (integrity) was
assessed by examining the rankings assigned
by a judge for the exercises in a single round
and across the entire competition.
Consistency was evaluated by identifying
unusual changes in the standard of marks
given for the exercises (FIG, 2020). Paired
panel and control scores were used to assess
score accuracy (quantitative) and association
concordance (ranking), for quantitative and
qualitative evaluation, respectively.Lin’s
Concordance  Correlation  Coefficient
(LCCC) was used to measure the accuracy
or concordance between each judge's score
(Y) and the “true score” provided by the
Control score (X) to quantify the agreement
between these two measures) for the same
gymnastic routine (Akoglu, 2018; Lin, 1989;
McBride, 2005). The LCCC formula was as
follows:

2Syy
SE+ S5+ (x —y)?
where S, is the covariance, S 2 is the

variance and X and y are the means for x and
y raters,

1 _ 1
SZ = - O — x)?, 53% = i —

— 1 — _
7)? and Sy = 230, (x; — %) (i — 7)

Pc

Strength-of-agreement criteria for Lin’s
concordance correlations coefficient were
proposed as follows: <0.99 Almost Perfect,
0.95 to 0.99 Substantial, 0.90 to 0.95
Moderate and <0.90 Poor (McBride, 2005).
However, for real competition, an acceptable
range of deviation between judges’ scores is
defined in Table 2.

This difference varies depending on the
level of the competitive routine and is
determined by the number of penalties
awarded for technical and artistic errors. We
assumed that the interpretation of correlation
coefficients varies significantly across
research areas. In gymnastics evaluation,
due to potential inter-judge variability,

particularly when penalties are greater, we
proposed an interpretation closer to
Altman’s, suggesting that the strength-of-
agreement criteria for Lin's concordance
should be aligned with other correlation
coefficients, such as Pearson's, where < 0.2
is considered poor and > 0.8 is excellent
(Akoglu, 2018).

For ACROAIJIR®'s assessment of
acrobatic gymnastics judges’ performance,
we defined Lin's concordance qualitative
ranking criteria as: < 0.95 Excellent; 0.8 to
0.9499 Very Good; 0.7 to 0.7999 Good; 0.6
to 0.6999 Satisfactory; 0.5 to 0.5999 Poor;
and less than 0.5 Very Poor. Additionally,
we needed to measure the extent to which
judges rank gymnastics routines in the
correct order. Concordance and accuracy are
crucial, and while small inter-score
differences may be acceptable, the most
important factor is ensuring that the final
ranking is fair. To calculate judges' integrity,
we used the strength of association between
the judge and control rankings for each
routine, applying the Kendall Concordance
Coefficient (W).

Kendall’s W, which includes the
presence of ties, was calculated as follows
(Kendall & Babington-Smith, 1939; Wallis,
1939):

w

12-S
mZ(n® —m) —m- 37 T
where m = number of raters, n = number of
evaluated routines,
S= Z?=1(Ri - R)za

being R; the sum of the ranges of the scores
given by m evaluators to the ith subject and
R is the arithmetic mean of the Ri,i=1,...,
n.

Ty = X2, (8 —t),
assigns the average of the rankings to the tied
observation, where t i is the number of tied
values in the i-th grouping of ties, and gj is
the number of tie groups in the j-th set of
hierarchies, j=1, ..., m.

Kendall’s W values lie between 0 and 1,
where 0 indicates the absence of agreement,
and 1 represents total agreement. A high
Kendall’s W indicates that judges are likely
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to apply the same standards when evaluating
the same competitive routines. As all
switched ranking positions don’t have the
same relevance, the ranking swap costs vary.
We proposed different Kendall’s W
reduction coefficients, according to the
relevance of Judge and Control ranking
positions being switched. When the
relevance of the changed position increases,
the coefficient that multiplies the value of
Kendall's W decreases, and thus decreases
the degree of agreement between judge and
control. The different Kendall’s W reduction
coefficients are defined as follows: 0.7, 0.6,
0.8, 0.65, 0.82 and 0.75 when switching the
1vs3, 1vs4, 2vs3, 2vs4, 3vs4 and 3vs5 or
more ranked positions, respectively.

To evaluate the qualitative ranking
criteria for judges’ performance, the final
Kendall’s W values were classified as
follows: <0.95 excellent; 0.9 to 0.9499 very
good; 0.8 to 0.8999 good; 0.7 to 0.7999
satisfactory; and 0.6 or less very poor.

These formulas were integrated into the
ACROAIJIR® spreadsheet, and a second
macro function called "AJIR-macro" was
developed. This macro wused all the
previously collected official E- and A-
individual judges' scores, along with the
revised control scores, to automatically and
individually check all the predefined
statistical and mathematical criteria. It was
implemented to automatically analyze,
generate, and export all the information
presented in each individual report.

For each competitor and competition
session, the report provides information
about the execution or artistic score, the
ranking assigned by each judge, and its
relationship to the Control-and-Panel score
and ranking, presented both numerically and
graphically. If a judge's score deviation for a
particular country exceeds the limit allowed
by the FIG, a yellow alert is automatically
displayed under the affected country in the
score graph. If this difference impacts the
rankings according to the criteria outlined in

Table 1 and Table 2, the same yellow alert
principle is applied.

The bias score compares a judge’s score
for their own country with the equivalent
control score. If the judge-vs-control score
or ranking deviation is more favorable to the
judge's country than the defined allowable
deviation, the score or ranking bias box will
display a red alert. A quantitative and
qualitative individual score and ranking
evaluation was also included, using LCCC
and Kendall's W values, to provide quick
and understandable feedback on judges'
performance.

Finally, the report presents a summary
of all four E/A judges' panel evaluations.
The ACROAJIR® "AJIR-macro™ processes
all the statistical and mathematical data to
create and name each individual report. All
data analysis was performed using an Excel
spreadsheet (Microsoft, version 365-2019,
us).

We collected data from 76 experienced
international acrobatic gymnastics judges,
who officiated at four official events during
the 2017-2022 Olympic cycle: the 10th and
11th European Age Group Acrobatic
Gymnastics Competitions (EAGC) and the
29th and 30th European Acrobatic
Gymnastics Championships (ECh) held in
2019 and 2021, respectively.

To evaluate whether daily feedback on
each judge’s results improved their
subsequent performance (in terms of
accuracy and agreement with control scores)
as the event progressed, each competition
was divided into two parts. The first part was
completed when either all judges had judged
at least once or half of the competitive
session had been finished. The second part
encompassed all remaining competitive
sessions.  Judges evaluated  routines
approximately 3.25 + 0.7 times in the EAGC
and 4.05 + 0.8 times in the ECh during each
part. Each judge was evaluated at least once
in each part.
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Table 2.

Score and Ranking evaluation criteria defined between judges and control rankings. Higher
differences generate a red or yellow highlighted alert.

Score evaluation criteria

Control score between

Allowed deviation

min max judge vs Control
9.5 10.00 0.1
8.7 9.499 0.2
8.0 8.699 0.3
7.0 7.999 0,4
6.0 6.999 0.5
5.0 5.999 0.7
0.0 4.999 1.0

Ranking evaluation criteria

Ranking positions

Ranking differences between

intervals control and judge's rRanking

1st and 2™ Oorl
If the control score between 1% and 2" place is greater than or equal to
0.1 point, then the difference in ranking with the control scores can be
1 place.

3rd and 4th 1

5to 8th 2

9 to 12th 3

12th or more 4

Only competitive sessions with 6 or
more competitors were used to assess judges
to avoid small differences in scores causing
large disparities in rankings and potentially
resulting in unfair evaluations. With 6 or
more competitors, the validity of the judges'
evaluations improves. Since the final
competition in the second part of EAGC
events could only be assessed by higher-
category judges, which might act as a
confounding variable, we only included the
qualification routines for EAGC. For the
ECh event, both qualification and final
competitive routines were included.

The intervention was designed to
minimize significant inconsistencies in
judging from one day or group to the next.
Such inconsistencies were largely reduced,
except for individual finals at ECh (balance
or dynamic exercises). In these cases, it
would require that the same judge be

selected for the same role after a random
draw. It is impossible for a judge to act in the
same role for the same routine they had
judged in qualifications at the EAGC, and it
is limited to a pool of a few high-category
judges at the ECh.

The independent variable was the
performance in two parts of each
competition event, while the dependent
variables were changes in score accuracy
and ranking concordance. Individual reports
were sent after the completion of the 10th
EAGC and 29th ECh events, without daily
feedback conditions (NFBC). In contrast, for
the 11th EAGC and 30th ECh events,
individual reports were provided daily,
within a maximum of 12 hours after the end
of each competition day and before the next
day’s session began, under daily feedback
conditions (FBC). We compared a total of
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953 reports: 272 from the EAGC and 680
from the ECh competitions.

Daily, after each competition, the
control jury received all scores and validated
their own accuracy in judging. The control
scores validity macro quickly identified any
significant differences between individual
control judges' scores for all evaluated
sessions. If significant differences were
detected, the affected competitive routine
was re-judged using video recordings at the
end of each day’s last competitive session to
provide a more reliable true score within the
defined deviation.

Once all control judges' scores were
finalized, paired judge-and-control scores
were obtained for accuracy (scores) and
concordance (ranking) using the AJIR
macro, which generated an individual report
for each judge. A total of 1280 reports were
created and sent confidentially. The
computer used for this analysis was a
Microsoft Surface Pro 7, 12.3" (Intel Core
i5-1035G4, 8GB RAM, 256GB SSD,
Microsoft, Redmond, USA). To analyze the
effects of judging performance, we
compared judges’ performances between the
first and second parts of each event, noting
that daily evaluation reports were provided
only for the 11th EAGC and 30th ECh
events.

Standard statistical methods were used
to calculate means and confidence intervals
for accuracy and consistency, as previously
defined. The Kolmogorov-Smirnov and
Levene tests assessed normality and
homogeneity of sample distributions. Data
were analyzed using parametric or non-
parametric tests based on these results.

Since each judging panel was drawn
randomly, an unpaired t-test was used to
evaluate the effects of prospective judging
quality between the first and second parts of
each event. Significance was  set
at P<0.05P<0.05. All analyses were
conducted using SPSS software version 23.0
(SPSS, Chicago, IL).

RESULTS

Figure 1 illustrates the effects of
prospective judging performance between
the first and second parts of each event.
Inter-judge performance was significantly
higher in the 2021 (FBC) compared to the
2019 (NFBC) European ACRO events, with
score accuracy improving from 0.75 + 0.14
to 0.78 = 0.15 (p = 0.044) and ranking
concordance improving from 0.80 &+ 0.13 to
0.82 = 0.14 (p = 0.007). Judges' ranking
concordance significantly improved when
daily evaluations were provided (0.82 +0.13
vs 0.77 = 0.19; p = 0.000), while score
accuracy improved but not significantly
(0.75+£0.16 vs 0.76 + 0.17; p = 0.305).

Within events, judges' overall accuracy
was significantly better in qualification
competitions at the 11th EAGC compared to
the 10th EAGC (0.76 = 0.11 vs 0.80 + 0.11;
p = 0.007), with 160 vs 192 AJIRs,
respectively. Judges' performance in ranking
concordance significantly improved in the
30th ECh compared to the 29th ECh (0.76 +
0.21 vs 0.82 £0.14; p=0.007), with 368 and
320 AJIRs, respectively.

Comparing judging of execution and
artistic performance in the first and second
parts of competition events, the 10th EAGC
(NFBC) showed a significant reduction in
score accuracy differences for execution in
the second part (0.80 = 0.073 vs 0.72 + 0.18;
p = 0.013). Although judges’ ranking
concordance was lower in the second part
(0.84 + 0.10 vs 0.82 = 0.13; p = 0.446), the
difference was not significant. For artistic
performance, there was no significant
reduction in score accuracy differences in
the second part (0.74 = 0.10 vs 0.70 + 0.15;
p = 0.221), but there was a significant
reduction in  ranking  concordance
differences (0.77 £ 0.13 vs 0.70 £ 0.06; p =
0.039).

For the 29th ECh (NFBC), no
significant differences in judges' accuracy
for execution and artistic performance were
found between the first and second parts of
the competition. However, there was a
significant reduction in judges’ ranking
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concordance in the second part for execution
(0.83 +0.15 vs 0.75 + 0.27; p = 0.027) and
artistic performance (0.76 + 0.12 vs 0.71 +
0.25; p = 0.043).

In the FBC, at the 11th EAGC, judges’
concordance for both artistic and execution
scores improved in the second part of the
competition for accuracy and ranking, with
significant differences observed only for
execution accuracy (0.83 = 0.13 vs 0.70 +
0.07; p =0.017). At the 30th ECh (FBC), the

A

272 reports for Qualifications sessions with 6

or more competitive units

only significant increase in judges’ score
accuracy was for artistic performance (0.63
+0.23 vs 0.73 £ 0.18; p = 0.005).

A total of 1280 individual reports were
created and analyzed at the end of each
competition day, but only 640 were sent
confidentially for the 2021 events. For easier
understanding by the judges, the accuracy
and concordance values in the individual
reports were multiplied by 100 (Figure 2).

B
680 reports for Qualifications and Finals
sessions with 6 or more competitive units

10thEAGC 11thEAGC 29thECH 30thECH
1.0 "
%
09 g ...... -T o
0.8 &
% 1 2
0.7 =
# >
0.6 Z
g 05 3
= 10 9
0.9 4 N
0.8 I .......... ' =
'n.,... L) < d
0.7 4
06 i e
0.5
Ist 2nd 1st 2nd 1st 2nd 1st 2nd
Part Part Part Part Part Part Part Part

Figure 1. Mean and 95% confidence intervals for score accuracy (bold line) and ranking (dashed
line) judges’ evaluations for artistic performance or execution in the first and second parts of
EAGC (A) and ECh (B) events (* p<0.05 score significant differences; # p<0.05 ranking

significant differences).

Science of Gymnastics Journal

395

Science of Gymnastics Journal



Leon-Prados & Ramos: DAILY EVALUATION FOR ACROBATIC GYMNASTICS JUDGES Vol. 16, Issue 3: 387-400

9,5
9,0
SCORE 85 O
8,0
75

70 MDA | ESP GBR NOC ESP POR2 FRA GEO | SuUl POR1 RUS | AZE2 IRL BUL POL | AZEl1 | HUN UKR

Score 8,45 8,55 8,70 8,90 9,05 8,65 8,25 8,10 8,35 8,90 9,05 8,55 8,30 7,85 8,20 8,75 8,50 8,75
~&-  Control-SCORE Execution 8,60 8,60 8,70 9,00 8,70 8,50 8,30 8,00 8,30 8,80 9,00 8,50 8,50 8,00 8,20 9,00 8,60 8,80
=O= E1 NOC Judge E Name 8,30 8,60 8,70 9,30 9,20 8,50 8,10 8,50 8,30 8,90 9,10 8,10 8,20 8,30 8,30 8,80 8,60 8,80

Warning for SCORE

Bias for SCORE D
19
17
15
13
RANKING 11
9
7
5
3
! MDA = ESP GBR NOC ESP POR2 FRA GEO @ SUl POR1 RUS = AZE2 IRL BUL POL AZE1 HUN UKR
Ranking E Score 12 10 7 3 1 8 15 17 13 3 1 9 14 18 16 5 11 5
~@-  Control Execution Ranking 8 8 6 1 6 11 14 17 14 4 1 11 11 17 16 1 8 4
-O0= E1 NOC Judge Name 12 8 7 1 2 10 17 10 12 4 3 17 16 12 12 5 8 5

Warning for RANKING

E1 NOC Judge Name Evaluation E PANEL Evaluation

The accuracy and consistency of your judging were BIAS
SCORE 72% Good YES
RANKING 84%  Good

Figure 2. An example of individual reports in one competitive session. Session and judge data are hidden to protect confidentiality. (Wide bright
line: Panel score; Thin line with filled circles: Control score; Bold line with empty circles: Judge score
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DISCUSSION

The aim of this study was to design and
apply the ACROAJIR® tool to control and
evaluate ACRO judges’ performance and
prospective judging effects at major
competitive events. The tool had practical
applications in three domains: a) a specific
Technical Committee (TC) control task; b)
feedback for individual judges; and c)
assessment of prospective judging effects.

Fulfilling a specific TC control task, the
ACROAIJIR®  results provided the
Technical Committee (TC) with an overview
of results and specific, objective information

about judges' performance in each
competitive session. This information
facilitated easy, quick, and accurate

identification of individual judges’ mistakes.
It offered strong evidence for managing
these mistakes, supporting correct decision-
making, and alerting judges to potential
future issues. TC members received
objective data on the accuracy, concordance,
and bias of judges' scores.

Performance feedback is commonly
used to influence behavior, and providing
information about past performance is a
widely adopted strategy in competitions.
However, the effects of daily performance
feedback have not been previously
evaluated. This quantitative study analyzed
how daily feedback, supported by the AJIRs-
based formative assessment process,
affected judges’ accuracy and concordance.
Each judge received a simple daily report on
their performance in terms of accuracy and
concordance at the 2021 competition events,
and those with the best scores were
congratulated. Knowledge of the control
score enhanced judges’ self-confidence and
consistency by providing an objective
assessment of their accuracy, consistency,
and concordance relative to the control
score. None of the judges disagreed with the
reports received, and all appreciated the
daily feedback effort. No prior studies with
similar designs were found.

Knowing that they would be evaluated
daily appeared to motivate judges to

consistently perform their best. The effects
were differentiated based on whether
feedback was provided daily or not,
particularly for characteristics such as score
accuracy and concordance.

Feedback included comparisons with
benchmarks beyond the in-competition
trimmed mean. Overall, judges’
performance significantly improved when
they were aware of daily evaluations.
Specifically, judges’ score accuracy was
significantly better with daily reports at the
11th EAGC, and ranking concordance was
better at the 30th ECh. While judges knew
they would be evaluated at the start of each
competition, they did not anticipate
receiving daily reports.

Overall, judges’ performance was
significantly worse in the second part of
competitions where no feedback was given,
compared to when they received daily
feedback, which either maintained or
improved performance. Significant declines
were observed in execution accuracy scores
and artistic ranking concordance at the 10th
EAGC (NFBC) and in artistic ranking
concordance at the 29th ECh (NFBC) during
the second parts of these events.

In contrast, with daily feedback
conditions (FBC), both accuracy and
ranking concordance improved in the second
part of the competition for both artistic
performance and execution at the 11th
EAGC. At the 30th ECh, judges’ score
accuracy for artistic performance was
significantly higher.

Previous studies examining judges in
gymnastics, judo, rope climbing, and
synchronized swimming found that when
judges received open feedback (i.e., the
ability to hear or see their colleagues' scores
after each performance), the variation
between scores was significantly lower. This
suggests that conformity was influenced by
informational factors (Auweele et al., 2004;
Boen et al.,, 2006, 2008, 2013), which
supports our findings.

However, reference panel scores can
sometimes be incorrect, potentially
influencing a judge's decisions. This
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normative conformity bias can be dangerous
and lead to unfair results. Even if a judge’s
score is accurate, consistently aligning with
the panel's score when deviations occur can
compromise judgment, leading to normative
conformity bias. Daily feedback on control
scores mitigates this risk by boosting judges'
confidence in their own judgments, thereby
motivating better performance in future
sessions.

In summary, judges' performance either
remained stable or improved when they were
consistently updated on their performance.
Overall, higher score accuracy was
associated with greater ranking
concordance. However, when routines were
at a similar level, small changes in score
accuracy led to significant changes in
ranking concordance. This assessment
proved valuable for detecting instances
where judges might exploit small but
permissible scoring gaps to favor their own
countries. It also provided feedback on
judges' scoring patterns, which could be
useful for training and accrediting judges.
Updates and feedback can help propose
corrective measures for judges who perform
below expectations (Mercier & Heiniger,
2018).

Judges aim to perform at their best, and
the results demonstrated a high level of
quality overall. Although a consistently high
performance might limit improvements as
the event progresses, knowledge of daily
evaluations during the 2021 events led to
significantly more accurate scores as the
competition  continued.  This article
introduces a novel approach to evaluating
judges' performance during live
competitions. To our knowledge, providing
individual written feedback reports during
competitions has not been previously
implemented. This method suggests new

active  methodologies and formative
evaluations for future use.
The current study had several

limitations. First, the use of expert superior
jury scores as ‘true’ scores introduces
potential issues, as these expert scores might
also be inaccurate or not align with the

This could affect the
evaluation of judges during live
competitions. The ranking swap costs
defined in this study might be better
represented by  more  sophisticated
regression equations to explain all relevant
ranking swap cases. Additionally, refining
the definitions for the first and second
periods and using the tool solely for
pedagogical purposes, without sanctions for
biased or incorrect judgments, could impact
the number of significant differences
observed in judges’ performance as the
events progressed. Although post-feedback
improvements in accuracy were noted,
understanding the process behind this
alignment would provide insights into the
cause of discrepancies. Future research
should include more examples to validate
the findings of this study. With more
comprehensive evidence, further actions can
be taken to enhance the rating system for the
discipline (Anderlucci et al., 2020).

judging panel.

CONCLUSION

The ACROAIJIR® tool offered timely,
valuable, and personalized feedback on
accuracy and concordance scores for
acrobatic  gymnastics  judges  during
competitions. It demonstrates that such
feedback can be effectively delivered
during, rather than only after, competition
events. The tool facilitates specific TC
scoring control tasks, provides judges with
evidence-based feedback, and suggests

targeted improvements for prospective
judging.
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Abstract

The aim of this research was to analyze the degree of dissatisfaction with body image—defined
as the dissatisfaction resulting from the difference between the desired silhouette and the
perceived one—among Fit Kid athletes. The study compared data based on age ranges and levels
of competition and examined the possible association between higher weight and BMI with
increased concern for body image. The Body Shape Questionnaire (BSQ) was used, and data
were analyzed using the SPSS 28.0 statistical package. The main findings reveal a higher degree
of body image dissatisfaction at the highest level of competition (national level) and among
athletes with higher BMI and weight. Specifically, the factor with the highest scores was body
dissatisfaction with the lower body. This suggests a higher risk of body image issues in late
adolescence and at higher competitive levels, as well as among athletes with higher BMI values.
These findings could offer valuable insights for coaches, who might address these issues through
collaboration with nutritionists and sports psychologists.

Keywords: body dissatisfaction, leanness, competition level, BMI, aesthetic disciplines

INTRODUCTION

Body image perception is defined as typically begins ate around 12 to 13 years,
‘the image our mind forms of our own body, while bulimia nervosa starts between 14 and
that is, the way our body manifests itself to 15 years (Keski-Rahkonen et al., 2007).
us’ (Schilder, 2013, p. 11) and is directly As mentioned above, this preoccupation
related to eating disorders (Torres et al., with weight gain and obsession with eating
2017). Eating disorders are a group of is also linked to a factor that characterizes
mental illnesses characterized by abnormal this type of disorder: dissatisfaction with
eating behaviors, along with behaviors or one's own body image (Torres et al., 2017).
attitudes aimed at weight control (Sadock, This is understood as the dissatisfaction
Sadock & Ruiz, 2015). These disorders resulting from the difference between the
generally occur in adolescents and young perception of the desired silhouette and the
adults, with prevalence studies indicating perceived silhouette (Jiménez, Jiménez &
wide differences according to age group and Bacardi, 2017).
gender, being much higher in young women. The most common stages of onset of
Among the most common or prevalent these problems are early and middle
eating disorders in Europe are anorexia adolescence, though they can develop in
nervosa and bulimia nervosa (Arija, Santi, children as young as 6 years old (Swanson,
Novalbos, Canals & Rodriguez, 2022). As Crow, Le Grange, Swendsen & Merikangas,
for the age of onset, anorexia nervosa 2011). Regarding incidence in sport, a
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relationship can be established between
aesthetic sports and dissatisfaction with
body image, which is considered a risk
factor for the development of dangerous
eating behaviors, such as anorexia (Valles,
Hernandez, Banos, Moncada-Jiménez &
Renteria, 2020), in female athletes in this
types of sport disciplines (Fortes, Neves,
Filgueiras, Almeida & Ferreira, 2013).
Among dancers and gymnasts, risky
methods to achieve a specific body typology,
such as pressure to be thin and follow dietary
restriction, are observed (Francisco, Alarcao
& Narciso, 2012). Similarly, in sports that
emphasize thinness, there are higher levels
of body image dissatisfaction and more
symptoms of eating disorders, with even
higher rates found among elite athletes,
regardless of whether they participate in
aesthetic sports (Kong & Harris, 2014).
Even among children who practice aesthetic
sports, there is a quest to be thinner, despite
already having lower body weights
compared to children who participate in
other types of sports (Lombardo,
Battagliese, Lucidi & Frost, 2012).
Additionally, girls aged 5 and 7 years who
practice aesthetic sports show greater
concern about weight compared to girls who
practice non-aesthetic sports or who do not
practice sports at all (Davison, Earnest &
Birch, 2002). Adolescent gymnasts also
exhibit greater body dissatisfaction than
adolescent non-gymnasts (Valles et al.,
2020).

In this sense, the risk of presenting a
greater concern about body image is much
higher among gymnastics disciplines due to
the strict attitude towards weight and shape,
which  can  become an  obsession
(Bloodworth, McNamee & Tan, 2017).
Adolescent gymnasts may be even more
vulnerable to developing such problems, as
the body image concerns and insecurities
common at their age are reinforced by the
pressure to achieve or maintain a particular
body shape and weight in order to compete
at the highest level of the sport (Tan,
Bloodworth, McNamee & Hewitt, 2012).

Several studies in recent decades have
linked gymnastics and dance to high body
image dissatisfaction and eating disorders
among athletes and dancers (Bloodworth et
al.,, 2017; Francisco et al., 2012). For
example, in artistic gymnastics, female
gymnasts appear to be at higher risk of
developing eating disorders than male
gymnasts (Papacharalampous, Dallas &
Dallas, 2022), as it is common for gymnasts
to experience a high degree of body image
dissatisfaction, which increases during the
competition season (Neves et al., 2016).
Rhythmic gymnastics is considered the
gymnastic discipline with the highest risk of
its practitioners suffering from eating
disorders compared to other disciplines such
as artistic gymnastics or acrobatic
gymnastics, probably due to the pressure in
rhythmic gymnastics to obtain a very slim
body, the perfectionist tendencies of the
discipline (Nordin, Harris & Cumming,
2003), and the excessive weight control and
emphasis on low adipose mass for success in
performance (Palacios & Sanchez, 2016).
Furthermore, a high-level gymnast not only
needs to possess certain physical aptitudes,
but her body composition is also a
determining factor for success, providing the
biomechanical characteristics necessary for
the execution of the exercises (Marquez,
2008; Palacios & Sanchez, 2016). This
situation can lead to a certain risk of
disordered eating behaviour in the pursuit of
results, particularly in maintaining a low
weight and slim appearance (Palacios &
Sanchez, 2016), with more cases occurring
among rhythmic gymnasts at a higher level,
such as the international level, than among
gymnasts at non-competitive levels (Donti,
Donti, Gaspari, Pleksida & Psychountaki,
2021; Kontele, Vassilakou & Donti, 2022).

Fit Kid, an emerging sport created in
Europe in 1990 and part of the Spanish
Federation of Dance Sport, combines
gymnastic elements with dance, creating a
significant artistic component. It requires
certain physical qualities such as flexibility,
strength, and endurance, as well as rhythmic
and artistic qualities like coordination and
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body expression (Paredes, n.d.). This sport
includes individual and group participation
categories, with group categories being
further divided into duos, small groups (3 or
4 members), and large groups (5 or 6
members). These group categories are
divided into three competition age groups
(7-11 years; 12-15 years; 16 years and over).
Additionally, there is a free large group
category, where 7 to 15 athletes can
participate with no age restrictions. In the
group categories, the gender of the
competitors is unrestricted. Participants in
all age categories must perform a floor
choreography accompanied by music,
including compulsory elements specified in
the scoring code (Fit Kid scoring code,
2023). In this way, Fit Kid resembles and
draws from both gymnastic disciplines and
dance, adapted to Fit Kid's unique
characteristics.

Given the existing link between Fit Kid
and gymnastic disciplines, we question
whether athletes in this sport might also
manifest or develop a similar tendency
toward high dissatisfaction with their own
body image. Under these premises, the aim
of this research was to analyze the current
state of body image perception among Fit
Kid athletes, comparing the established age

ranges and the wvarying levels of
competition—specifically, first-class and
second-class levels. Additionally, the

research sought to identify the type of
association between higher weight and BMI
with a more pronounced concern for body
image.

METHODS

This descriptive research with a
quantitative approach was conducted using a
purposive sample. The sample was selected
based on the following inclusion criteria: Fit
Kid athletes from clubs in a municipality in
the province of Alicante (Spain), male or
female, with a valid federation license, at
first-class or second-class levels, and within
the age range of 11 to 24 years, as federation
licenses were available for athletes up to this

age range. After applying these criteria, the
total population meeting these
characteristics was 80 athletes, of which 14
were excluded for not obtaining the
corresponding informed consent.

Therefore, in the end, 66 athletes
between 11 and 19 years of age (62 women
and 4 men), belonging to 5 Fit Kid clubs in
the municipality in question, participated
voluntarily. The sample obtained represents
82.5% of the total population studied, with a
mean age of 13.42 + 1.84 years. Of the 66
participants, 19 were from the first-class
level, representing 95% of the population for
this level and age range, and 47 from the
second-class level, representing 78.3% of
the population for this level and age range.
To facilitate the search for a relationship
between age and the perception of body
image, the sample was divided into three age
ranges based on the three stages of
adolescence (Giiemes-Hidalgo, Cefial &
Hidalgo, 2017): the first from 11 to 13 years
(12.28 + 0.78), the second from 14 to 16
years (14.52 £ 0.68), and the third from 17
years onwards (18 = 1).

To obtain the data, basic
anthropometric techniques and tools were
used to determine the participants' height,
weight in kilograms, and to calculate their
BMI. In addition, the Body Shape
Questionnaire (BSQ) was administered in its
Spanish adaptation (Raich, Mora, Soler,
Clos & Zapater, 1996). This questionnaire
consists of 34 questions with a Likert
frequency scale, is self-administered, and
has 6 response options (1 = never, 2 =rarely,
3 = sometimes, 4 = often, 5 = very often, and
6 = always). The BSQ score ranges from 34
to 204 points, which is the sum of all the
points obtained in each question, with a cut-
off score of 105 points (Raich, 2001). Scores
of 105 points and above indicate the
presence of anxious, negative thoughts in the
athlete, leading to dissatisfaction with their
body image as it deviates from their ideal
body model. This dissatisfaction often
results in lower self-esteem related to
physical appearance and a desire to lose
weight and diet, leading to an extreme
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preoccupation with figure and weight. All
these factors place the athlete at risk of
developing an eating disorder.

Furthermore, the 34 items are grouped
into five factors:

- Factor 1: concern about weight in
relation to intake (items 6, 23, 17, 21, 2, 14
and 19).

- Factor 2: concern about unsightly
aspects of obesity (items 28, 30, 5 and 16).

- Factor 3: general body dissatisfaction
and concern (items 7, 18 and 13).

- Factor 4: lower body dissatisfaction
(items 3 and 10).

- Factor 5: use of vomiting or laxatives
to reduce body dissatisfaction (items 26 and
32).

To begin the research, the team first
contacted the coaches of the Fit Kid clubs in
the municipality involved by telephone to
arrange visits. Next, the study's objectives, a
description of the questionnaire and the
measurements to  be taken, the
characteristics and criteria to be met by the
athletes, and the process to be followed were
explained. The athletes were also informed
about the aims of the research, with an
emphasis that their participation was
voluntary and without any form of
compensation. Upon confirming their
agreement, informed consent was obtained
from the legal representatives and athletes of
legal age. Simultaneously, respect for data
protection regulations in accordance with the
Declaration of Helsinki was ensured,
guaranteeing the anonymity of the athletes.

Data collection took place between 22
March and 13 April 2023, during the
athletes' competitive period. This period was
chosen as there tends to be greater pressure
to perform well in training and to achieve
good results in competition, making the
information obtained particularly relevant to
these phases of training. On the specified
days and at the indicated clubs, the athletes
were  grouped  together, and the
questionnaire was completed either online or
on paper. In both formats, a series of
descriptive data (age, sex, and level of
competition) was included at the start,

followed by the BSQ questionnaire. Athletes
spent 10-15 minutes completing the BSQ
and then proceeded to measure body mass
(using a Renpho digital scale, accurate to
0.05 kg) and height (using an Alfa
measuring rod, accurate to 1 mm) to
calculate  their BMI (kg/m?). The
measurement of body mass and height was
conducted in the presence of their coaches
and one of the authors of this work to clarify
any doubts. Measurements were taken with
the athletes barefoot, standing with their feet
parallel and heels together, fully erect. The
head, shoulders, and buttocks were in
contact with a vertical plane (wall). For the
weight measurements, the athletes were
barefoot and wore their own training clothes
(leotard).

The specialized software  SPSS
(Statistical Product and Service Solutions),
version 28.0.0.0 (190) from IBM, was used
for data analysis. Descriptive statistics,
including means, medians, standard
deviations, and cross-tabulations, were used
to analyze the data. Correlations between
BSQ scores and age, weight, BMI, and
competition level were assessed using
Spearman's correlation, while comparisons
between the two competition level groups
were analyzed using the Mann-Whitney U
test, with a significance level set at p < 0.05.
Finally, the internal consistency of the
instrument, measured by Cronbach's Alpha,
was found to be adequate (0.962), as this
value is above the minimum established
range (0.90-0.95), indicating good internal
consistency (George & Mallery, 2003).

RESULTS

Firstly, regarding the descriptive data
(Table 1), the average weight of the athletes
was 48.31 kg, the average height was 1.55
m, and the average BMI was 19.9 kg/m?. The
highest averages for weight, height, and
BMI are found in the third age range and at
the second-class level, with significant
differences between levels only for height (p
= 0.027). Conversely, the lowest averages
for weight, height, and BMI are found in the

Science of Gymnastics Journal

404

Science of Gymnastics Journal



Selva Anton & Avalos Ramos: : PERCEPTION OF BODY IMAGE IN FIT KID ATHLETES

Vol. 16, Issue 3:401-412

first age range and at the national
competition level.

Regarding the sample's score on the
Body Shape Questionnaire, the mean score
was 67.44 points, which is below the cut-off
score, indicating a low general concern for

body image (Table 1). However, this

Table 1

concern increases with age and is considered
mild for those aged 17 years and older. As
for the comparison between competition
levels, a slightly higher score is observed at
the first-class level, but without significant
differences (p = 0.197) (Table 1).

Weight, height, BMI and BSQ scores of Fit Kid athletes according to age range and

competition level

Total 11-13 14-16 +17 Firstclass ~ ccond-  Level
class U-test

M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) p
V\zi's)ht 48.31(8.00) 45.01(7.26) 51.81(7.70)  56.04(3.12)  45.61(6.64) 49.40(8.30) 0.095
Height (m)  1.55(0.07)  1.54(0.07)  1.57(0.07)  160(0.05)  1.53(0.05) 1.56(0.08) 0.027

BMI

(kg/m?) 19.90(2.27)  19.10(2.10)  20.95(2.15)  21.95(0.59)  19.45(1.88) 20.08(2.40) 0.492
BSQ 67.44(27.58) 59.58(23.94) 73.14(27.22) 104.40(19.49) 72.58(23.64) 65.36(29)  0.197

Note: M-mean; SD-standard deviation; p-significant differences between levels

The correlation study shows a
moderate, positive, and direct association
between weight and BMI with the BSQ
scores (Table 2), and this correlation is
statistically significant (p<0.01).

Secondly, regarding the results
associated with body shape (BSQ) according
to the analysis factors (Table 3), the greatest
concern is observed in the third age range for

all factors. Additionally, when focusing on
the level of competition, greater concern is
noted at the first-class level for factors 1, 2,
and 3, and at the second-class level for
factors 4 and 5. However, no statistically
significant differences are observed between
the levels in any of the factors, with factor 1
approaching the level of significance (p =
0.058).

Table 2
Correlations of BSQ scores
Age Age range Weight BMI Level
BSQ 0.456** 0.393** 0.477** 0.477** 0.160

Note. **p<0,01; *p<0,05

It is also noteworthy that factor 4,
"Body dissatisfaction with respect to the
lower part of the body," has the highest mean
score. This indicates that dissatisfaction with
self-image among the athletes is most
pronounced concerning the lower part of

their body. Conversely, factor 5, "Use of
vomiting or laxatives to reduce body
dissatisfaction,”" has the lowest mean score,
suggesting that, in general, Fit Kid athletes
did not use these compensatory method.
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Table 3
Mean of the factors according to age range and competition level
Total 11-13  14-16 +17 Firstclass occond-  Levels
Factor class U-test
M M M M M M D
1. Concern about weight in e 37 553 363 236 1.94 0.058
relation to intake
2. Concern about unsightly ;45 370 557 385 213 1.92 0.361
aspects of obesity
3. General body dissatisfaction 4 g, 36 194 240 1.72 1.58 0.143
and concern
4. Lower body dissatisfaction 2.14 1.95 2.34 2.80 2.03 2.18 0.896
5. Use of vomiting or laxatives ;oo 145 45 140 1.03 1.08 0.478

to reduce body dissatisfaction

Note: M-mean; p-significant differences between levels

Finally, regarding the results that show
significant differences between levels (Table
4), we note in factor 1, "Concern about
weight in relation to intake,” that item 17,
"Eating sweets, cakes, or other high-calorie
foods—nhas it made you feel fat?" (p = 0.036)
and item 19, "Have you felt excessively fat
or rounded?" (p = 0.043) show significant
differences. Additionally, values close to the
pre-specified significance level are observed
in item 14, "Being naked (e.g., when you

take a shower)—did it make you feel fat?" (p
= 0.065) and item 21, "Worrying about your
figure—did it make you go on a diet?" (p =
0.053). On the other hand, in factor 3,
"General body dissatisfaction and concern,"
item 13, "Has thinking about your figure
interfered with your ability to concentrate
(when watching TV, reading, or having a
conversation)?" (p = 0.063) is close to the
pre-specified significance level.

Table 4
Intakeact:)ﬁcerns according to age range and level of competition
5 ¢ Total 11-13 14-16 +17 First-class Si‘fggsd' '(Je‘t’ee;f
i = Me (é\l/lj) Me (SI\I/ID) Me (é\g) Me (SI\I/ID) Me (SI\I/ID) Me (SI\I/ID) p
2250 (i:gg) 2 (ié% 3 (iég) 4 (1é3) 3 (1.333) 2 (i:gg) 0.130
6 2 (iég) 1 (1.228) 2 (igg) 3 (igg) 3 (i:g% 2 (iég) 0.153
141 (é:gi) 1 (éi?g) 1 (ifgé) 3 (0.3;1) 2 (1.%5) 1 (éigé) 0.065
-2 (ifgg) 1 (iig) 2 (i:gi) 4 (i:gg) 3 (ﬂg) ! (iklsg) 0.036
v 1 (éf?g) ! (é:ig) ! (iﬁ) 2 (Siig) 2 (éigg) 1 (égg) 0.043
211 (i:gg) 1 (ﬂg) 2 (iég) 4 (i:gg) 3 (i:gg) ! (ii%) 0.053
23 1 (igg) 1 (ﬂg) 2 (igi) 4 (128) 2 (ifgg) ! (ifgg) 0.564
5> 130 éﬁg% 1 (é:gg) 1 (é:;g) 4 (igg) ! (if?g) 2 (ifgg) 0.927
L e (iéj) 1.50 (é:;g) 2 (igg) 5 (411:?2) 3 (i:gg) 2 (i:gi) 0.150
28 1 (igg) 1 (éigg) 1 (i:gg) 3 (2.?2) ! (igg) ! (é:g% 0.954
002 (ijé) 2 (i;g) 3 (i:g;) 4 (0.?1) 3 (i?é) 2 (i:ig) 0.371
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5 g Tom 11-13 14-16 +17 First-class S‘ac‘fggsd' be‘t’:;f
i = Me (S'\I/ID) Me (sl\él)) Me (S'\El)) Me (S'\I/ID) Me (Sl\él)) Me (Sl\él)) p
[ (i:gg) ! (éfgg) 2 (ifgg) 3 (iiig) ! (igi) ! (i:gg) 0.503
© B 1 (3383) ! (é:%) 2 (i:gg) 3 (g:ig) 2 (32;8) ! (igg) 0.063
181 (é:%) ! (éigg) 1 (é:gi) ! ((1):;18) ! (3225) 1 (cl)%) 0.894
L (i??l) 2 (igg) 3 (i:gg) 3 (i:gg) 2 (iﬁ) 2 (iigé) 0.550
02 (iigg) 1 (1.222) 2 (38?) 2 (gﬁig) 2 (é:;g) 2 (iég) 0.339
L8t (cl):zltcl)) 1 (éigé) 1 (éég) 1 (ﬁg) 1 (é) 1 ((1):}1?) 0.143
2 1 (cl):gg) 1 (éigé) . (é) 1 ((1)) 1 (é:(z)g) 1 ((1)) 0.116

Note: Me-median; M-mean; SD-standard deviation; p-significant differences between levels.

DISCUSSION

The main objective of this research was
to analyze the current state of body image
among Fit Kid athletes according to age
ranges and competition levels (first and
second class). Additionally, it aimed to
identify the type of association between
higher weight and BMI and greater concern
for body image.

Firstly, with regard to the relationship
between weight and BMI of Fit Kid athletes
and a high score on the body image
perception scale, we observed a moderate
positive  association  between  weight
(r=0.477) (p=<0.01) and BMI (r=0.477)
(p=<0.01) and a greater concern and
dissatisfaction with body image among the
athletes.

Regarding the perception of body
image, Lombardo et al. (2012) related a
sufficiently low or optimal weight with even
more pronounced body dissatisfaction in
children practicing aesthetic sports. They
found that these children, who were already
thinner than those participating in non-
aesthetic sports or those not engaged in
sports, wished to be even thinner. Similarly,
Vernetta, Montosa, and Peldez (2018)
observed that while acrobatic gymnasts
generally showed good body satisfaction
associated with a healthy BMI, 12.1% of

rhythmic gymnasts expressed a desire to be
even thinner. In contrast, Ariza, Salas,
Lopez, and Vernetta (2021) concluded that
adolescent acrobatic gymnasts were more
satisfied with their self-image than non-
acrobatic gymnasts.

Also, in relation to age, the highest
mean BSQ scores in the present study were
found in the third age range (17 years and
older), indicating a mild concern about body
image. In the other age ranges, and in
general, no significant body image
dissatisfaction was observed. However, the
association between age or age range and
questionnaire scores was relevant, according
to correlational studies.

In this sense, Little, Howell, Armento,
McCarthy, and Sweeney (2023) found
greater anxiety and concern about weight at
older ages, as their research indicated that
older gymnasts exhibited higher levels of
concern. This increased body dissatisfaction
in the older age range could be explained by
the higher BMI values that occur with age
during developmental growth (Maganto &
Cruz, 2002), as age and BMI have a
significant positive relationship (Vernetta,
Pelaez, Ariza & Lopez, 2018), as observed
in the present study. Additionally, a higher
BMI may trigger a greater desire for thinness
or lower satisfaction with body image
(Maganto & Cruz, 2002). Conversely, this
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can result in a discordance between
perceived BMI and actual BMI due to a
distortion of body image, causing
individuals who are underweight or at the
lower limit of normal weight to overestimate
their weight (Duran et al., 2013).
Furthermore, a higher muscle mass (for the
same height) results in a higher BMI, which
contributes to dissatisfaction among many
aesthetic sportswomen (Valles et al., 2020).
Consequently, reduced intake often leads to
low energy availability, which poses
additional health risks for female athletes.

On the other hand, the association
between BSQ scores and level of
competition was low. Within this analysis,
the highest scores were observed at the
higher level of competition, indicating a
more negative perception of body image.
However, the differences between the two
levels were not statistically significant.

Kong and Harris (2014) found that, at
elite levels—regardless of the sport—and in
thinness-focused sports, athletes more
commonly exhibited symptoms typical of
eating disorders, as well as a higher rate of
preoccupation and lower satisfaction with
self-image. Similarly, Salas, Gutiérrez,
Ariza, and Vernetta (2023) observed this
trend among Spanish acrobatic gymnasts,
where international-level gymnasts showed
higher rates of body dissatisfaction and a
greater tendency towards thinness compared
to athletes at other levels of competition.

In reference to the factors that caused
the most concern among the athletes, there
was a notable dissatisfaction with the lower
part of their body, particularly regarding the
thighs, buttocks, hips, and waist, including
the measurements and proportions of these
areas. This dissatisfaction was more
pronounced on average from the age of 17
onwards but did not significantly differ
between competition levels. The only
significant differences between levels were
observed in some items related to concerns
about intake.

In this respect, Maganto and Cruz
(2002) argued that the area of the body
generating the least dissatisfaction in women

was the face, while the upper and lower
torso, and particularly the waist, caused
much higher dissatisfaction. Their findings
align with the present study, which identified
the lower torso, and more specifically the
thighs, buttocks, and hips, as focal points of
significant concern and dissatisfaction with
body image. Similarly, Salazar (2008) found
notable dissatisfaction with various body
parts, including the complexion, nose, chest,
abdomen, waist, thighs, and legs, among
adolescents of both genders, with a
particular focus on dissatisfaction with the
arms. Additionally, Salazar's study revealed
that females were more concerned with areas
such as the abdomen, legs, hips, thighs, and
waist compared to males.

Among the limitations of the study, it is
important to note the scarcity of research on
the Fit Kid discipline and the significance of
body image perception among its
practitioners. Additionally, the sample size
may be too small to fully represent the
discipline in the province analyzed, as well
as within the specific geographical context
of the research. Other variables, such as the
athletes' years of competitive experience,
different training periods, and the profiles of
coaches and technical staff, were not
considered. These limitations should be
taken into account when generalizing the
results. Therefore, further research is needed
to explore how body image perception
evolves during different training periods and
to examine potential differences in body
image perception across various aesthetic
sports.

CONCLUSIONS

The main conclusions drawn from the
study are as follows: there is a positive
association between BMI and BSQ scores,
indicating that higher BMI and weight
values are linked to greater body image
concerns among Fit Kid athletes. Generally,
higher levels of body image dissatisfaction
were observed at the first-class level, the
most demanding  competitive  level,
highlighting the need to be vigilant about
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potential body image distortions that could
lead to eating-related behavioral disorders.
Lastly, the factor that caused the most
concern among participants was 'Body
Dissatisfaction Regarding the Lower Body.'
This concern was slightly more pronounced
in the third age range and at the second-class
level, although no significant differences
between levels were observed.

These results can be very useful for
coaches of aesthetic sports in general and Fit
Kid coaches in particular. Understanding the
degree of body shape dissatisfaction among
athletes can help detect potential risk
situations for the development of eating
disorders. Being aware of these issues would
enable coaches to make informed decisions,
such as focusing on psychological work
aimed at improving self-concept and self-
esteem.

In this regard, coaches could emphasize
the importance of a balanced diet for overall
health rather than focusing on athletes'
physical appearance. This includes avoiding
negative comments about weight or the
pressure to achieve an excessively thin
physique, which could negatively impact the
athlete. Additionally, promoting training
seminars for coaches on these issues,
including their symptoms and health
consequences, could be beneficial.
Encouraging a training environment that
fosters positive feedback, sets process-
oriented goals, establishes objectives of
moderate  difficulty, promotes social
relationships, and supports body acceptance
and self-esteem could be advantageous for
professionals involved with Fit Kid.

Our findings underscore the importance
of having a team of specialists, such as sports
psychologists and nutritionists, to monitor
athletes’ health, performance, and emotional
well-being, taking into account their level of
competition and age.
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Abstract

The aim of this study was to familiarize preschool rhythmic gymnasts with testing procedures
and to determine the number of familiarization attempts needed to stabilize the test results.
Thirty-six female rhythmic gymnasts aged 5.14+0.79 years (body height: 119.44+5.98 cm; body
mass: 21.46+3.35 kg) volunteered for the study. All gymnasts were free of injury, trained
regularly (two days per week, approximately 60 minutes per session), and participated in the
individual B level competitions. The main findings indicated a statistically significant difference
between the variables of spine and leg flexibility (p<0.00), standing long jump (p<0.00), balance
(p<0.00), and shoulder flexion and extension (p<0.00). According to the results obtained in this
research, familiarization can significantly improve scores in motor tests for all variables (spine
and leg flexibility, balance, standing long jump, and shoulder flexion and extension) in preschool
rhythmic gymnasts. These findings suggest several possibilities for further research, such as
investigating the long-term effects of familiarization on motor skill development, the specific
mechanisms through which familiarization enhances performance, and its impact across
different age groups and skill levels in rhythmic gymnastics. Rhythmic gymnastics trainers and
other coaches of aesthetic sports should adapt and introduce participants to test protocols to
avoid errors in testing.

Keywords: flexibility; balance; explosive power; children; movement development.

INTRODUCTION

Rhythmic gymnastics (RG) is a Lemos, Lebre, & Avila Carvalho, 2015).
technical-composite sport that includes These characteristics distinguish RG from
elements of gymnastics, dance, ballet, and other branches of gymnastics. RG requires
apparatus manipulation (rope, ball, clubs, many hours of training, as selection begins
and ribbon) (Despina et al., 2014; Douda, at an early age, and success is only possible
Toubekis, Avloniti, & Tokmakidis, 2008; through continuous improvement of all the
Gateva, 2013; Laffranchi, 2005; Vernetta, elements involved in the sport (Bobo-Arce
Montosa, Beas-Jiménez, & Lopez-Bedoya, & Meéndez Rial, 2013; Rutkauskaité &
2017). Itis associated with elegance, beauty, Skarbalius, 2012). A high level of
and excellence in body movement, often set development in  motor skills, rhythm,
to musical accompaniment (Batista Santos, coordination, agility, and endurance is
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necessary, with particular emphasis on the
collaboration between balance, strength, and
flexibility, which play key roles in RG
(Batista Santos et al., 2015; Dobrijevic,
Moskovljevié, & Dabovi¢, 2016; Donti,
Tsolakis, & Bogdanis, 2014; Laffranchi,
2005). Testing motor skills and monitoring
their development is complex, especially
when testing children’s abilities. It requires
a high level of precision, reliability, and
objectivity (Tomac, Hraski, & Sporis, 2012).
In artistic gymnastics, each gymnastics
school has specific models for talent
identification (Mkaouer, Hammoudi-Nassib,
Amara, & Chaabéne, 2018). However, there
are limitations in the testing procedures used
in rhythmic gymnastics. In many test
batteries (Jastrjembskaia & Titov, 1999), the
models for testing are specific to mature
gymnasts, which preschool children are not
familiar with. Determining the profile of a
child gymnast and her level of fundamental
motor skills could assist coaches in talent
identification, as well as in her overall
development through training (Salaj, Mil&i¢,
& Simunovié, 2019).

The development of all motor skills
mentioned earlier during early childhood
provides the foundation for sports skills, as
this is when children typically choose the
sport whose training they will continue
(Busquets, Aranda-Garcia, Ferrer-Uris,
Marina, & Angulo-Barroso, 2018). Testing
preschool children is necessary to track
progress and identify talent for future high-
level sports performance (di Cagno et al.,
2014). One of the main components of
coordinative abilities is balance, which is
influenced by a complex interaction of
factors, including sensory information (from
the somatosensory, visual, and vestibular
systems), joint range of motion (ROM), and
strength (Ricotti, 2011). Balance is crucial
for the correct execution of complex RG
movements. Motor skills during early
childhood are in a very intensive stage of
development, and learning influence is
critical (Barnett, Van Beurden, Morgan,
Brooks, & Beard, 2008; Fisher et al., 2005).
Specific motor skills can be improved with a

sufficient level of movement repetition
(Pediatrics, 1992). Therefore, it is important
to assess the impact of familiarization
through testing  protocols, especially
considering the uncertainties at the
preschool age.

Studies on children’s development and
the improvement of motor skills aim to
investigate  learning new  movement
structures and skill proficiency. During the
process of motor skill development, children
rely on feedback from adults (Sullivan,
Kantak, & Burtner, 2008). Some previous
studies analyzing the influence of
familiarization on sprint running test results
have shown varied conclusions. Glaister et
al. (2010), for example, demonstrated a
positive impact of familiarization on
multiple running speed test results, while
others found that familiarization did not
improve jumping and running test results
(Moir, Button, Glaister, & Stone, 2004,
Moir, Sanders, Button, & Glaister, 2005).
Thomas & Nelson (1996) suggest that
individual differences in familiarization with
tests and performance situations may explain
errors in measurement. Sullivan et al. (2008)
studied the effect of different feedback
frequencies during practice on the
acquisition and retention of motor skills in
children compared to adults. Preschoolers
significantly  improved their  results
(Mededovi¢ et al., 2018) in assessments of
leg power, abdominal repetitive strength,
running speed, and agility by the final
measurement. It appears that feedback and
proper instruction enhance children’s ability
to understand the mechanics of movement in
these motor skills (Tomac et al., 2012).

Vrbik et al. (2017) showed significant
improvements in polygon backwards and
polygon with turn performances, while the
vertical jump test, standing long jump, and
toe touch test showed no significant
improvement during familiarization
sessions. The results from Tomac et al.
(2012) indicate that, under the influence of
familiarization and motor knowledge
acquisition, children significantly improved
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their scores in motor tests of strength and
balance.

To the best of our knowledge, research
on familiarization with testing procedures in
preschool rhythmic gymnasts is limited.
Therefore, the aim of this study was to
familiarize preschool rhythmic gymnasts
with testing procedures and to determine the
number of familiarization attempts needed to
stabilize the test results.

METHODS

Thirty-six female rhythmic gymnasts
aged 5.14+£0.79 years (body height:
119.44+5.98 cm; body mass: 21.46+3.35 kg)
volunteered for the study. All gymnasts were
free of injury, trained regularly (two days per
week, approximately 60 minutes per
session), and participated at the individual B
level. The gymnasts competed 5-6 times per
year in national competitions, tournaments,
and international cups, as scheduled in the
national calendar. Parental consent and child
assent were obtained. All tests were
performed at the gymnastics club during
regular session times. The study was
approved by the Ethical Committee of the
Faculty of Sport and Physical Education,
University of Ni§, in accordance with the
revised Declaration of Helsinki.

Body mass was measured using an
OMRON - BF511 (Omron, Japan), and
body height was measured using a GPM
Anthropometer (Siber Hegner, Ziirich,
Switzerland).

Test of Spine and leg flexibility is used
to determine the degree of flexibility in the
spine while bending forward. The gymnast
stands on a gym bench, with her toes at the
edge of the bench. Her legs should be
straight (fully extended), and one hand
should be placed on top of the other
(overlapped). The tester then instructs the
gymnast to lower her hands and slowly reach
as far forward as possible. She should reach
her maximum stretch and hold that position
for two full seconds. A partner should ensure
that the gymnast’s legs remain straight
throughout the test by lightly holding back

the knees. A bench and ruler were used for
measurement. Each gymnast is allowed a
warm-up trial and two test trials, with the
best result being recorded. The tester must
ensure the gymnast's toes are aligned with
the edge of the bench and that her knees
remain straight. The tester measures the
distance between the tip of the gymnast’s
third finger and the upper edge of the bench.
Note: a partner is needed for this test
(Jastrjembskaia & Titov, 1999). The
gymnast repeats the test four times, and each
attempt is measured.

Balance: Static balance was assessed
using a sport-specific test for rhythmic
gymnastics. The gymnast's goal was to
remain on tiptoe (“releve”) with arms held
above the head (third position) and the free
foot in a low passé (fondue) position for as
long as possible. Four trials were allowed
and recorded using a digital stopwatch
(Kioumourtzoglou, Derri, Mertzanidou, &
Tzetzis, 1997).

Standing long jump: The gymnast's
standing reach height was measured with
arms and hands fully extended overhead.
The length of the jump was measured to the
body part closest to the take-off line
(including any fall or step backward) (Dias,
Aleksandrova, Lebre, Bobo, & Fink, 2021).
The gymnast repeated the test four times,
with each attempt being measured.

Shoulder flexion and extension: This
test was used to determine shoulder
flexibility. The gymnast stood in a straddle
position, holding a stick forward with both
hands. The gymnast raised the stick upward
and then brought it over her back without
bending her elbows, keeping the arms fully
stretched at all times. A meter stick with
centimeter calibrations was used to measure
performance (Jastrjembskaia & Titov,
1999). The gymnast repeated the test four
times, and each attempt was measured. A
reduction in the distance between the hands
indicates improved shoulder flexibility. As
the gymnast becomes more flexible, she is
able to bring her hands closer together
behind her back, demonstrating a greater
range of motion in the shoulder joint. This
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metric directly measures shoulder flexibility
and assesses the effectiveness of flexibility
training exercises.

Physical fitness and body
measurements were performed during an
evening training session at around 6 p.m. in
a bright, warm (19°C) hall. The technical
execution of fitness tests was assessed by the
same experienced International Gymnastics
Federation (F.I1.G.) judges and experienced
coaches. During the training session, body
measurements were taken first, followed by
the assessment of physical fitness elements
in the following order: balance, upper body
flexibility, lower body flexibility, and
explosive power. Twenty-four hours before
the training session, the gymnasts were
asked to avoid any strenuous activity. A
standardized rhythmic gymnastics warm-up
(including 3 minutes of jogging interspersed

with general and specific movements of
moderate intensity, 3 minutes of dynamic
sport-specific stretching, and 20 minutes of
specific warm-up exercises for rhythmic
gymnastics) was performed prior to
measuring.

Statistical analysis: Data are reported as
means and standard deviations (SD). The
normality of the distribution was estimated
using the Kolmogorov-Smirnov test. For
normally distributed results, ANOVA
repeated measures were used to determine
differences between repeats, while the
Independent-Samples Kruskal-Wallis Test
was used for non-normally distributed
results. Bonferroni post-hoc analysis was
also applied. Statistical significance was
accepted at p<0.05. All analyses were
performed using SPSS (version 20.0, SPSS
Inc., Chicago, IL, USA).

Table 1
Descriptive parameters and repeated measures analysis
ANOVA

Variable (n=36) mean+SD repeated measures

Kruskal-Wallis Test
Spine and leg flexibility (cm) p-value
Measurement 1 4.86+5.53 0.00
Measurement 2 7.79+6.12
Measurement 3 7.72+6.16
Measurement 4 9.02+6.02
Balance (sec)
Measurement 1 1.99+1.07 0.00
Measurement 2 2.33+1.52
Measurement 3 3.31+2.41
Measurement 4 3.93+1.98
Standing long jump (cm)
Measurement 1 98.55+14.72 0.00
Measurement 2 102.52+16.30
Measurement 3 105.50+14.20
Measurement 4 108.77+15.62
Shoulder flexion and extension (cm)
Measurement 1 58.13+£8.33 0.00
Measurement 2 52.61+7.65
Measurement 3 49.41+7.82
Measurement 4 46.91+10.09

Legend: p-value<0.05 statistical significance; n- number of participants.
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RESULTS

The descriptive parameters were
calculated for each variable (Table 1).
ANOVA for repeated measures showed
statistically significant differences in two

Spine and leg flexibility
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Figure 1. Results of spine and leg flexibility
Standing long jump (cm)
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Figure 3. Results of standing long jump

Spine and leg flexibility results (Figure
1) showed  statistically  significant
differences between measurements 1 and 2
(p<0.00), 1 and 3 (p<0.00), 1 and 4 (p<0.00),
and 3 and 4 (p<0.00). However, there were
no statistically significant differences

o P N W s~ o1 oo N

variables: spine and leg flexibility (p<0.00)
and standing long jump (p<0.00). The
Kruskal-Wallis ~ Test  also  revealed
statistically significant differences in two
variables: balance (p<0.00) and shoulder
flexion and extension (p<0.00).

Balance (sec)

1 2 3

Figure 2. Results of balance

4

Shoulder flexion and
extension (cm)

1 2 3 4

Figure 4. Results of shoulder flexion and
extension

between measurements 2 and 3 (p<1.00), 2
and 4 (p<0.75), or 3 and 4 (p<0.76).
Balance results (Figure 2) showed
statistically significant differences between
measurements 1 and 3 (p<0.01), 1 and 4
(p<0.00), and 2 and 4 (p<0.00). No
statistically significant differences were

Science of Gymnastics Journal

417

Science of Gymnastics Journal



Markovic¢ et. al: : ADAPTATION OF TESTING PROCEDURES

Vol. 16, Issue 3: 413-422

found between measurements 1 and 2
(p<1.00), 2 and 3 (p<0.23), or 3 and 4
(p<0.36).

Standing long jump results (Figure 3)
showed statistically significant differences
between measurements 1 and 3 (p<0.00), 1
and 4 (p<0.00), 2 and 4 (p<0.00), and 4 and
3 (p<0.00). However, there were no
statistically significant differences between
measurements 1 and 2 (p<0.13) or 2 and 3
(p<0.16).

Shoulder flexion and extension results
(Figure 4) showed statistically significant
differences between measurements 1 and 4
(p<0.00) and 1 and 3 (p<0.00). There were
no statistically significant differences
between measurements 1 and 2 (p<0.12), 2
and 3 (p<0.49), 3 and 4 (p<1.00), or 4 and 2
(p<0.06).

DISCUSSION

The aim of this study was to familiarize
preschool rhythmic gymnasts with testing
procedures and to determine the number of
familiarization attempts required to stabilize
the test results. The main findings indicated
statistically significant differences between
variables of spine and leg flexibility
(p<0.00), standing long jump (p<0.00),
balance (p<0.00), and shoulder flexion and
extension (p<0.00). These results have
several implications for the testing protocol
and methodological approach in preschool
rhythmic gymnasts, which will be discussed
below.

It is recommended to focus on
developing flexibility in female gymnasts
aged 4-5 years during the elementary phase
of training (Pechenevskaya, Kartashova, &
Korichko YuV, 2015). The effectiveness of
flexibility development techniques has been
tested in educational experiments and
proven to be effective. Based on our
familiarization results (Figure 1), the test
should be performed in two trials, as results
stabilized in the second trial. Previous
research (Vrbik et al., 2017), which
investigated familiarization with this testing
protocol, found that it could be performed

without requiring familiarization trials. The
difference in results may be attributed to the
older age of the children (10.8 years) in
Vrbik et al. (2017) study. The authors
explained that the simplicity of the task and
the older age of the children were favorable
for developing new capabilities, which
affected the number of testing attempts,
recognition, and stability of the results.
Training younger categories regularly
includes positions with both feet on tiptoe as
an essential element of all movements in
rhythmic gymnastics, as they are often the
starting position (Dobrijevi¢ et al., 2016).
Our study showed that the testing results for
balance (Graph 2) were stabilized in the third
trial. Research supports the effect of
familiarization (Tomac & Hraski, 2016;
Tomac et al., 2012; Vrbik et al., 2017) or
improvement in balance results after
repeated measurements (Dobrijevi¢ et al.,
2016; Shigaki et al., 2013). Most authors
attribute  better results to improved
coordination of movements and the response
of the neuromuscular system (Dobrijevi¢ et
al., 2016; Vrbik et al., 2017), as well as the
activation of larger muscle groups such as
the hip-trunk muscles (gluteus, hamstrings,
and lower back) (Shigaki et al., 2013).
According to research (Douda et al.,
2008), explosive strength is an important
determinant of successful performance in
rhythmic gymnastics (9.2%). Our study
results showed familiarization with the
testing protocol for the standing long jump
and indicated that results stabilized after four
trials (Graph 3). Other studies have reported
different  results and showed no
familiarization effect with this test (Tomac
& Hraski, 2016; Tomac et al., 2012; Vrbik et
al., 2017). The divergence may be attributed
to differences in participant age (Vrbik et al.,
2017), as their study included older
participants (10.8 years) compared to the
current study’s participants (5.9 years)
(Tomac et al., 2012). Additionally, age
groups of 6-7 year old rhythmic gymnasts
have shown the lowest annual progress rates
in explosive power, estimated at only 2-3%
(Zagrevskiy & Beznosikova, 2017), which
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could be due to insufficiently developed
strength at that age.

There is a recommendation for further
research on flexibility tests, as well as for
considering the use of this fitness component
in schools and preschools (Pate, Oria, &
Pillsbury, 2012). Shoulder flexibility
significantly reduces the risk of injuries in
gymnasts (Ling, Sleeper, & Casey, 2020);
therefore, the shoulder girdle should be
strengthened and tested regularly. Our
research on shoulder flexion and extension
indicates that familiarization had the most
stable results in the third attempt. According
to research (Celik, 2017), shoulder
flexibility increased with both cyclic and
static stretching after the intervention, and
internal rotation strength also improved with
cyclic stretching.

The significant differences observed in
spine and leg flexibility suggest that
flexibility training should be tailored to the
individual needs of preschool gymnasts.
Familiarization with the testing protocol
indicates that stability in flexibility results
can be achieved with two trials,
underscoring the importance of repetitive
practice in enhancing flexibility at an early
age. The results regarding balance tests,
which stabilized after three trials, highlight
the necessity of incorporating regular
balance training into preschool gymnastics
programs. This is consistent with existing
literature that emphasizes the role of
neuromuscular coordination and muscle
group activation in improving balance
(Dobrijevi¢ et al., 2016; Shigaki et al.,
2013). Regular balance exercises can help
young gymnasts achieve the stability
required for more complex movements in
rhythmic gymnastics.

The familiarization with the standing
long jump test and the need for four trials to
achieve stable results imply that explosive
strength training should be gradually
introduced and regularly practiced. The
divergence from other studies, which found
no need for familiarization, suggests that the
age and developmental stage of the
gymnasts are critical factors. Younger

gymnasts may require more frequent
practice to develop the explosive strength
needed for successful performance in
rhythmic gymnastics.

The stabilization of shoulder flexion
and extension results after three attempts
indicates the importance of regular
flexibility and strength training for the
shoulder girdle. This aligns with research
suggesting that shoulder flexibility reduces
injury risk (Ling, Sleeper, & Casey, 2020).
Implementing regular shoulder flexibility
assessments and targeted training can help

prevent injuries and enhance overall
performance.

The implications of this study extend to
educational programs  and policy

recommendations for preschool physical
education. The evidence supporting the
importance of flexibility, balance, and
explosive strength training in young children
underscores the need for incorporating these
components into school and preschool
curricula (Pate, Oria, & Pillsbury, 2012).
This can contribute to the overall physical
development and well-being of children,
promoting lifelong fitness habits.

The limitations of this study include the
sample  selection,  specifically  the
insufficient number of respondents and the
lack of more specific tests for rhythmic
gymnastics and the assessment of motor
skills in preschoolers. With the help of these
specific tests, we could more accurately
determine the impact of familiarization on
other motor skills, which would aid in the
development of future testing protocols.

Further studies should be longitudinal
to determine whether the training process
affects the familiarization of movements and
testing protocols.

CONCLUSION

According to the results obtained in this
research, familiarization can significantly
improve scores in motor tests across all
variables (spine and leg flexibility, balance,
standing long jump, and shoulder flexion
and extension) for preschool rhythmic

Science of Gymnastics Journal

419

Science of Gymnastics Journal



Markovic¢ et. al: : ADAPTATION OF TESTING PROCEDURES

Vol. 16, Issue 3: 413-422

gymnasts. These findings suggest several
possibilities for further research, such as
investigating the long-term effects of
familiarization on motor skill development,
the specific mechanisms through which
familiarization enhances performance, and
its impact across different age groups and
skill levels in rhythmic gymnastics. An
important factor in improving performance
quality is understanding the task. Rhythmic
gymnastics trainers and other coaches of
aesthetic sports should adapt and introduce
participants to test protocols to avoid errors
in testing. Feedback information and
adequate instructions increase gymnasts'
ability to better understand the mechanics of
movement in the mentioned motor skills. As
in previous research, this study confirmed
that the process of familiarization with
testing procedures and the feedback
provided is an important factor in the motor
evaluation of preschool rhythmic gymnasts.
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Abstract

Rhythmic gymnastics is characterized by high mobility demands on the spine, which can lead to
structural changes and associated injuries or pain. The aim of this study is to assess and compare
spinal posture in different positions, mobility, and pain perception among RG athletes. The
sample consisted of 34 gymnasts (age: 14.18 = 2.17) of grassroots and federation levels. Spinal
posture and mobility were analyzed using the Spinal Mouse® system, along with pain perception
(location and intensity) and body composition. Most gymnasts exhibited normal spinal curvature
in both standing and sitting positions. Significant differences (p<0.05) were only found in the
sacral curve during extension. Regarding lumbar mobility, differences in sacral mobility from
standing to extension were noted, with the federation-level gymnasts showing a greater tendency
for hyperlordosis in extension. In terms of pain, the lumbar region was the most affected, with
32.4% of cases reporting pain. It was observed that gymnasts experiencing pain displayed more
pronounced lumbar hyperlordosis in the standing position. A low but significant correlation was
found between lumbar pain and its intensity (p=0.045), and a moderate correlation was observed
between hip pain and pelvic tilt. The gymnasts demonstrated a greater tendency for lumbar
hyperlordosis in the standing position and during the transition from standing to extension,
which was more pronounced among federation-level gymnasts. Furthermore, there appears to
be a stronger correlation between hyperlordosis and the occurrence of lumbar pain, as well as
the intensity of pain.

Keywords: Spinal Mouse®, anthropometry, spinal curvature, pain, rhythmic gymnastics.

INTRODUCTION

Analyzing the components of training integrity has been addressed by various
load, particularly the volume of repetitive disciplines, including the study of dorsal and
work in specific postures unique to the sport, lumbar sagittal curves. Assessing spinal
can lead to musculoskeletal and spinal curvature is important due to its influence on
deterioration (Lopez-Midarro et al., 2011; the mechanical properties of intervertebral
Mahdavie et al., 2017; Muyor et al., 2011; tissues under load, which increases forces
Sainz de Baranda et al., 2010; Zemkova et and the potential for injury in young athletes
al., 2020). The analysis of the spine and its (Lopez-Minarro et al., 2011; Muyor et al.,
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2011; Smith et al., 2008; Steinberg et al.,
2021). Keller et al. (2005) studied the impact
of the angular arrangement of lumbar and
thoracic curves on the shearing and
compression of intervertebral structures.

It is therefore essential to examine the
correlation between repetitive sport practice
and spinal alignment to understand its effect
on spinal morphotype. Rhythmic gymnastics
(RG) is among the sports that involve
repeated actions of vertebral flexion,
bending, and rotation, with forced
movements at maximum intensity and
improper loading postures (Maroon &
Bailes, 1996). To assess RG's impact on
spinal alignment, it is necessary to identify
common modifications in the sagittal plane
and determine whether they contribute to
pathologies or improve spinal curvature
(Vaquero et al., 2015).

Some studies have found that ballet
dancers suffer from spinal hypermobility,
hyperlaxity, or generalized hypermobility,
which is associated with lumbar pain
(Armstrong, 2018a, 2018b; Bukva et al.,
2019; Sands et al., 2016; Steinberg et al.,
2021). Additionally, it has been observed
that dance training is associated with
increased lumbar kyphosis during maximum
trunk flexion with the knees extended
(Esparza-Ros et al., 2014). In RG, studies
have analyzed the posture and common
spinal alterations among gymnasts, with
lumbar hyperlordosis being the most
characteristic postural change in the sagittal
plane (Ambegaonkar et al., 2014; Bosso &
Golias, 2012).

Differences in competitive levels result
in varying physical demands and training
loads, which can lead to different
physiological responses. Conversely, other
authors have highlighted the postural
benefits of RG, emphasizing postural
education, strength, endurance, and
flexibility in the lumbar and hamstring
regions, all of which are crucial for proper
spinal alignment (Conesa Ros & Martinez-
Gallego, 2017; Jaime-Gil et al., 2021;
Martinez-Gallego, 2004; Piazza et al., 2009;
Sands et al., 2016).

The aim of this study is to assess and
compare the postural alignment of the spine
in standing, sitting, maximum flexion, and
maximum extension positions, as well as to
evaluate mobility and the perception of
musculoskeletal pain, in grassroots- and
federation-level rhythmic gymnasts. aim of
this study is to assess and compare the
postural alignment of the spine in standing,
sitting, maximum flexion, and maximum
extension positions, as well as to evaluate
mobility and the  perception  of
musculoskeletal pain, in grassroots- and
federation-level rhythmic gymnasts.

METHODS

The sample consisted of 34 grassroots-
and federation-level rhythmic gymnastics
(RG) athletes, aged 12 to 18 years. The mean
age (X) was 14.18 = 2.17 years. The
grassroots-level group included 20 gymnasts
(mean age: 13.75 =+ 2.24), while the
federation-level group included 14 gymnasts
(mean age: 14.79 £ 1.97). The grassroots and
federation  categories have different
requirements: the grassroots level involves a
lower degree of difficulty, with a scoring
code adapted to national regulations,
whereas the federation level applies the
highest degree of difficulty, following the
International Gymnastics Federation scoring
code.

The inclusion criteria were: being
female, having at least 3 years of experience
in rhythmic gymnastics, and participating in
grassroots or federation competitions. The
exclusion criteria were: having a current
pathology or muscle/joint injuries (within
the past 6 months), having a spinal
pathology, or having undergone surgery on
the spine or hamstring muscles.

All participants were informed about
the study procedures and provided signed
informed consent. The research complies
with the principles of the Declaration of
Helsinki and relevant local and national
legislation. The gymnasts are members of
two of the largest clubs in the province of
Pontevedra (Spain).
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Height, weight, fat-free mass, fat mass,
body fat percentage, and fat-free percentage
were  measured. Waist and  hip
circumferences were also recorded, from
which the waist-hip ratio [waist (cm)/hip
(cm)] was calculated. Another
proportionality index determined was the
Body Mass Index (BMI) [weight/height?
(kg/m?)].

Postural assessment was based on the
angular alignment of spinal curves and
pelvic tilt. The Spinal Mouse® system
(Idiag, Fehraltdorf, Switzerland) was used,
applied from the seventh cervical vertebra
(C7) to the third sacral vertebra (S3), both of
which were previously located and marked.
The variables measured included the joint
angles between the sacrum and hip bone,
thoracic curve, lumbar curve, and pelvic tilt
in each position (standing, flexion,
extension, and sitting). Additionally, the
mobility of the thoracic, lumbar, and sacral
regions, as well as tilt changes between
standing-flexion, standing-extension, and
flexion-extension positions, were analyzed.

The Spinal Mouse® system has been
validated and proven reliable for assessing
spinal curves and pelvic tilt (Demir, 2020;
Guermazi et al., 2006; Mannion et al., 2004;
Post & Leferink, 2004; Zanguie et al., 2023).
Standing measurements were conducted
according to the protocol developed by
Muyor et al. (2011), while the other postures
followed techniques described by Martinez-
Gallego (2004), Vaquero et al. (2015), and
Garcia Vélez (2019). Normal values for
relaxed standing were based on those
defined by Lopez-Miiarro et al. (2007), for
asthenic sitting and maximum trunk flexion
on those defined by Martinez-Gallego
(2004), and for maximum spinal extension in
the standing position on the parameters
preset in the Spinal Mouse software.

To assess pain perception, a numerical
scale from 0 to 10 was used to identify the
body areas where gymnasts regularly
experience pain, with 0 corresponding to no
pain/interference and 10 representing the
worst imaginable pain/interference. Scores
from 0 to 3 indicated light pain, 4 to 7

moderate pain, and 8 to 10 severe pain. The
body regions analyzed were grouped into the
hip, lumbar, and dorsal areas.

A descriptive and comparative analysis
of the studied variables was conducted,
using the mean (X) as a measure of central
tendency and the standard deviation (SD) as
a measure of data dispersion for numerical
variables, while frequencies and percentages
(%) were used for categorical variables. A
comparative analysis between groups was
also performed. To test the normality of the
data, the Shapiro-Wilk test was applied, and
homogeneity of variance was assessed using
Levene's test. The Student's t-test was used
to compare numerical variables between two
groups or categories, while the Mann-
Whitney U test was employed for variables
with a non-normal distribution.
Additionally, the Student's t-test for related
samples was used to compare spinal curves
in the standing and sitting positions, with the
Wilcoxon test used for non-normal
variables.

Spearman’s correlation coefficient was
employed to analyze the correlation between
pain intensity and various postural and
mobility variables. Data were analyzed
using SPSS 22.0 statistical software, with a
significance level of p<0.05 for all tests.

RESULTS

The values obtained for anthropometric
variables, years of training, and weekly
training hours showed no significant
differences between the grassroots and
federation levels, allowing us to conclude
that both groups were homogeneous (Table
1).

The categorization of the spinal curves
in standing and seated position is mostly
normal (Figure 1 and 2).
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Table 1
Descriptive study of anthropometric variables, years of sport practice, weekly training hours and
comparison between grassroots- and federation-level gymnasts.

Total (n=34) Grassroots-level  Federation-level
(n=20) (n=14)
X SD X SD X SD Sig.
(bilateral)

Height 15537  .09085 15396 .09314 1.5739 .08677 2907
Weight 48.3824 10.58236 47.5900 11.07068 49.5143 10.13910  .609
BMI 19.8076 2.63141 19.8293 2.83465 19.7767 2.41488 .955
Waist circumference (cm) 61.7118 5.34358 61.0700 5.20891 62.6286 5.59360 411
Hip circumference (cm) 84.9618 9.52305 84.5650 10.08993 85.5286 8.99037 776
WHR 7295 04440 7259 .04548 7346  .04397 .583
% body fat 16.9735 8.85600 16.6400 9.43863 17.4500 8.27450  .904f
% fat free 83.0265 8.85600 83.3600 9.43863 82.5500 8.27450  .904f
Years of training 8.62 2.257 8.25 1.773 9.14 2.797 .304
Training hours per week 13.79 3.109 13.65 3.628 14.00 2.287 9311

[Mean (X); Standar Deviation (SD); Body Mass Index (BMI); Waist-hip ratio (WHR)] fU de Mann-
Whitney *p<0.05
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Figure 1. Categorization of thoracic spine curves
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Figure 2. Categorization of the curves of the lumbar spine

Table 2

The sacral, thoracic, and lumbar spinal curves and pelvic tilt in each position and comparative
analysis between the grassroots-level and federation-level groups.

Total (n=34) Grassroots-level  Federation-
(n=20) level (n=14)
Sig.
X SD X SD X  SD (bilateral)

Sacrum hip in standing position 19.50° 6.316 19.90° 7.476 18.93° 4.358  .637
Sacrum hip in flexion position 105.15°  14.722 106.15° 15.882 103.71°13.333  .642
Sacro hip in extension position 21.91°  97.839 19.45° 105.334 25.43° 89.780 .030"
Sacro hip in sitting position 14.59° 7.488 13.05° 7.681 16.79° 6.874  .155
Thoracic curve in standing position ~ 20.88° 26.369 17.35° 26.615 25.93° 26.137 .500f
Thoracic curve in flexion position 45.26° 10.632 44.50° 10.435 46.36° 11.209 .691%
Thoracic curve in extension position ~ -.09° 24.667  6.75° 25.786 -9.86° 19.949 .052
Thoracic curve in sitting position 18.74° 19.300 17.65° 14.957 20.29° 24.783 .457%
Lumbar curve in standing position -28.56° 6.268 -28.80° 7.302 -28.21° 4.644 793
Lumbar curve in flexion position 28.62° 10.566 28.95° 11.941 28.14° 8.637 .830
Lumbar curve in extension position  -65.76°  18.159 -62.50° 19.435 -70.43° 15.658 .215
Lumbar curve in sitting position -8.29° 12.717 -5.85° 14.199 -11.79° 9.673  .184
Pelvic tilt in standing position 3.32° 4117 335 4.804 3.29° 3.049 .743f
Pelvic tilt in flexion position 136.82°  12.677 138.30° 12.482 134.71°13.117  .425
Pelvic tilt in extension position -63.47°  10.880 -65.15° 11.824 -61,07° 9.253  .289
Pelvic tilt in sitting position 12.44° 5971 11.85° 5.842 13.29° 6.269  .499

[Mean (X); Standar Deviation (SD)] TU de Mann-Whitney *p<0.05

Table 2 shows the degrees of spinal
curvature in the different positions
(standing, sitting, flexion, and extension). In
the  comparative  analysis  between
grassroots-level and federation-level
gymnasts, significant differences (p<0.05)
were observed only in the curvature formed
by the sacrum and hip bones during
extension.  Federation-level ~ gymnasts

displayed a greater curvature, indicating a
higher tendency for hyperlordosis (Table 2).

In the comparative analysis, significant
differences (p<0.001) were found in the
spinal curvatures between the standing and
sitting postures. There was a greater
tendency for hyperlordosis in the sacral
curve (p=0.003) and an increased lumbar
curvature (p=0.000) in the standing position,
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along with a greater pelvic tilt (p=0.000) in
the sitting position. Similar differences were
observed among grassroots-level gymnasts,
with significant variations in the sacral
(p=0.005) and lumbar curves (p=0.000), and
in pelvic tilt (p=0.000). Federation-level
gymnasts showed significant differences
only in the lumbar curve (p=0.000) and
pelvic tilt (p=0.000), with more pronounced
lordosis in the standing posture.

Table 3 presents the mobility analysis
of different spinal regions. The comparative
study between gymnast levels revealed
significant differences (p<0.05) in the sacral
region concerning mobility from standing to
extension.  Federation-level ~ gymnasts
showed an increased degree of curvature in
the extension posture compared to standing,
indicating a greater tendency for
hyperlordosis in extension. Conversely,
grassroots-level gymnasts exhibited a
decrease in curvature, suggesting a lesser
tendency for hyperlordosis in extension
compared to the standing posture.

Significant differences (p<0.05) were
also found in the extension-to-flexion
motion for the sacrum and the thoracic
curve. The sacral region showed a greater
increase in curvature for grassroots-level
gymnasts compared to federation-level
gymnasts, indicating a higher tendency for
hyperlordosis in flexion among grassroots-
level gymnasts. In the thoracic region,
federation-level gymnasts demonstrated a
higher degree of curvature than grassroots-
level gymnasts, reflecting a greater tendency
for kyphosis in flexion among federation-
level gymnasts.

35.3% of gymnasts experience some
degree of pain, with 40% of grassroots-level

Table 3

gymnasts and 28.6% of federation-level
gymnasts reporting pain. The most common
pain location across the pooled sample was
the lumbar region, followed by the hip, and
then the dorsal region. In federation-level
gymnasts, although the Ilumbar region
remained the most common area of pain, the
second most common location was the
dorsal region, with no cases of hip pain.

When analyzing hip pain separately, it
was found that 14.7% of the total
participants experienced this type of pain,
including 25% of grassroots-level gymnasts.
Dorsal pain was reported by 5.9% of
participants, with 5% of grassroots-level and
7.1% of federation-level gymnasts affected.
The highest incidence of pain was observed
in the lumbar region, affecting 32.4% of the
cases, including 35% of grassroots-level and
28.6% of federation-level gymnasts.

Table 3 shows the distribution of pain
intensity by spinal region for those gymnasts
who experienced pain. Lumbar pain was the
most common in both groups, with the
highest pain scores recorded. The intensity
of pain was similar across both competitive
levels (Table 3).

To analyze the relationship between
experiencing pain and postural patterns,
gymnasts were first divided into two groups:
those who experienced pain in any region
and those who did not. They were then
further categorized into two groups based on
whether they experienced lumbar pain or
not. The analysis revealed significant
differences in lumbar curvature in the
standing  posture, with those who
experienced any type of pain showing
greater lumbar hyperlordosis (Table 4).

Intensity of pain perception in the pooled sample and in the grassroots- and federation-level

groups.

Total

Grassroots-level Federation-level

N X(SD) Min Méx

n_ X(SD) Min Max n _ X(SD) Min Max

Perception of hip pain 5 6.8(046) 6 7

5 6.800045) 6 7 0

Perception of thoracic pain 2 6.5(0.71) 6 7

1 7 7 7 1 6 6 6

Perception of lumbar pain 11 7.18(1.25) 5 9

7 714(157) 5 9 4 7.25050) 7 8

[Mean (X); Standar Deviation (SD)]
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Table 4

Comparison of spinal morphology between gymnasts with
gymnasts with and without lumbar pain.

and without pain, and between

No pain Pain No lumbar pain  Lumbar pain

(n=22) (n=12) (n=23) (n=11)

X SD X SD  Sig X SD X SD  Sig
Sacrum hip in standing position 19.27° 6.833 19.92° 5501 .781 19.26° 6.676 20.00° 5.762 .755
Sacrum hip in flexion position 102.23°14.155 110.50° 14.811 .119 102.96° 14.265 109.73° 15.278 .215
Sacro hip in extension position 7.86° 74.135 47.67° 130.792 .6577 7.48° 72.454 52.09° 136.231 .8007
Sacro hip in sitting position 13.55° 7.614 16.50° 7.167 .278 13.61° 7.445 16.64° 7.500 .277
gg?.{.acféc curve in standing 18.32° 29.325 25.58° 20.174 557" 19.09° 28.887 24.64° 20.877 .717%
Thoracic curve in flexion position 48.18° 9.200 39.92° 11.373 .058" 47.96° 9.053 39.64° 11.885 .084f
ggsol:?gr'f curve In extension 1.14° 22,710 -2.33° 28.849 .701 2.30° 22.884 -5.09° 28.550 .422
Thoracic curve in sitting position  15.73° 22.224 24.25° 11.104 .204" 16.00° 21.753 24.45° 11.622 .188f
Lumbar curve in standing position -26.86° 5,955 -31.67° 5,821 .030* -27.13° 5.957 -31.55° 6.089 .053
Lumbar curve in flexion position  29.95° 11,408 26.17° 8,737 .325 29.70° 11.215 26.36° 9.135 .398
ggsr:‘tf’jnr curve In extension -66.77° 17,320 -63.92° 20,268 668 -67.39° 17.180 -62.36° 20.495 459
Lumbar curve in sitting position ~ -5.77° 13,402 -12.92° 10,308 .119 -6.13° 13.206 -12.82° 10.806 .154
Pelvic tilt in standing position 4.18° 4,159 1.75° 3,696 .094" 4.04° 4.117 1.82° 3.868 .1437
Pelvic tilt in flexion position 135.50° 12,301 139.25° 13,539 .418 135.96° 12.216 138.64° 14.023 .572
Pelvic tilt in extension position -62.41° 11,492 -65.42° 9,830 .450 -62.04° 11.364 -66.45° 9.595 .275
Pelvic tilt in sitting position 13.18° 5885 11.08° 6,142 .335 12.87° 5941 11.55° 6.219 .553
[Mean (X); Standar Deviation (SD)] 1 U de Mann-Whitney *p<0.05

When comparing mobility between correlation.  Additionally, a significant

groups with or without pain, and those with
or without lumbar pain, none of the variables
showed significant differences between the
groups experiencing general or lumbar pain.
However, a notable difference, though not
significant, was observed in sacral mobility
from standing to extension. Gymnasts with
pain exhibited a greater tendency for
hyperlordosis in extension, while those
without pain showed a reduced tendency for
hyperlordosis.

To explore the relationship between the
intensity of lumbar, thoracic, and hip pain
and various spinal curves, inclinations, and
mobility, a correlation study was conducted.
For lumbar pain, lumbar curvature in the
standing position was the only variable with
a significant relationship (p=0.045), with a
Spearman's Rho coefficient of -0.346,
indicating a low correlation. This suggests
that greater lumbar lordosis in the standing
position is associated with higher pain
levels. For hip pain, a significant correlation
was found with thoracic curvature in
extension (p=0.04), with a correlation
coefficient of 0.354, showing a low

correlation was observed with pelvic tilt in
the standing position (p=0.01), with a
Spearman's Rho coefficient of -0.434,
indicating a moderate correlation; greater
pain was associated with a lesser pelvic tilt.
No significant correlation was found
between dorsal pain intensity and any of the
analyzed variables.

DISCUSSION

The primary objective of this study was
to compare normality ranges in various basic
and sport-specific postures, and to determine
if deviations from normality were more
pronounced in forced versus relaxed
postures. Additionally, the study aimed to
compare mobility ranges and pain
perception across different competitive
levels (grassroots and federation-level).
Research on this topic is limited, but
protocols for ballet dancers—a discipline
with requirements thought to be comparable
to rhythmic gymnastics (RG)—are available
(Vaquero et al., 2015).
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The first finding was that gymnasts
generally displayed normal thoracic values
in standing and sitting postures. However,
during maximum extension, most gymnasts,
particularly those at the federation level,
showed a tendency for thoracic adjustment.
Ballet dancers also exhibited a tendency for
thoracic adjustment, with values of
18.51+10.71°, falling within <20° (Vaquero
et al., 2015). In contrast, RG athletes in the
standing posture were within normal
standards, with a mean of 20.88°, indicating
that this posture did not align with the
analyzed sample (Vaquero et al., 2015).
Notably, grassroots gymnasts had greater
thoracic adjustment values (17.35°+26.615°)
compared to federation-level gymnasts
(25.93°£26.137°). This  suggests that
competitive level differences influenced this
aspect in the opposite direction from what
was initially predicted.

In standing posture, ballet dancers had a
lumbar curve of -24.74+8.53°, which falls
within the intermediate range of -20° to -40°
(Vaquero et al., 2015). Gymnasts in our
study had a similar mean lumbar curve of -
28.56°+6.268, also within the range of -20°
to -40°, indicating a tendency towards
hyperlordosis in rhythmic gymnastics.

At maximum trunk flexion, the thoracic
region showed similar results between our
study and that of Vaquero et al. (2015).
Ballet dancers had a mean thoracic curve of
42.61+11.14°, while gymnasts had a mean of
45.36+10.632°. This similarity suggests that
both disciplines impose similar demands on
thoracic curvature in this posture. For the
lumbar curve, gymnasts exhibited a pattern
of kyphosis at maximum trunk flexion,
similar to ballet dancers (Esparza-Ros et al.,
2014).

In the sitting posture, ballet dancers had
a thoracic curve value of 6.32+9.84°
(Vaquero et al., 2015). In contrast, rhythmic
gymnasts had a mean of 18.74°£19.30°,
reflecting a normal thoracic curve. The
lower values in ballet dancers could be
attributed to scapular retraction. The
postural reeducation associated with these
disciplines  likely helps avoid the

hyperkyphotic tendency typical in the
general population. The flexibility of the
ischiosural muscles in gymnasts might
reduce the kyphotic curve, minimizing the
load on the thoracic area. However, our
study found that most gymnasts exhibited
greater thoracic adjustment without a
tendency towards kyphosis in relaxed
postures.

It should be noted that mobility from
standing to extension was greater in
federation-level gymnasts compared to
grassroots-level gymnasts. Federation-level
gymnasts demonstrated a larger range of
movement in the sacral region, which may
indicate a tendency towards hyperlordosis in
this posture and could be associated with an
increase in lumbar pain.

In fact, 34.5% of gymnasts experienced
lumbar pain, with federation-level gymnasts
exhibiting the highest prevalence in this
region. In  contrast, grassroots-level
gymnasts reported more distributed pain
across other sections. These findings are
consistent with other research studies
(Armstrong, 2018a, 2018b; Bukva et al.,
2019; Deighton, 2005; Sands et al., 2016;
Steinberg et al., 2021). It is crucial to seek
preventive measures to ensure that increased
mobility does not negatively impact high-
level competitive gymnasts, particularly in
the lumbar region.

It is important to acknowledge several
limitations of this study. Firstly, the sample
size for federation-level gymnasts was
smaller compared to that of grassroots-level
gymnasts. Although the hours and types of
training are relatively similar at both levels,
with only minor adjustments to federation
standards, differences might be more
pronounced if other levels of competition,
such as pre-grassroots, were included. These
lower-level gymnasts generally have fewer
training hours and less demand.
Additionally, gymnasts experiencing pain,
particularly those with specific organic
conditions like spondylolysis or Bertolotti
syndrome secondary to sacralisation, were
not assessed using imaging methods, which
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could provide more detailed insights into
their conditions.

CONCLUSIONS

Rhythmic gymnasts exhibit specific
alterations in spinal curvature, notably a
greater  tendency  towards lumbar
hyperlordosis, particularly evident in
federation-level gymnasts. There appears to
be a stronger correlation between
hyperlordosis and the occurrence of lumbar
pain, as well as with the intensity of training.

Federation-level gymnasts have a
higher prevalence of low back pain. Despite
this, rhythmic gymnastics provides postural
control benefits in positions such as sitting,
leading to a reduced kyphotic tendency in
the thoracic region during relaxed standing
and asthenic sitting.

These findings underscore the need for
further research into sports that involve
hypermobility and laxity. Such studies could
provide a scientific basis for physical
trainers and sports rehabilitators to develop
strategies aimed at reducing injury rates.
Increasing strength training for the
abdominal and lumbar muscles may be
particularly beneficial, as it could help
alleviate localized or distributed pain.
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Abstract

A study was performed with the objective of analyzing the relationship between shoulder
flexibility and handstand performance across three female artistic gymnastics apparatuses: floor
exercise (FX), balance beam (BB), and uneven bars (UB). Twenty-one gymnasts participated
and were divided into two groups: “G1”, consisting of twelve child gymnasts, and “G2”,
consisting of nine adolescent gymnasts, aged 9 and 14 respectively. The study aimed to consider
the sensitive phases for the development of flexibility. Using the Kinovea program, the shoulder
angle (°H) in the handstand and the alignment of the joint segments (AJS) involved were
analyzed. Participants underwent two different active shoulder flexibility tests (GFMT and FIG),
and results were compared between the groups. Significant differences were found between
groups in the GFMT test (p = 0.018), the FIG test (p = 0.026), and AJS in the BB handstand (p
= 0.043). Significant relationships were also observed between the GFMT test and °H in UB (p
= 0.021); and between the FIG test and °H in BB (p = 0.006), both withing the cild gymnast
group. Overall, the adolescent group presented better scores, supporting the notion of greater
body awareness and technical mastery of the handstand across the different female artistic
gymnastics apparatuses.

Keywords: ROM, shoulder angle, handstand, sport performance.

INTRODUCTION

In the long-term development of prerequisites such as flexibility, strength,
gymnasts, overall loading  ability, and basic structural development. Optimal
particularly the loading ability of the motor mobility ranges enhance technical efficiency
and support systems, holds a central position and provide greater possibilities for
(Fink, Hofmann, & Ortiz Lépez, 2021). Poor performance (Weineck, 2005). This increase
posture can compromise the athlete's entire in mechanical efficiency results from
system and, due to the systematic strength executing sports movements at the limits of
training undertaken by gymnasts, may motion (Dantas, 2012). A gymnast lacking
exacerbate existing muscle shortenings and flexibility will have to exert more effort and
create new ones (Bessi, 2016). According to will fatigue more quickly (Bessi, 2016).
the FIG (2021), achieving safe, systematic Flexibility limitations can lead to learning
development and avoiding inefficient joint errors and faulty movement patterns,
positions requires a high level of resulting in defective movement engrams
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(Di Santo, 1997). Therefore, it is essential to
thoroughly study the minimum angular
amplitudes required for specific movements
or gestures for each joint (Di Santo, 1997).
The joint must possess both mobility and
stability simultaneously—two seemingly
opposite qualities (Dantas, 2012).

Gomez-Landero Rodriguez (2013)
analyzed the correlations between variables
related to active and passive flexibility and
sports  performance in  trampolinists.
McLaren et al. (2015) identified the mean
angle of the wrist joint during a backward
flic-flac in gymnasts and concluded that
there is a relationship between the angle of
wrist impact and the angle of shoulder
flexion. Ledon-Prados et al. (2011) verified
the relationship between certain flexibility
tests and competitive performance in male
gymnasts across different apparatuses.

Many movements in gymnastics require
a high degree of joint amplitude (Di Santo,
1997). The handstand often serves as the
starting, finishing, or transition position
between various elements, making its
mastery central to the training and
development of gymnasts (Bessi, 2016). The
joints, from the wrist to the ankle, must be
aligned along the same axis perpendicular to
the ground, with scapulo-humeral flexibility
being crucial. This flexibility must reach at
least 180°; otherwise, the center of gravity of
the trunk and lower limbs will be misaligned
(Di Santo, 1997). The force of gravity on the
respective barycenters of the different body
segments is nearly aligned along a straight
line (Bessi, 2016). A limitation in shoulder
flexibility restricts the "open shoulder angle”
position (Uzunov, 2008).

Several studies have highlighted the
importance of strategies for maintaining
handstand balance and the varied muscular
activity involved (Kochanowicz et al., 2018;
Rohleder & Vogt, 2019). Rohleder and Vogt
(2018a; 2018b) explored the use of various
feedback stimuli to improve and maintain
posture. Gautier et al. (2007) evaluated the
role of central and peripheral vision in the
postural regulation of the handstand.
Kochanowicz et al. (2017) described

differences in muscle activation during
handstands on different apparatuses in male
gymnasts, considering variations in grips
and hand positions. These coordinated
responses involve feedback from the
proprioceptive, visual, and vestibular
systems (Uzunov, 2008).

Irurtia et al. (2010) evaluated flexibility
in gymnasts and its evolution in relation to
specific training. Other researchers have
proposed measurement programs with
various tests, including specific tests for
assessing active shoulder joint flexibility
(Goémez-Landero Rodriguez et al., 2011;
Sleeper et al., 2012; Sleeper et al., 2016;
Vernetta et al., 2017; Mkaouer et al., 2018).
The FIG Age Group Program (Fink et al.,

2021), within the "Physical Ability
Development and Testing Program," offers a
different alternative. Considering the

sensitive phases for the development of
flexibility, as proposed by Issurin (2012),
between the ages of 7 and 10, and
specifically by authors specializing in
artistic gymnastics who suggest that the
training/adaptation relationship  between
ages 6 and 12 is highly favorable for
developing this ability (Bessi, 2016), it
would be expected to find differences
between child and adolescent gymnasts in
joint ranges and postural control in both tests
and more complex situations such as
gymnastic elements.

The objectives of this study were:

1. To investigate the relationship
between the ranges of shoulder joint
flexibility in flexion with °H in the

handstand and AJS in the handstand across
different apparatuses in child and adolescent
gymnasts.

2. To compare both groups in terms of
shoulder flexibility, °H, and AJS in the
handstand on FX, BB, and UB.

METHODS
An observational study was conducted

involving 21 female artistic gymnasts from
the Molins de Rei Gimnas Club in
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Barcelona. Following the criteria established ¢) Training at least three times a week for a
by Bessi (2016), the gymnasts were divided minimum of three hours per session.
into two groups: G1, consisting of 12 d) Not having any excluding injuries.
gymnasts aged 7 to 12 years, and G2, All participants were informed about
consisting of 9 gymnasts aged 13 to 17 years the study, and written informed consent was
(Table 1). obtained from their parents or legal
The inclusion criteria were: guardians. This study was conducted in
a) Having more than one year of artistic accordance with the Declaration of Helsinki
gymnastics training. and the International Principles governing
b) Being able to perform a handstand on FX, research, and it received a favorable opinion
BB, and UB, with an alignment within 10° from the Bioethics Commission of the
of the handstand position, as required by the University of Barcelona.

gymnastics scoring code to be considered
valid (FIG, 2020).

Table 1
Descriptive profile of Group 1 and Group 2 (Mean + SD).
Age Weight Height IMC Years of training
Gl 9.500 + 1.834 32.867 + 8.823 1.368+£0.124  17.264 + 1.787 4.500 + 1.679
G2 14.778 £ 1.856  54.733+10.983  1.588 £0.088  21.493 £2.416 9.222 +2.819
The evaluations were conducted by the (the edge closest to the gymnast) and the
principal investigator, with assistance from club is measured in centimeters. A score
artistic gymnastics coaches from the Molins between 1 and 10 is given based on the
de Rei Gimnas Club who were familiar with centimeters achieved, as detailed in the test
the tests. The tests were performed during table (Fink et al., 2021) (Figure 1).
training sessions, following an initial warm- 2) Shoulder flexibility test from GFMT
up that included general mobility exercises, (The Gymnastics Functional Measurement
active and passive flexibility, specific Tool), Sleeper et al., (2012; 2016).
postures, and lumbo-pelvic The evaluation was conducted carefully
activation/stabilization. following the “Instructions for the
Five tests were conducted over two Administration of the GFMT.” The gymnast
different days, during the middle of the lay face down on the floor with a cane in her
competitive period. On the first day, two hands and raised her arms, extended to their
flexibility tests were recorded. On the maximum height. The final result was
second day, the execution of the handstand determined by measuring the height reached
was recorded on video; in FX, on BB (20 and relating it to the length of the gymnast's
centimeters high and 10 centimeters wide), arm (Figure 2). A score between 0 and 10
and on UB (15 centimeters high). Before was then assigned based on the obtained
each evaluation, the gymnasts were given result.
specific instructions and allowed time for 3) The handstands were recorded using
familiarization with the procedures. a Samsung Galaxy S20 Ultra LTE mobile
1) Shoulder flexibility test from the Age phone with software version 12.0.01.6. The
Group Program (Fink et al., 2021): recordings were made from the sagittal plane
The gymnast stands with legs extended with a white wall background, positioned
against a handstand bar, holding a club 4.85 meters from the center of the support
firmly with hands shoulder-width apart and at a height of one meter (Rohleder &
behind the bar. The distance between the bar Vogt, 2019). A line was drawn in front of the
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gymnast for hand support as a reference.
Each gymnast started the handstand from the
side that allowed them to analyze their
dominant side in relation to the leg used to
take the first step. The instructions were to
reach the handstand position, bring the feet
together as aligned as possible, and descend
under control to the starting position. Each
gymnast made at least three attempts, with
the best attempt being maintained for
analysis.

Markers were placed at the following
anatomical landmarks to identify angles of
the different segments in the sagittal plane
for subsequent analysis (Gautier, 2007): 1)
wrist (styloid-ulna process), 2) shoulder
(posterior deltoid), 3) hip (greater trochanter
of the femur), 4) knee (lateral epicondyle of
the femur), 5) ankle (apex of the fibula or
lateral malleolus) (Rohleder & Vogt, 2019)
(Figure 3A). The optimal handstand position

for assessment was determined at the
moment when the movement began to
reverse to return to the starting position
(Masser, 1993; Rohleder & Vogt, 2018b).
The Kinovea analysis software, version
0.9.5, was used to observe and analyze
performance in the handstand.

A) °H (Figure 3B).
The shoulder joint angle was recorded in
degrees and segments 1-2-3 considered.

B) AJS (Figure 3C).
A screenshot of the handstand at its optimal
point was captured, and a handstand line was
drawn from the support (wrist joint). Using
the five anatomical landmarks marked on the
gymnasts and the handstand descriptions
proposed by Di Santo (1997) and Bessi
(2016), the analysis was conducted by
evaluating the alignment of the segments
(A).

Figure 1. Age Group Flexibility Test, FIG; Age GroupHigompetition Development

Program for Women's Artistic Gymnastics.

Figure 2. Shoulder Flexibility Test GFMT.
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Figure 3. Evaluation of the handstand in the different apparatuses; F, BB and UB.

Note:

A) Joint segments marked for evaluation, numbered 1 to 5.

B) Shoulder joint angle.
C) Number of segments aligned.

A descriptive analysis (mean, standard
deviation, and minimum/maximum range)
was conducted for each group and their
corresponding evaluations. The normality of
the variables was assessed using the
Shapiro-Wilk test, and homoscedasticity
was checked with the Levene test where
appropriate. Based on these results,
differences between groups were analyzed
using either the Student's t-test, Student's t-
test with Welch correction, or the Mann-
Whitney U test. Effect sizes were
determined using Cohen's d or the rank
biserial correlation coefficient, respectively.

To examine the relationships between
tests, the normality of the distribution was
verified using the Shapiro-Wilk test for the
results of each flexibility test (independent
variables) and the performance in the
handstand (dependent variables). The
Pearson or Spearman correlation coefficient,
depending on the distribution, was used to
observe the associations between the
variables. Statistical significance was set at
p<0.05. Statistical analyses were performed
using JASP software, version 0.16.0.0
(Department of Psychological Methods,
University of Amsterdam, Netherlands).

RESULTS

When comparing the results between
Gl and G2, significant differences were
found in three of the eight evaluations
conducted (Table 2) (Figure 4).

For the GFMT test, one of the samples
did not fit a normal distribution (W G1 =
0.859; p = 0.048; W G2 = 0.930; p = 0.481).
Statistically significant differences were
observed in favor of G2, which achieved
higher scores (U = 21,000; p = 0.018) with a
large effect size (rb = 0.611).

For the FIG test, one of the samples did
not fit a normal distribution (W G1 = 0.931,
p = 0.395; W G2 = 0.505; p < 0.001).
Statistically significant differences were
found in favor of G2, which scored higher (U
= 23.500; p = 0.026) with a large effect size
(rb =0.565).

For AJS in the handstand on BB, both
samples fit a normal distribution (W G1 =
0.900; p = 0.156; W G2 = 0.892; p = 0.208)
and met the assumption of homoscedasticity
(F = 0.086; p = 0.773). Statistically
significant differences were found in favor
of G2, which achieved higher scores (t = -
2.175; p = 0.043), with a 95% confidence
interval between -2.076 and -0.035 points,
and a very large effect size (d = -0.955).
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Figure 4. Statistically significant differences between G1 and G2 in the “GFMT / FIG” tests
and the performance evaluations in the “AJS in BB” handstand.

Table 2.
Values achieved in the evaluations and differences between both groups.
Gl G2
Test Mean + SD Range Mean + SD  Range Estatistical p 1.c95% d/1b
GFMT 1.167 £1.115 0-3 2.889+1.616 0-5 21.000 ¢ 0.018* 0.611
*
FIG 6.833 +2.443 3-10 8.889 +£2.667 2-10 23.500 ¢ 0.026 0.565
. a 0.193 0.595
H -F 176.000 £5.099 167 —-184  178.778 £3.993 172 -183 -1.350

AJSF 2917 £1.240 1-5 3.889+0.782 3-5 27.000 € 0.052 0.500
°H BB 176.667 £4.677 168-184 180.444+7.892 171 -195 -1.278 b 0.225 0.582
AJS BB 2.500 + 1.168 1-5 3.556 +1.014 2-5 -2.165 a 0.043* -2.076/-0.035 0.955
°H UB 178.000 £ 8.202 166 + 194 180.111 +£6.827 172-195 -0.626 a 0.539 0.276
AJS UB 2.167+ 1.030 1-4 2.778 £ 0.833 2-4 36.000 © 0.194 0.333

*p < 0,05 statistically significant relationships.
4t de Student; Pt de Student with the correction

Finally,  the  associations  and
statistically significant relationships
between the results of the GFMT/FIG tests
and handstand performance (°H and AJS) on
FX, BB, and UB are summarized (Table 3).
Two statistically significant relationships
were found in G1, while no statistically
significant relationships were observed in
G2 (Figure 5).

In G1, there was a statistically
significant and  directly proportional
association between GFMT and °H in UB (r
= 0.655; p =0.021; 95% CI: 0.893 to 0.129).

of Welch; ¢ U de Mann-Whitney.

Additionally, there was a statistically
significant and directly proportional
association between FIG and °H in BB (r =
0.742; p = 0.006; 95% CI: 0.923 to 0.294).

Two associations approached
significance: between FIG and °H in the
handstand on UB (r = 0.553; p = 0.062), and
between FIG and °H in the handstand on BB
(r = 0.642; p = 0.062). Both associations
showed a trend towards significance but
were not statistically significant.
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Figure 5. Statistically significant relationships between flexibility tests and performance
evaluations in handstand.

A) GFMT / Shoulder angle in UB, G1.

B) FIG / Shoulder angle in BB, G1.

Table 3.
Significant relationships and directly or inversely proportional associations between flexibility
tests and performance evaluations in the handstand.

GFMT G1 FIG G1 GFMT G2 FIG G2
r/'p r/ip r/p r/'p
°H F (+)0.2242/0.484 (+)0.224%/0.484  (+)0.015%/0.969 (+)0.069°/0.860

AJS SU (-)0.055%/0.866 (-)0.275%/0.387  (+)0.286% /0.456 (+)0.232°/0.548
°H BB (+)0.343%/0.275 (+)0.742 3 0.006%* (+)0.426% /0.253 (+)0.642°/0.062

AJS BB (-)0.3492/0.266 (-)0.223%/0.486  (+)0.042%/0.914 (-)0.036°/0.927
°H UB (+)0.655°/0,021* (+)0.553%/0.062  (-)0.0782/0.842 (+)0.232°/0.548
AJS UB  (-)0.185%/0.565 (+)0.337%/0.248  (+)0.258%/0.503 (-)0.464°/0.209

*p < 0,05; **p < 0,01 Statistically significant relationships.
(+) Directly proportional association; ( - ) Inversely proportional association.
aPearson's r; ° Spearman's rs.

DISCUSSION These findings contrast with those of
Gomez-Landero Rodriguez et al. (2013),

This study aimed to investigate the who evaluated flexibility in two groups of
relationship ~ between  shoulder joint female trampolinists: under-15 (11.44 +1.23
flexibility in flexion, handstand °H, and AJS years) and absolute (16.1 +2.02 years). They
in different apparatuses for child and found no significant differences in the active
adolescent gymnasts, and to compare shoulder flexion range, with results of
performance between the two age groups. 184.91° + 13.97 and 184.56° + 21.02,
The results revealed significant differences respectively, for each group. Their shoulder
favoring G2, which achieved better results in flexibility test, which is similar to the GFMT
the evaluations. Significant differences were in terms of the athlete's position, measures
observed in the GFMT and FIG tests degrees rather than centimeters of distance
between the groups. from the floor and arm length. Their study
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concluded that flexibility may not be an
exclusively  determining  factor  in
performance for trampolinists, unlike other
gymnastic disciplines.

Regarding the comparison of handstand
performance, Kochanowicz et al. (2018)
found that young male gymnasts (13.9 + 0.7
years) exhibited significantly  higher
displacements of the center of pressure in
both the medial-lateral and anteroposterior
axes compared to elite adult gymnasts (23 +
3 years). This aligns with our findings,
which  show  statistically  significant
differences in AJS in the BB handstand in
favor of G2. The more experienced G2
gymnasts appear to achieve greater control
and body awareness, starting from the
support and demonstrating better shoulder
location and stability. When the base of
support is small, an effective shoulder
strategy becomes crucial (Hedbavny et al.,
2013). As fitness levels improve, the quality
and stability of the handstand are less
influenced by external factors (Omorczyk et
al., 2018).

Furthermore, Kochanowicz et al.
(2019) highlighted that in floor handstands,
parallel bars, and rings, the muscles with the
highest EMG activity—exceeding 30% of
the maximum voluntary contraction—are
those of the upper limbs. The greatest EMG
activity was observed on rings, the most
unstable apparatus, where shoulder muscles
exhibited increased activity. Significant
differences were found in only five of the 13
muscles studied when comparing young
gymnasts (13.9 + 0.7 years) with adults (25.6
+ 3.94 years), who showed lower muscle
activation. In our study, G2 demonstrated
superior mastery and control, reflected in
higher scores for °H (closeness to 180°) and
AJS across all handstands. Although a
statistically significant difference was found
only in AJS of the BB handstand (p = 0.043),
AJS in the FX handstand also tended
towards significance (p = 0.052).

In the AJS of UB, the results showed the
greatest parity between the two groups. This
can be attributed to the inherent complexity
of the UB handstand, where achieving and

maintaining virtuosity is challenging due to
the nature of the support and base. In
routines and training, the handstand on UB
is often used as a transitional position rather
than one requiring sustained maintenance,
unlike the handstands on FX and BB, where
maintaining the position is more common,
especially during developmental and
training stages.

Although Kochanowicz’s studies differ
from ours in terms of gender, age, and
developmental stages of the gymnasts, it is
reasonable to assume that more years of
training contribute to better control and
technical mastery of the handstand. For more
experienced athletes, maintaining an
inverted position may become more
"natural” compared to less experienced
gymnasts (Omorczyk et al., 2018).

In general, flexibility is positively
related to performance in gymnastics. Ledn-
Prados et al. (2011) found statistically
significant relationships between active and
passive flexibility tests and performance on
three men's gymnastics apparatuses. They
observed significant correlations between
flexibility in hip flexion and performance on
the parallel bars (r = -0.842**) and the fixed
bar (r = -0.696*), as well as between
flexibility in hip abduction and performance
on the pommel horse (r = 0.652), parallel
bars (r = 0.629), and horizontal bar (r =
0.815). Furthermore, flexibility emerged as
a key quality in the fitness profile results,
identified as one of the determinants of
gymnastics performance (Mkaouer et al.,
2018).

Referring to the relationships between
GFMT/FIG results and performance
evaluations in the handstand, only two
statistically significant relationships out of
the 24 proposed were found. These were
between GFMT and °H in UB for G1 (p =
0.021) and between FIG and °H in BB for
G1 (p = 0.006). These findings show some
similarity to those of Sleeper et al. (2012),
who did not find significant correlations
between the competitive level of female
gymnasts and the results of the GFMT
shoulder flexibility test, although the results
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were close to significance (p = 0.05).
However, they did find a significant
correlation between test results and age (p =
0.00). Conversely, Sleeper (2016) identified
statistically significant relationships
between GFMT results and competitive
level (p = 0.01) and age (p = 0.002) in male
gymnasts.

In the current study, GFMT and FIG
generally showed a directly proportional
association with handstand performance
measured in °H. This means that as
flexibility scores increase, the °H in the
handstand approaches 180°. This trend was
observed for G1 across both tests and all
handstands (F, BB, and UB), totaling six
associations. For G2, only one association
was inversely proportional (between GFMT
and °H in PA), while the remaining five
associations were directly proportional.

McLaren (2015) identified statistically
significant relationships between shoulder
angle and wrist angle during the impact
phase of a backward flic-flac (p = 0.04),
noting that greater shoulder amplitude
reduces wrist hyperextension. This suggests
that increased shoulder flexion amplitude
can be beneficial for achieving optimal
positioning during inverted supports, such as
handstands or temporary positions like flic-
flacs.

Regarding the association between
GFMT/FIG and AJS, the results varied
between groups. In G1, there were more
inversely proportional associations,
indicating that as flexibility test scores
increased, AJS decreased. Specifically, G1
had five inversely proportional associations
out of a total of six, with the relationship
between FIG and AJS in UB being the only
directly proportional association.

In contrast, G2 showed fewer inversely
proportional associations, with only two out
of six evaluated relationships being
inversely proportional. These were the
associations between FIG and AJS in BB
and UB.

To maintain balance, gymnasts initially
use a wrist strategy, followed by a shoulder
strategy, and will resort to a hip strategy in

cases of major disturbances or imbalances
(Kochanowicz, 2018). Experience, maturity,
and technical mastery over the years likely
enhance postural control and alignment of
body segments from the support to the
ankles. Increased flexibility in younger
gymnasts can lead to greater swings and
disturbances that are harder to control.
Consequently, achieving a shoulder angle of
180° in the handstand does not always
ensure proper alignment of the other joint
segments. As Gamble (2021) suggests, it is
crucial to prioritize both mobility and
neuromuscular training to help athletes
control their range of motion while
maintaining postural and joint integrity.

Regarding flexibility, it is noteworthy
that in both groups, some gymnasts achieved
the ideal score of "10" on the FIG test, while
the maximum score on the GFMT test was
only "5" out of a possible "10" points. This
suggests that the GFMT may be a more
demanding measure of flexibility. This
distinction could be an important
consideration for future studies or for
coaches when evaluating their gymnasts.

Future studies could benefit from
investigating which joint segments are most
likely to align or misalign during
handstands, as well as exploring the
underlying reasons for these patterns. The
data provided by this study offer a
foundation for further exploration into the
complex and multifaceted aspects of
handstand performance.

LIMITATIONS OF THE STUDY

It is important to note that the sample
size was small, and there may have been
greater variations in technical level within
Group 1 (ages 7 to 12) compared to Group 2
(ages 13 to 17). These differences in
technical proficiency could have influenced
performance, particularly on asymmetric
parallel bars, which may have presented the
greatest challenge.
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CONCLUSIONS

Significant differences were observed
between the two groups in the shoulder
flexibility tests, with adolescent gymnasts
generally achieving better scores than child
gymnasts. However, significant differences
were noted in only one of the performance
evaluations—the AJS in the balance beam
handstand.

Regarding the relationships between
flexibility  tests and performance
evaluations, only two  significant
associations were found for Group 1:
between GFMT and °H in the uneven bars
handstand, and between FIG and °H in the
balance beam handstand. For younger
gymnasts, it is crucial to focus not only on
shoulder flexibility but also on control and
postural awareness to ensure optimal
alignment and positioning of the shoulder in
various elements for effective performance.
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Abstract

A competitive trampoline routine consists of ten scored jumps on which trampoline gymnasts
need to exhibit an adequate strength endurance performance of their lower extremities. These
strength endurance requirements are assessed with “Repeated Jump Tests” (RJT). However,
existing tests are not designed for trampolining, but rather for game sports. Such tests aim, for
example, at different number of repetitions and for minimizing ground contact time, thus lacking
the specific repetitions and intensity of a trampoline routine. Therefore, the aim of this study is
to develop a RJT specifically for trampolining that will assess jump height, performance
decrement (PD) during RJT, and jump-to-jump fluctuations. Twenty-nine elite trampoline
gymnasts (TR) from the junior national squad (JNS-TR; n = 21) and the senior national squad
(SNS-TR; n = 8), 21 athletes from jump-intensive game sports (GS; comprising volleyball n =
15; handball n = 6), and 16 PE students (PE) completed the RJT consisting of twelve repeated
jumps. Group differences were analyzed by ANOVA and trampoline squad differences via t-tests.
Results showed that TR had a lower PD compared to GS and PE (p < .05). SNS-TR trampoline
gymnasts show lower jump-to-jump fluctuations than JNS-TR trampoline gymnasts (p <.05). TR
exhibited a superior performance in the RJT regarding PD compared to GS and PE. In
conclusion, our RJT is proposed as a new tool for validly measuring repeated jump performance
in trampoline gymnasts.

Keywords: performance analysis, elite athletes, performance decrement, athletic performance.

INTRODUCTION

Every year, the German Olympic Sports gymnastics. In these disciplines, jumps
Confederation (DOSB) publishes a list of induce significant mechanical strain on
sports  federations with the largest athletes’ bodies during training and routines
membership in Germany. For many years, (Batista et al., 2016), requiring a high level
the “Deutscher Turner-Bund” (German of explosive jumping power and strength
Gymnastics Association) has been the endurance (Jastrjembskaia & Titov, 1999).
second most popular German federation In trampolining competitions, athletes
(Deutscher Olympischer Sportbund, 2022). perform a routine lasting approximately 40
The disciplines it covers include gymnastics, seconds that includes ten somersault
artistic  gymnastics, and trampoline movements of varying difficulty on a
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trampoline net (Jensen et al., 2013; Qian et
al., 2020). Each somersault movement is
scored based on difficulty, skill execution,
horizontal displacement, and Time of Flight
(ToF; Ferger et al., 2020). The ToF refers to
the time interval between when the foot loses
contact with the net and then it resumes
contact after a successful movement
(Fédération Internationale De Gymnastique,
2015), and serves as an objective evaluation
criterion (Lenk et al., 2017). The importance
of the ToF has increased in recent years, with
Heinen and Krepela (2016) finding an
increase in ToF when analyzing the senior
World and World Age Group Championship
individual finals between 2011 and 2015.
Using this data, they found that ToF was the
greatest contributor to trampoline scoring
outcomes. Therefore, trampoline gymnasts
(TR) must maintain their jump height
throughout all jumps, reducing performance
decrements (PD) during the routine while
also avoiding fluctuations between jumps.
This is essential for two reasons: first, to
perform difficult movements more easily,
and second, to achieve a high score
according to the ToF criterion. In addition to
technical  components, the physical
properties of the lower extremities
(particularly strength endurance) play a
crucial role in accomplishing this goal
(Meckel et al., 2015). Consequently, this
study focused on strength endurance.

To measure the strength endurance
component mentioned above, "Repeated
Jump Tests" (RJTs) are commonly used.
Previous studies have explored different
approaches to structuring an RJT depending
on the specific requirements being
investigated. In performance testing, RJTs
often involve six sets of six consecutive
jumps with 30-second pauses between sets
(Meckel et al., 2015; Segev & Meckel,
2020). Another test, described by Harper et
al. (2011), is the 10/5 RJT, in which athletes
complete ten maximum rebound jumps with
minimal ground contact times. However,
these RJTs do not accurately reflect the
demands of a trampoline routine, which
consists of ten jumps with relatively longer

contact times. Therefore, the 6x6 and 10/5
RJTs are more suited to game sports that
involve fewer consecutive jumps, such as
volleyball or handball. Current RJTs either
focus on jump-intensive sports like handball
or volleyball, which do not adequately
address the specific needs of trampolining,
or they require specialized equipment, as in
the test by Dyas et al. (2021). This test,
known as the "20-maximum trampoline
jump test,” involves 20 jumps on a
trampoline, with measurements of ToF,
force, horizontal displacement, and contact
time. While this test is highly specific to
trampolining, it necessitates a trampoline
and a ToF measuring system, which may not
be available in all locations. Compared to
game sports athletes (GS), trampoline
gymnasts (TR) must not only achieve
maximum jump height but also maintain this
height consistently throughout their routine
while minimizing jump-to-jump
fluctuations. Performance decrement (PD),
which refers to the decrease in jump height
over a defined test period, may be the most
critical parameter in this context (Meckel et
al., 2015). While PD is a key focus in
Repeated Sprint Tests, it has not been as
extensively emphasized in RJTs (Morin et
al., 2011). For instance, Glaister et al. (2008)
developed eight different formulas to
represent the decline in sprint performance
over time. This decline can be calculated as
the percentage increase in time by
comparing the first and last sprints to the
optimal performance (i.e., the number of
sprints multiplied by the fastest sprint time)
and actual performance (i.e., the sum of all

sprint times). For a more detailed
explanation, see Glaister et al. (2008). The
authors concluded that the formula

incorporating both optimal and actual sprint
performance was the most suitable. Girard et
al. (2011) supported this conclusion in their
review of Repeated Sprint Ability,
recommending that all sprints be included in
the formula derivation, as PD was found to
be minimally affected by outliers. However,
they also noted that each formula has its own
strengths and limitations. In summary,
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reporting PD appears to be a valid method
for quantifying strength endurance.

To better reflect the strength endurance
characteristic and to initiate and accelerate
fatigue, the RJT has previously been
performed with additional load (Hermes et
al., 2019; Sevene etal., 2017). Loaded jumps
have been shown to exert greater stress on
the neuromuscular system (Natera et al.,
2020). Additionally, Taber et al. (2023)
demonstrated that using additional load in
countermovement jumps (CMJ) results in a
higher eccentric braking impulse and force.
It is assumed that this mirrors the increased
eccentric load during the jumping movement
on a trampoline net (Marquez et al., 2013;
Matsushima, 2024). Moreover, the increased
stress from the loaded repeated jumps (RJs)
IS designed to induce performance
decrement (PD) more quickly. With the
selected additional load, PD can be achieved
earlier, leading to an RJT that is economical,
quick, and easy to perform.

The main purpose of this study is to
develop a valid and reliable RJT for
trampolining that examines the physical
requirements stated above. To achieve this,

the following research questions are
addressed:
1. To evaluate whether the RJT

distinguishes between TR, GS, and PE
students.

2. To investigate different formulas for
quantifying PD over time.

3. To assess the reliability of the RJT in PE
students across two different measurements.

It is expected that TR will not achieve the
highest jump heights, as participants in GS
belong to jump-intensive sports such as
volleyball and handball, where significantly
higher values are anticipated (Borras et al.,
2011; Hermassi et al., 2019; Pereira et al.,
2018; Sattler et al., 2012). However, TR are
expected to achieve a lower PD and the
lowest jump-to-jump fluctuations during the
RJT, as these factors are more closely
aligned with the demands of trampolining
gymnastics.

METHODS

The study was using a cross-sectional
design. Prior to testing, participants received
detailed written and verbal information
about the potential benefits and risks
associated with the study. Written informed
consent was obtained from all participants
(and from parents for athletes under 18 years
old). The study was carried out in
accordance with the recommendations of the
local ethics committee (2021-30, June 28th,
2021), with written informed consent
obtained from all participants in line with the
Declaration of Helsinki.

A total of 66 athletes (Mage = 20.15 £
4.31 years) from three different subgroups
were measured. The subgroups were TR (n
=29; Mage = 18.62 + 3.78 years), GS (n = 21;
Mage = 18.71 £ 2.43 years), and PE (n = 16;
Mage = 24.88 + 3.77 years); 60.6% of all
participants were males. The TR were in
either the junior (JNS-TR; n = 21, Mage =
23.13 + 1.87) or senior Germany national
squad (SNS-TR; n =8, Mage = 16.90 £ 1.90).
The squads refer to the German elite sports
system. Athletes in the JINS-TR are typically
under the age of 18, and compete, for
instance, at youth championships such as the
Youth World Championships. SNS-TR
athletes are usually older, take part in senior
competitions and can qualify for the
Olympics. GS were either in Germany’s
junior national volleyball squad or players in
a German second division handball team. PE
were registered for a Master of Sports
Science degree.

Upon arrival and after being briefed on
the testing protocol, participants were
weighed wusing a Multi-Scale-Analysis
device (Bomann, Germany) to determine
their additional load for the RJT (details
provided below). Athletes then performed a
15-minute warm-up that included dynamic
and  jump-specific  exercises  before
beginning the test protocol. All tests were
conducted by the same two researchers
according to a standardized manual. All
jumps were performed on the ground using
the OptoGait© system (Microgate, Italy) for
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data  recording. The system has For the repeated jumps, athletes were
demonstrated strong validity (ICC =.99) and asked to perform twelve CMJs in a repeated
excellent test-retest reliability (ICC = .98), manner, guided by an audio signal for each
making it a suitable method for measuring jump. As shown in Figure 1, a signal
jump height in field tests (Glatthorn et al., sounded to initiate each CMJ every 3
2011). seconds. The signal was the German word

For  familiarization, participants “VOLL,” meaning "full," which was
performed three CMJs (Countermovement intended to motivate the participants to
Jumps) ranging from submaximal to perform their best possible jump each time.
maximal effort. During these jumps, the After landing, participants were encouraged
following instructions were emphasized: by the test administrators to straighten up, if
keep hands on hips at all times, perform a necessary, so they always started the next
direct CMJ without pausing to a self-chosen jump in an upright position. They were not
depth, maintain extended legs and feet informed about the number of remaining
during the flight phase, avoid jumping jumps during the set. After completing the
forward or backward, and land with feet twelve RJs, testing was stopped. As with the
extended as during take-off. CMJs, jump height was measured via the

The test protocol included two normal time-of-flight calculation. For further
CMJs and two loaded CMJs (SingleJ). The analysis, the jump height of each jump was
loaded jumps were performed using a weight recorded. For test-retest reliability, 16 PE
vest that added 20% of the participant’s body participants were measured again one week
weight. If the two jumps within a condition later, with the procedure carried out exactly
differed by more than 10%, a third trial was as in the first measurement. There were no
conducted, which occurred with dropouts between the first and second
approximately 10% of the participants. measurements.

o T I |

o

Figue 1. RJs xeted with

additional load. Figure shows one RJ movement.

Previous studies have used different F1=(((sum of RT3 to 12) + (SingleJ x 10)) x 100) - 100
approaches to calculate the decrease in F2 = (((sum of RJ 2 to 11) + (SingleJ x 10)) x 100) - 100
performance (Glaister et al., 2008). The
eight formulas each applied different
methods to calculate PD. They are displayed

Formulas 3-5 refer to 10 selected or all
jumps, and the highest jump of single loaded
CMJ or repeated jumps (MaxJ).

below.

In formulas 1 and 2, only 10 jumps and F3 = (((sum of all RJ) = (MaxJ x 12)) x 100) - 100
the highest single loaded CMJ (SingleJ) F4 = (((sum of RJ 2 to 11) + (MaxJ x 10)) x 100) - 100
were used. F5 = (((sum of RJ 3 to 12) + (MaxJ x 10)) x 100) - 100
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Formulas 6-8, similar to formulas 3-5,
include 10 selected or all jumps as actual
performance. However, in F6-F8, the
highest jump among the twelve repeated
jumps (MaxRJ) is used as the ideal
performance.

F6 = (((sum of all RJ) = (MaxRJ x 12)) x 100) - 100
F7=(((sum of RJ 2 to 11) + (MaxRJ x 10)) x 100) - 100
F8 = (((sum of RJ 3 to 12) + (MaxRJ x 10)) x 100) - 100

All  statistical ~ operations  were
performed using SPSS (SPSS Version
29.0.0.0). Values are presented as means
(M) =+ standard deviations (SD), and normal
distribution was assessed using the Shapiro—
Wilk test. To quantify the jump height
achieved, the mean value of all twelve RJs
was calculated (MeanRJ). PD was calculated
using the eight formulas presented. To
provide more detailed information about
fluctuations between each RJ, a jump-to-
jump evaluation was performed. This was
calculated using Sample Entropy (SampEn)
in MatLab (MathWorks, 2023) with the
“EntropyHub” toolkit created by Flood and
Grimm (2021). The following variables
were used to calculate SampEn: embedding
dimension m = 2, sequence length N = 12,
radius threshold r = 0.2xSD, according to
recommendations by Mayer et al. (2014).
Bm(r) is the probability that sequences
match for m points, while Am(r) is the
probability that two sequences match for m
+ 1 (Kupper et al., 2020).

a7()

SampEn(m,r,N) = —In (Bm(r) 1)

Differences in the average jump height
of the RJs (MeanRJ), the PD for each of the
eight formulas, and the jump-to-jump
fluctuations between the subgroups were
analyzed using a one-way ANOVA. If a
significant difference was found, Tukey's
HSD test was used to identify significant
differences between the subgroups. Since
the distribution of the SampEn data for TR
was found to be dichotomous, a squad
comparison between SNS-TR and NJS-TR
of the jump-to-jump fluctuations was
conducted in addition to the comparison of
sports. Based on the descriptive data, lower

jump-to-jump fluctuations in the SNS-TR
were expected, so a one-tailed t-test was
used. Test-retest reliability was analyzed
using  Pearson’s r  between  both
measurements of PE. Effect sizes were
interpreted according to Cohen (1988). The
significance level was set at p < .01. Figures
were created using R (R-4.3.2) within
RStudio (2023.12.0.369; Posit Team, 2023).

RESULTS

The M and SD for the RJs, PD for all
formulas and jump-to-jump fluctuations for
all subgroups and squad affiliations are
displayed at the end of the section in Table
1.

Differences Between Groups:

Jump height: Significant differences in
the average jump height of the RJs were
found between the subgroups (F(2, 63) =
15.25, p<.001). Post-hoc tests revealed
significant differences between the GS and
TR (p <.001), and between the GS and PE
(p <.001).

PD: TR achieved a lower PD in every
formula (see Table 1). The ANOVA
revealed significant differences when using
formulas F1 (F(2, 63) = 7.38, p =.001), F2
(F(2, 63) = 7.83, p < .001), F3 (F(2, 63) =
4.96, p = .010), F4 (F(2, 63) = 5.33, p =
.007), F5 (F(2, 63) = 8.73, p < .001) and F8
(F(2, 63) = 6.78, p=.002). Tukey’s HSD
test showed significant differences between
the TR and PE students when using F1
(p =.002), F2 (p =.002), F3 (p = .015), F4
(p =.010), F5 (p =.001), and F8 (p = .017).
Significant differences between TR and GS
were found when using F1 (p =.024), F2 (p
=.010), F5 (p =.007), and F8 (p = .005).

Jump-to-jump fluctuations: To compute
SampkEn, the radius threshold was set at r =
1.12 (0.2xSD, SD = 5.62). There was no
significant difference between all three
subgroups (F(2, 63) = 0.715, p=.493).
Differences between the subgroups in jump
height, PD, and jump-to-jump fluctuations
are shown in Figure 2
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Table 1

Means and standard deviations for the jump height, performance decrement, and jump-to-jump fluctuations in the RJT divided into the subgroups
trampoline gymnasts (TR), games sports athletes (GS) and PE students (PE) as well as squad levels junior national squad (JNS-TR) and senior
national squad (SNS-TR)

Jump Jump-to-jump
height Performance decrement fluctuations
Sports
MeanRJ F1 F2 F3 F4 F5 F6 F7 F8 SampEn
Total 22.6 -8.64 -7.95 -10.41 -10.05 -9.79 -6.90 -6.54 -6.26 0.497
(n=29) +4.6 +6.66 +6.73 +4.35 +4.67 +4.25 +2.29 +2.60 +2.04 +0.296
IR JNS-TR 22.2 -9.05 -8.20 -10.60 -10.15 -9.86 -7.10 -6.64 -6.33 0.652
(n=21) +5.0 +7.00 +6.94 +4.60 +5.00 +4.43 +2.51 +2.88 +2.27 +0.301
SNS-TR 23.8 -7.58 -7.30 -9.92 -9.80 -9.61 -6.39 -6.27 -6.07 0.328
(n=28) +29 +5.95 1+ 6.54 +3.84 +3.97 +4.02 +158 +£1.83 +1.39 +0.215
GS Total 28.2 -13.11 -13.03 -13.27 -13.10 -13.89 -8.52 -8.35 -9.18 0.603
(n=21) 4.1 +5.56 +5.84 +4.79 +5.06 +5.18 +3.33 +3.55 +3.83 +0.485
PE Total 20.2 -15.05 -14.40 -14.30 -14.40 -15.05 -8.23 -8.34 -9.04 0.779
(n=16) +5.2 +4.03 +3.87 +3.67 +3.87 +4.03 +3.42 +356 +3.80 +0.020

Note. MeanRJ is the mean jump height over all twelve RJs; F1-F8 denote all the PD formulas used; SampEn (r = 1.12) describes the jump-to-jump
fluctuations.
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Figure 2. Subgroup comparisons in the jump height, jump-to-jump fluctuations, and performance

decrement when using formula F5.
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Figure 3. Dichotomous distribution of jump-to-jump fluctuations in trampoline squads.

Differences Between Squads:

Jump-to-jump  fluctuations:  After
finding a dichotomous distribution of the
jump-to-jump fluctuations within the TR,
which was due to lower jump-to-jump

fluctuations of SNS-TR compared to JNS-
TR, a one-tailed t-test was used to identify
differences within the TR. The distribution
within the TR is presented in Figure 3. The
SNS-TR showed significantly lower jump-
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to-jump fluctuations compared to the NJS-
TR (t(27) = 2.00; p =.028).

Test-Retest Reliability (PE Students)

Jump height: Reliability, calculated
using the MeanRJ, showed a strong positive
correlation between Measurement 1 and
Measurement 2 (r =.989, p <.001).

PD: In addition, another calculation of
reliability was performed when using all PD
formulas. Pearson’s r values obtained from
all formulas ranged from rr, = .167
(p=.537) to rrs = .384 (p=.151), thus

Test-retest reliability
of average jump height

40

30

MP2 MeanRJ
MP2 PD F5

20

Test-retest reliability
of PD

indicating a poor to moderate yet no
significant correlation.

Jump-to-jump  fluctuations: The
SampEn for the test retest was calculated on
the basis of the PE population using the
radius threshold r = 1.05 (0.2xSD; SD =
5.26). The test-retest reliability of the jump-
to-jump fluctuations showed a moderately
positive correlation (r = .432, p=.094). A
graphical representation of the respective
test—retest reliability is shown in Figure 4

Test-retest reliability
F5 of jump-to-jump fluctuations

r=0.384

.
r=0432
.
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05 . .
. ..
.
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Figure 4. Test-retest reliability of the PE students via the MeanRJ, SampEn, and PD obtained

from F5 using Pearson’s r of each test—retest.

Note. The x-axis is defined as Measurement 1 (MP1) and the y-axis as Measurement 2 (MP2)

of the variable under consideration.

DISCUSSION

In trampolining, athletes must be able to
jump as high as possible and maintain their
jump height at a high level throughout their
routine while also avoiding jump-to-jump
fluctuations. This requires adequate strength
endurance in the lower extremities.
Therefore, the main purpose of the present
study was to develop a valid and reliable RJT
specifically for trampolining. The sports
group comparison shows that trampoline
gymnasts (TR) achieve a lower PD than
game sport athletes (GS) and PE students
(PE). Our results indicate that, regardless of

the evaluation formula chosen, different
levels of experience in repeated jumping can
be distinguished. Additionally, the test-retest
reliability of the RJT was acceptable when
mean jump height was considered.

Three groups  with different
preconditions were examined using the
average jump height of the RJs, PD, and
jump-to-jump fluctuations. Group
comparisons  between the trampoline
gymnasts (TR), game sports athletes (GS),
and PE students (PE) show that TR achieved
a significantly lower PD compared to the
other groups. This suggests that RJT is well-
suited for trampolining, as a low PD
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indicates better maintenance of jump height
and, therefore, greater strength endurance.
Regarding the different formulas for
calculating PD, the TR group consistently
showed smaller PD compared to the other
subgroups across all formulas, with
significant  differences  occurring in
Formulas F1, F2, F3, F4, F5, and F8.

As stated earlier, years of trampoline
training enable trampolinists to meet the
demands of repeated jumping, allowing
them to maintain their jumping performance
more consistently (Jensen et al., 2013). In
contrast, all GS participants came from
jump-intensive sports in  which single,
maximal, and explosive jumps are
performed (Ortega-Becerra et al., 2018;
Sattler et al., 2012). Consequently, while
they need to achieve a maximal jJump height,
they may struggle to reproduce this in a
series of jumps (Meckel et al., 2015). Given
the significantly smaller PD observed in TR,
the test appears to effectively assess the
specific  physical requirements  of
trampolining.

When analyzing jump height between
groups, the results show significant
differences, with GS achieving the highest
average jump height during the RJ compared
to TR and PE. This was expected since GS
participants were from jump-intensive sports
such as volleyball and handball (Borras et
al., 2011; Hermassi et al., 2019; Pereira et
al., 2018; Sattler et al., 2012). Jastrjembskaia
and Titov (1999) note that TR athletes
specifically require more strength endurance
in their lower extremities due to the sport's
demands. Moreover, TR athletes must utilize
the elastic capabilities of the trampoline net
in their routines to achieve maximum flight
time (Qian et al., 2020).

An exploratory data analysis revealed a
different distribution of jump-to-jump
fluctuations within the TR group, which was
linked to squad affiliation. A post-hoc
analysis identified significant differences in
jump-to-jump fluctuations between the
squads, with SNS-TR having significantly
lower fluctuations than NJS-TR. Higher-
level TR athletes, therefore, seem to exhibit

more consistent jumps. A greater level of
expertise in TR athletes appears to
correspond to a lower decrease in jump
height and better consistency in jump height
from one jump to the next.

Another goal of this study was to
differentiate between the various evaluation
formulas of the RJT and identify the most
suitable one. Upon closer examination,
different aspects can be captured by each
individual formula. To account for potential
difficulties in initiating the Repeated Jump
Protocol, only Jumps 3-12 were included in
Formulas F1, F5, and F8, as a strong decline
in jJump height during the first two RJs was
not anticipated. The formulas that include
Jumps 2-11 (F2, F4, F7) aim to minimize the
impact of an exceptionally good first jump
or a poor last jump. Nonetheless, using all
jumps in the formulas should provide insight
into the athletes' actual performance, with
the total jump height representing the sum of
these jumps. This can then be compared to
an “optimal performance”.

The ideal jump height was divided into
three different values: the highest single
jump (F1-F2), the highest jump during the
entire RJT (MaxJ; F3-F5), and the highest
jump only during the repeated jumps
(MaxRJ; F6-F8). Formulas F1-F5 are quite
similar, as the MaxJ value often corresponds
to the value of the single jump, so these
formulas can be considered as representing
one aspect. Thus, Formulas F1-F5 describe
the difference between the optimal and
actual performance, showing how close the
athletes perform to their best possible
performance.

Formulas that include MaxRJ (F6-F8)
represent a second characteristic, potentially
reflecting fatigue induced by the loaded
jumps. However, this may not be solely
attributed to fatigue, as some athletes
reached their highest jump not in the first
few jumps of the RJT but later on.

Based on our results, it is not possible to
recommend only one formula. It is
reasonable to consider both criteria in order
to draw different conclusions about an
athlete’s performance. Glaister et al. (2008)
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pointed out that the most valid and suitable
formula is the one that includes all sprints
and the fastest sprint time multiplied by the
number of sprints. In our study, this
corresponds to Formulas F3 and F6. Other
authors, such as Natera et al. (2023), suggest
that eliminating the first and last repetition
provides the most reliable measure. In our
study, this applies to Formulas F2, F4, and
F7.

In summary, a single formula may not
be sufficient to fully represent the different
characteristics of performance. To assess the
discrepancy between actual and best
possible performance, a formula from F1-F5
should be used. For examining potential
fatigue, a formula from F6-F8 should be
considered. Since only F8 showed
significant differences in this second
characteristic, we recommend using this
formula to assess fatigue. It is more
challenging to select a single formula for the
first characteristic. Our results show that all
formulas from F1-F5 differentiate between
the sports groups. Additionally, using Jumps
3-12 reflects a more accurate trampoline
routine, as the first two jumps can simulate
the ascending jumps before the routine
starts. Therefore, F5 is recommended for
assessing the first characteristic.

It is also worth noting that TR and
athletes in higher squads exhibit a lower
performance decrement compared to those
in lower squads across all formulas,
highlighting the robustness of the test.
Moreover, our RJT for TR can distinguish
between groups and identify elite TR,
regardless of the evaluation formula used. In
summary, the study's findings align with
theoretical expectations. While elite TR do
not show the highest jump heights, they are
more consistent and superior in trampoline-
specific parameters such as performance
decrement (PD) and  jump-to-jump
fluctuations. The most successful TR
athletes also show the least PD in this test,
supporting the validity of RJT. Additionally,
TR demonstrated significantly lower PD in
six out of eight formulas.

As a reliability analysis, we conducted
correlation analyses between two separate
measurements taken one week apart. Since it
was only possible to measure PE twice, the
reliability analysis was conducted only with
this non-elite group. Pearson’s correlation is
a common method for measuring test—retest
reliability (Di Mascio et al., 2015; Temfemo
et al., 2011). Considering only the mean
jump height in the RJT, strong reliability
was observed between the two separate
measurements. However, when comparing
the PD formulas, reliability varied from poor
to moderate. For jump-to-jump fluctuations,
a moderate correlation between
Measurements 1 and 2 was found. Similarly
high reliabilities in absolute values
(MeanRJ) have also been reported in other
studies (Temfemo et al., 2011). Since only
the PE performed the retest, several factors
may have affected their jumping
performance or PD during the RJT. As
noted, the PE group had the lowest MeanRJ,
as well as the highest PD and jump-to-jump
fluctuations, indicating they were unable to
maintain jump height at a high level. This
suggests the RJT’s sport specificity, as elite
TR, with generally lower PD and jump-to-
jump fluctuations, might maintain their
performance more consistently. However,
this study did not evaluate the test-retest
reliability for TR, which should be addressed
in future research. We expect higher test—
retest reliability in trampoline gymnasts due
to their lower PD and jump-to-jump
fluctuations in the RJT.

In addition, participants did not receive
any information about the remaining number
of jJumps during the test, although it was not
possible to prevent them from counting
along. This is important because Billaut et al.
(2011) noted a higher risk of pacing in
repeated high-intensity efforts when the
exact number of repetitions is known.
Consequently, athletes may have adjusted
their efforts to manage early fatigue. While
athletes in this study were instructed to
perform at their maximum with every jump,
they may have conserved energy for specific
jumps, which could explain why the last RJ
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was often higher than the previous ones.
Another psychological factor could be the
use of audio cues, as participants did not
decide when the next jump would occur. The
predetermined audio and the time intervals
between jumps might have negatively
affected jumping performance. For future
measurements, incorporating automatic
acquisition of knee angles with fixed
anatomical landmarks would be useful, as
this could help determine if changes in knee
angles occur during the RJT. Variations in
knee angles might indicate greater
fluctuations in jump height during the RJT.

CONCLUSIONS

Time of Flight (ToF) is of growing
importance in competitive trampolining
(Dyas et al., 2021), and performing a high
and consistent jump height has become
increasingly crucial for TR. Therefore, the
aim of this study was to develop an RJT
specifically for trampolining athletes and to
verify its validity and reliability. An RJT
should also be easy to execute and quick to
evaluate. For this purpose, TR, GS, and PE
performed two loaded CMJs (with 20% of
their body weight) and twelve loaded RJs.
Eight different evaluation formulas were
used to assess their individual PDs, differing
in the number of jumps and units of actual
and ideal performances. The TR exhibited
the lowest PD using all formulas. TR in the
higher squad also showed significantly
lower jump-to-jump fluctuations compared
to TR in the lower squad. Test-retest
reliability, measured by PE, showed high
reliability when comparing the average jump
height of both measurements, as well as a
moderate correlation for PD and jump-to-
jump fluctuations. In conclusion, the RJT
developed and investigated in this study
appears to be a valid and reliable tool for
measuring strength endurance in TR. A
higher level of expertise in TR is reflected in
this RJT by lower PD and lower jump-to-
jump fluctuations.
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Abstract

The aim of this research was to examine the relationship between absolute and relative lower
extremity strength and the efficiency of gymnastics vault performance. Thirty healthy, physically
active male students (age: 20.84 £ 0.99 years; height: 179.46 £ 5.91 cm; body weight: 73.88
6.43 kg) from the Faculty of Sports and Physical Education participated in the study. Absolute
lower extremity strength was assessed by measuring the maximum load lifted (in kg) during a
back squat (1RM). Relative lower extremity strength was calculated by dividing the estimated
1RM back squat by the participant's body weight (1RM/BW). Two types of vaults—the squat
through (ST) and the front handspring (FHS)—were used to evaluate vault performance
efficiency. Three criterion variables were applied: (d1) distance from the springboard in front of
the vault, (d2) distance of landing beyond the vault, (d1 - d2) the difference between d1 and d2,
and (pt) overall vault performance rating. The results showed statistically significant and strong
correlations between both absolute and relative lower extremity strength and the variables
measuring vault performance efficiency. The strongest correlations were observed for (d1),
followed by (d2), (pt), and (d1 - d2). These findings can serve as guidelines for developing both
absolute and relative lower extremity strength, which may lead to improved performance in
gymnastics vaults.

Keywords: absolute strength, relative strength, vaulting, artistic gymnastics.

INTRODUCTION

Avrtistic gymnastics is a highly complex gymnastics requires athletes to meet high-
sport that involves bounding, jumping, performance standards and is characterized
tumbling, wvertical landings, and rapid by dynamism, rhythm, and spectacular
acceleration and deceleration movements. displays of acrobatic beauty and
These actions result in high-impact loads, expressiveness (Mariana, Octavian, Daniela,
high strain rates, and varied strain & lliana, 2016).
distribution patterns on the skeleton (Farana, The vault is one of the apparatuses used
Jandacka, Uchytil, Zahradnik, & Irwin, in artistic gymnastics, requiring significant
2014). As a competitive sport, artistic physical ability  and performance
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(Kochanowicz et al., 2016). Vaulting achieved  during these = maneuvers,
demands highly developed motor skills, and particularly  vaulting.  This  elevation
practicing vaults further enhances these significantly impacts the judges' scoring, as
skills. The movement pattern in vaulting highlighted by the research of Prassas,
improves a gymnast’s speed, agility, muscle Kwon, and Sands (2006).
power, competitive drive, and courage Vaulting is a dynamic activity
(Arkaev & Suchilin, 2004). Experts performed in both men’s and women’s
emphasize the importance of factors such as artistic gymnastics. Success in vaulting
run-up speed, maximal lower limb strength, depends on a variety of factors, some
the take-off angle from the springboard, and independent and others within the gymnast’s
the orientation of anatomical segments and control. Each vault and group of vaults has a
joint angles during hand contact with the unique time structure and can be divided into
vaulting table (Cuk et al, 2007; seven phases. Some vaults require a faster
Kochanowicz et al., 2009). run, while others need a slower one.
Rapid position changes during each Likewise, some vaults feature a long first
phase of the vault require gymnasts to have flight phase, while others have a shorter one.
excellent timing, aerial awareness, and In competition, gymnasts perform the most
precise coordination of all involved body difficult vault they can safely execute.
parts (Atikovic & Smajlovi¢, 2011; As shown in Figures 1 and 2, each vault
Koperski, Kochanowicz, & Stodkowski, in the Code of Points (CoP) is divided into
2010). Regardless of the vault's structure or seven phases: (1) the run-up, (2) the jump
complexity, each vault includes the onto the springboard, (3) springboard
following elements: the run-up, hurdling support and push-off, (4) the first flight
onto the springboard, the first phase of flight, phase (1stfp), (5) support and push-off from
the handspring off the vault, the second the table, (6) the second flight phase (2ndfp),
phase of flight, and the landing (Ferkolj, and (7) the landing (Atikovi¢ & Smajlovic,
2010). One key factor that distinguishes a 2011; Cuk & Karacsony, 2004; Ferkolj,
gymnast’s performance is the height 2010; Prassas et al., 2006).

VA ES T
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1 2 3 4 5 6 R
Figure 1. Vault seven phases (Atikovi¢, 2012)

Strength is defined as a human trait, generate per kilogram of their body weight
specifically the ability to overcome external (Stojiljkovi¢, 2003).
resistance or oppose it through muscular Several authors have noted that the
effort (Ni¢in, 2000). The most common way effectiveness of performing gymnastic
to classify motor strength is by the ratio of exercises, including vaulting, depends not
force exerted relative to body mass. Strength only on technical preparation but also on the
can be categorized into two types: absolute gymnast’s advanced psychomotor abilities
strength, which is the maximum muscle and physical fitness (Zaporozhanov,
strength a person can generate with their Kochanowicz, & Kochanowicz, 2014). The
total muscle mass, and relative strength, body’s vertical velocity at take-off and the
which is the amount of strength a person can net vertical impulse are key determinants of

vault performance (Knudson, 2009), both of
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which  strongly rely on segmental
coordination and the application of proper
technique (Bobbert, Huijing, & Schenau,
1987). A vault requires dynamic execution,
achieving sufficient height and length.
Gymnasts need more time to jump higher
and move farther during the vault, which is
associated with a higher technical level
(Hashimoto, Noriyuki, & Nomura, 2017).
In their research, Atikovi¢ and
Smajlovi¢ (2011) aimed to identify the
biomechanical parameters that explain and
define the difficulty level of a vault. Their
predictor system of variables (R Square)
explained 92% of the variance, while the
correlation between the predictor variables
and the criteria resulted in a multiple
correlation coefficient of 0.96 (RO).
Schirer, Lehmann, Naundorf, Taube,
and Hiibner (2019) examined the
relationships between run-up speed, degree
of difficulty (D-score), height, and length of
flight in vault performance for handsprings
in artistic gymnastics. In male gymnasts,
run-up velocity showed a significant
correlation with the D-score, height, and
length of flight, but only for Tsukahara and

Yurchenko vaults. Atikovi¢, Kazazovi¢,
Kamanjesavi¢, and Mujanovi¢c (2019)
investigated the correlation  between

biomechanical parameters and the vault start
value in men’s artistic gymnastics. Their
research aimed to determine the relationship
between the vault start value and key
variables such as run-up velocity, first flight
phase, table support, and second flight
phase. According to their correlation matrix,
the criteria variables from the Code of Points
FIG MAG (2017-2020) showed a
statistically significant positive correlation
with two variables: run-up velocity on the
springboard and the second flight phase.
However, there was a negative correlation
with two other variables: the first flight
phase and vault support.

Paunovi¢, Velickovi¢, Okici¢, Jovic,
and Dordevi¢c (2022) analyzed the
relationship between physical ability factors,
such as running speed, leg muscle strength,
arm muscle strength, abdominal muscle

strength, and balance, in vault technique.
The results indicated that while these
muscles do have some influence, the effect
is not statistically significant. Similarly,
Paunovi¢, Velickovié, PDPurovié, Okicic,
Stojanovi¢, and Milosevi¢ (2018) examined
the impact of relative strength in various
muscle groups on all-around performance.
Like the previous study, the relative strength
of leg muscles showed some influence on
all-around results, but it was not statistically
significant. In another study, Paunovi¢,
Purovi¢, Veli¢kovié, Zivkovié, and
Stojanovi¢ (2019) explored the effect of
absolute and relative strength on floor
exercise performance. Their findings
mirrored those of earlier studies, showing an
influence of strength, but again, it was not
statistically significant.

In the research conducted by
Kochanowicz et al. (2016), the authors
aimed to define the correlation between
maximal power of the lower limbs in youth
gymnasts, kinematic analysis of the front
handspring vault, and sports results. The
study found a strong correlation between the
results from the countermovement jump and
the scores for the front handspring vault,
indicating a close relationship with maximal
lower limb power. Additionally, the authors
identified that the most significant
correlations with the judges' scores for the
front handspring vault were observed in the
angle of the hip joint during the second phase
of flight, the moment of touching the vault
surface, the height of the second flight phase,
and the landing distance.

In a separate study, Bradshaw and Le
Rossignol (2004) investigated vaulting
talent in young female gymnasts. They
found that the best regression model for
predicting vaulting talent included predictor
variables such as resultant velocity at take-
off from the springboard, squat jump power,
and average power during the last five jumps
in a continuous bent-leg jump series.

Koperski et al. (2010) defined the level
of quickness-force abilities in athletes and
examined the correlation between take-off
performance in laboratory conditions and
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results in actual contests. Their study found
that the parameters related to muscle work in
the legs and hip area were strongly
correlated with springboard take-off power.
Similarly, research by Qomarrullah,
Kristiyanto, Sugiharto, and Hidayatullah
(2018) revealed that lower extremity muscle
strength had the most significant effect on
performance, while running speed had the
least impact.

The main purpose of this research was
to determine if there are statistically
significant relationships between absolute
and relative lower extremity strength and
gymnastics vault performance efficiency
among students. We anticipate that this
study will encourage further scientific
exploration into the areas of lower extremity
strength and gymnastics vault performance.
It is hypothesized that there are statistically
significant relationships between both
absolute and relative lower extremity
strength and gymnastics vault performance
efficiency, and that it will be possible to
predict vault performance efficiency based
on these strength measures

METHODS

The participant sample for this study
consisted of thirty male students (n=30)
from the Faculty of Sports and Physical
Education at the University of Sarajevo, with
a mean age of 20.84 + 0.99 years, weight of
73.88 £ 6.43 kg, and height 0of 179.46 + 5.91
cm. All procedures were conducted in
accordance with the Declaration of Helsinki
and the ethics committee standards of the

Table 1

Faculty of Sports and Physical Education at
the University of Sarajevo.

The research was conducted at the end
of the summer semester of the academic
year. Throughout the summer semester, all
participants attended regular practical
classes in artistic gymnastics for 15 weeks,
which included vaulting exercises as part of
the curriculum. During these 15 weeks,
students completed a total of 45 hours of
practical training, focusing not only on
vaulting but also on three other apparatuses.
The attendance rate for these classes was
95%. Additionally, students participated in
free gymnastics practice sessions scheduled
three times a week, each lasting three hours.

The assessment of absolute and relative
lower extremity muscle strength, as well as
the evaluation of gymnastics vault
performance, was carried out in the final,
15th week of the semester. Participants were
thoroughly briefed on the research program
before it began.

In this research, body height and weight
for each participant were measured using an
InBody BSM370 stadiometer (InBody Co.).

To assess absolute and relative lower
extremity strength (see Table 1), the back
squat test was utilized. The back squat
involves positioning a barbell across the
shoulders on the trapezius, just above the
posterior aspect of the deltoids. The
participant then slowly flexes their hips and
knees until their thighs are parallel to the
floor. They then extend their hips and knees
to return to the starting position, ensuring
that the back remains flat, the heels stay on
the floor, and the knees remain aligned over
the feet (Delavier, 2010).

Variables for assessing absolute and relative lower extremity strength.

1RM (kg) - absolute lower extremity strength

1RM/BW - relative lower extremity strength

Absolute lower extremity strength was
measured as the maximum load lifted during
the back squat, expressed in kilograms
(1RM). Relative lower extremity strength

was calculated by dividing the estimated
IRM back squat by the participant’s body
mass, resulting in (LIRM/BW).
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The protocol for assessing absolute and
relative lower extremity strength was
adapted from Kraemer, Fry, Ratamess, and
French (1995). Participants began with a
warm-up consisting of 8-10 repetitions with
a light load (approximately 50% of the
expected 1RM). This was followed by 3-5
repetitions  with a  moderate  load
(approximately 75% of the expected 1RM)
and then 1-3 repetitions with a heavy load
(approximately 90% of the expected 1RM).
After warming up, participants attempted the
1RM test by progressively increasing the
load until either their technique was
significantly compromised or they could no

T AN,

/

longer lift a heavier weight. The load was
increased by 2.5 to 5 kg with each attempt
(Stone et al., 2003). A rest period of 5
minutes was observed between attempts.

To assess the efficiency of gymnastics
vaults, two vaults that are part of the
curriculum for the first cycle of studies at the
Faculty of Sports were used. As shown in
Figures 2 and 3, the success of performing
the vault elements was evaluated using the
following criteria: ST - squat through; FHS -
front handspring vault.

The following variables were used to
assess the gymnastics vaults performance
efficiency (Table 2 and Figure 4).

‘BRALY

o €
\
——are——

Figure 2. ST - squat through (Atikovi¢, Tabakovi¢, Hmjelovjec, Kalinski, & Stoicescu, 2009).

i;; % f///-"e\
L & i

Figure 3. FHS - front handspring vault (Atikovi¢, 2012).

Table 2

Variables for assessing the gymnastics vaults performance efficiency.

ST - squat through

FHS - front handspring vault

d1(cm) - distance from the springboard in front of the vault
d2 (cm) - distance of landing beyond the vault

d1 - d2 (cm) - the difference between d1 i d2

pt (points) - overall vault performance rating

Figure 4. Characteristics of variables vaults prepared upon the Atikovi¢ (2012) scheme, being

modified. All markings are approximate.
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The variable (d1) is defined as the
distance from the springboard take-off in
front of the vault. Variable (d2) - defined as
the distance of landing beyond the vault.
Variable (pt) - overall vault performance
rating, defined as the overall technical
efficiency of the vault performance
expressed in points.

At the beginning of the summer
semester, participants had no prior
knowledge of gymnastics vaults. By the 15th
week of classes, an assessment of two
gymnastics vaults, the ST (squat through)
and FHS (front handspring) vaults, was
conducted to evaluate performance
efficiency. The final evaluation was carried
out by experts (N = 4) from the University,
each with over 20 years of experience
working in various sports clubs and at the
Faculty of Physical Education and Sports.

The assessment took place in a gym
equipped with vaulting apparatuses,
including a vault height of 135 cm and a
maximum run-up distance of 25 m, using an
"Elan" springboard for takeoff. To measure
variable (d1) — the distance from the
springboard to the vault — a measuring tape
in centimeters was placed at the springboard
location. Similarly, another measuring tape
was placed on the landing mats to measure
variable (d2) — the distance of landing
beyond the vault. Prior to the evaluation,
examiners reviewed the task descriptions
and criteria outlined in Table 3. Each
examiner  assessed the  participants
independently during the exam, without
communication with each other or revealing
their assigned scores. The final evaluation of
gymnastics vault performance efficiency
was based on scores from judges (N = 3).

Table 3
Criteria for Gymnastics Vaults knowledge evaluation.
Measuring
scale Description of standards - Gymnastics Vault
(points)
The vault was executed with major errors found in specific technical requirements concerning body
Points position, as well as the positioning of legs and/or arms. Major errors may be evident in the aesthetic
aspect of the vault, including the poor posture of the entire body and/or individual body parts,
6 or 6.5 L - X .
coordination of performance, range of motion, speed, and landing. The maximum total number of
major errors is 8 or more for a rating of 6, and 7 errors for a rating of 6.5.
The vault was performed with errors found in specific technical requirements concerning body
Points position, as well as the positioning of legs and/or arms. These errors may be present in the aesthetic
aspect of the vault, including the poor posture of the entire body and/or individual body parts,
7or75 S . . .
coordination of performance, range of motion, speed, and landing. The maximum total number of
errors is 6 for a rating of 7, and 5 errors for a rating of 7.5.
The vault was executed with minor errors found in specific technical requirements concerning body
Points position, as well as the positioning of legs and/or arms. Possible minor errors may be found in the
aesthetic aspect of the vault, including slight deviations in the posture of the entire body and/or
8or85 ... S - :
individual body parts, coordination of performance, range of motion, speed, and landing. The
maximum total number of errors is 4 for a rating of 8, and 3 errors for a rating of 8.5.
The vault was performed with minor errors found in specific technical requirements concerning
Points body position, as well as the positioning of legs and/or arms. Possible minor errors may be present
in the aesthetic aspect of the vault, including slight deviations in the posture of the entire body
90r9.5 o S . .
and/or individual body parts, coordination of performance, range of motion, speed, and landing.
The maximum total number of minor errors is 2 for a rating of 9, and 1 error for a rating of 9.5.
) The vault was executed optimally without errors found in specific technical requirements
Points concerning body position, as well as the positioning of legs and/or arms. There are no errors in the
10 aesthetic aspect of the vault, including the posture of the entire body and/or individual body parts,

coordination of performance, range of motion, speed, and the landing is secure.
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The level of agreement among judges
was assessed using Cohen's Kappa
coefficient. The reliability coefficient among
judges was .72, indicating a high level of
agreement. However, upon reviewing
individual agreement coefficients, it was
found that one judge had a lower agreement
coefficient compared to the other three
judges. Consequently, the ratings from this

judge were excluded from the final
processing of the results.
The  subjects  performed  both

gymnastics vaults, the (ST) - squat through
and (FHS) - front handspring, twice (see
Table 2 and Figures 2, 3, 4). Only the better
performance of each vault was used in the
analysis. All thirty participants executed the
vaults independently, without physical
assistance. Students who could not perform
the vault independently did not participate in
the study. Judges recorded the following on
the participant’s card: (d1) - the distance
from the springboard to the vault in
centimeters, (d2) - the distance of landing
beyond the vault in centimeters, and (pt) -
the overall vault performance rating in
points. Subsequently, the difference between
(d1 - d2) was calculated in centimeters. The
final evaluation for variable (pt) - overall
vault performance rating was made using a
scale from 6 to 10 points (see Table 3),
according to the modified criteria by
Tabakovi¢, Tabakovi¢, and Atikovi¢ (2023),
where 10 points represented the highest
rating. To better differentiate vault
performances, judges could assign scores
with half-point increments (e.g., 6.5; 8.5).
The same procedure was followed by seven
teachers, experts in the field of gymnastics,
to set the criteria for optimal performance of
a “handspring” vault (Milosis, Siatras,
Proios, Proios, Christoulas, & Papaioannou,
2018). After evaluating the better
performances, the final grade for each
examinee for each task was calculated as the
arithmetic mean of the scores assigned by
the examiners

The Statistical Package for the Social
Sciences (SPSS), version 21.0 (SPSS Inc.,
Chicago, lllinois), was used for data

processing. Descriptive statistics (mean
value and standard deviation) were
calculated for all variables. To determine the
relationships between absolute and relative
lower extremity strength and vault
performance efficiency, Pearson’s
correlation coefficient (r) was applied.
Regression analysis was employed to
establish the prediction of vault performance
efficiency based on absolute and relative
lower extremity strength. For this purpose,
the following were calculated: p -
standardized values of the regression
coefficient; t - standardized tests of the
significance of the regression coefficient; p -
the level of significance of the standardized
regression coefficient; R - multiple
regression; R? - coefficient of determination;
R? adjusted - adjusted coefficient of
determination; F - significance test of
multiple regression analysis; and p -
significance level of multiple correlation.
The Shapiro-Wilk test was used to check the
normality of the distribution.

RESULTS

The results of arithmetic means,
standard  deviations, and  Pearson’s
correlation coefficients for absolute and
relative lower extremity strength variables
and variables measuring vault performance
efficiency are presented in Table 4. For the
variables assessing gymnastics  vault
performance efficiency, slightly higher
mean values were obtained for the variable
(d1) - distance from the springboard in front
of the vault compared to variable (d2) -
distance of landing beyond the vault. The
normality of the distribution of results was
confirmed by the Shapiro-Wilk and
Kolmogorov-Smirnov tests, which yielded
values greater than .05 for all applied
variables.

Upon examining Pearson’s correlation
coefficient, statistically significant and high
correlation values were observed at the
significance levels (p = .01 and .05) between
absolute and relative lower extremity
strength variables and variables measuring
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gymnastics vault performance efficiency.
The highest correlations were found with
variable (d1) - distance from the springboard
in front of the vault, followed by variables
(d2) - distance of landing beyond the vault,
and variable (pt) - overall vault performance
rating.

The results of the regression analysis
for gymnastic vaults (ST) - Squat Through
and (FHS) - Front Handspring Vault are
presented in Table 5. The predictor system
of wvariables (1RM) - absolute lower
extremity strength and (LRM/BW) - relative
lower extremity strength, coefficient of
determination explains the shared variability
with the criterion variables in the range of
(R? = 67%) to (R? = 45%), with a level of
statistical significance (p = .00). The
criterion variable (d1) - distance from the
springboard in front of the vault had the
highest shared variability with the predictor
variables, followed by (d2) - distance of
landing beyond the vault and (pt) - overall

Table 4

vault performance rating, but there was no
statistically significant variability with the
variable (d1 - d2) - the difference between d1
and d2. The values of adjusted coefficient of
determination RZgjust ranged from (RZagjust =
.64) to (R%agjust = .14). The values of multiple
correlation coefficients R, which have levels
of statistical significance at (p =.00), ranged
in values from (R = .82) to (R = .68),
representing a high value. Upon analysis of
partial regression coefficients, [ values,
which have levels of statistical significance
at (p =.00 and p =.01), it was observed that
the predictor variable (1RM) - absolute
lower extremity strength has statistically
significant correlations with all criterion
variables except for one correlation (d1 - d2)
- the difference between d1 and d2. The
correlation values range from (p = .68) to (f
= .57). The predictor variable (1IRM/BW) -
relative lower extremity strength does not
have statistically significant correlations
with the criterion variables for vaults

Arithmetic means, standard deviations, and Pearson’s correlation coefficients of variables
absolute and relative lower extremity strength and variables measuring the vaults performance

efficiency
Variable M+ SD
1RM (kg) 89.67 + 13.70
1RM/BW 1.21+ .19
ST - squat through M2 SD 1RM 1RM/BW
Variable r r
109.93 +
di(cm) 12.36 81" 71"
d2 (cm) 101.33 + 747 .68™
dl-d2 (cm) 11.68 43" .29
pt (points) 8.60 +3.16 73" 66"
7.68+.70
FHS - front ha}ndsprmg vault M+ SD 1RM 1RM/BW
Variable r r
d1 (cm) 107.53 + 7 69
d2 (cm) o 7173ff1 ’s 75~ 67"
dl-d2 (cm) | ' 40" .35
- 9-77 :t 4.11 *k *k
pt (points) 798+ 78 .67 .61

Data are presented as the M + SD. r- Pearson’s correlation. p- significance level of Pearson’s correlation. **. The
mean difference is significant at the .01 level. *. The mean difference is significant at the .05 level
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Table 5
Regression analysis of vault ST - squat through and FHS - front handspring
Criterion Predictor ) >
Variables Variables P ¢ P R R R st F P
1RM (kg) 68 358 .00
di (cm) 1RM/BW 17 88 39 .82 .67 .64 27.10 .00
1RM(kg) 56 260 .01
d2 (cm) 1RM/BW 22 103 31 -I5 .57 .53 17.66 .00
1RM(kg) 36 123 .22
dl-d2 (cm) 1RM/BW 17 58 57 41 .22 14 3.29 .07
pt (points) 115,\'\2'/(;3\)/ 'gj 2'1653 'gé 72 45 41 11.07 .00
1RM (kg) 59 279 .01
dl (cm) 1RM/BW 21 101 32 .18 .59 .56 19.36 .00
1RM(Kg) 57 267 .01
d2 (cm) 1RM/BW 22 102 32 .14 57 .54 18.20 .00
1RM(kg) 33 109 .28
d1-d2(cm)  1RM/BW 09 30 77 40 20 .16 263 .09
_ 1RM(kg) 65 299 .01
pt (points) 1RM/BW 15 69 50 68 .58 .55 16.44 .00

Data are presented as the - Standardized values of the regression coefficient. t- Standardized tests of the
significance of the regression coefficient. p - The level of significance of the standardized regression coefficient.
R - Multiple correlation coefficients. R? - Coefficient of determination. R%gjust - Adjusted coefficient of
determination. F - Significance test of multiple regression analysis. p - Significance level of multiple correlation

DISCUSSION

This research aimed to determine the
relationships between absolute and relative
lower extremity strength and gymnastics
vault performance efficiency. The authors
also sought to explore the possibility of
predicting gymnastics vault performance
efficiency based on absolute and relative
lower extremity strength. The main finding
of this research is that statistically significant
relationships between absolute and relative
lower extremity strength and gymnastics
vault performance efficiency were observed
in almost all variables. Based on the values
of multiple correlations and partial
regression coefficients, it is possible to
successfully  predict gymnastics vault
performance efficiency using absolute and
relative lower extremity strength.

The analysis of the arithmetic means,
Pearson’s correlation coefficients, and
regression analysis of variables measuring
absolute and relative lower extremity
strength, along with those assessing vault
performance efficiency, yields the following

discussion of results. The mean values for
gymnastics vaults are slightly higher for the
squat through vault compared to the front
handspring vault, as expected, given the
simpler motor structure of the squat through
vault. Statistically significant and strong
Pearson’s correlation values were obtained
between absolute and relative lower
extremity strength variables and vault
performance efficiency. Regression analysis
also revealed statistically significant and
strong multiple correlations and partial
regression coefficients, demonstrating a
positive and significant influence of absolute
and relative lower extremity strength on
vault performance efficiency, as well as the
potential to predict vault performance
efficiency based on these strength measures.

The predictor variable (1RM)
absolute lower extremity strength — proved
more effective in predicting vault
performance efficiency based on partial
regression coefficients. The highest values
for the arithmetic means, Pearson’s
correlation coefficients, and regression
coefficients were found in the following
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criterion variables: (d1) — distance from the
springboard in front of the vault, (d2) —
landing distance beyond the vault, (pt) —
overall vault performance rating, and (d1 -
d2) — the difference between d1 and d2.

Based on these results, it can be
concluded that participants performed vaults
with a slightly greater distance from the
springboard compared to the distance they
achieved during the landing phase. This led
to slightly lower final scores for overall vault
execution. One possible reason for this
performance outcome is that the college
students had limited prior experience
performing vaults, whereas elite gymnasts
typically achieve a shorter difference
between the takeoff and landing phases.

A small number of studies similar to
this one exist. The following studies are
presented as partial support for this research.
Only the results and discussions from studies
that partially confirm the findings of our
study have been extracted.

Atikovi¢ and Smajlovi¢ (2011) found a
statistically significant correlation between
criterion variables from the COP matrix
(FIG, 2009) and five variables: BCG
velocity on the springboard (r = 0.768, p <
0.05), alpha in the x-axis during the second
flight phase (r = 0.759, p < 0.05), and time
of the first flight phase (r =-0.486, p < 0.01).
Their analysis of the impact of individual
variables showed the greatest and most
statistically significant influence of criterion
variables from the COP matrix on the
following individual variables: alpha x
during the second flight phase (B = 0.835, p
< 0.001), alpha y during the second flight
phase (B =0.375, p <0.001), and moment of
inertia Jx in the second flight phase (f =
0.373; p < 0.001).

Farana and Vaverka (2012) reported
that five out of 23 examined variables
showed significant correlations with the
scores. Significant correlations were found
in the vertical height of the body mass center
during take-off from the vaulting table (r =
0.86), the maximum height of the body mass
center in the second flight phase (r = 0.83),
the horizontal velocity change during the

take-off phase from the vaulting table (r = -
0.69), the horizontal velocity component
during take-off from the vaulting table (r =
0.75), and the duration of the second flight
phase (r = 0.69).

The significance of the research by
Paunovi¢ et al. (2022) lies in determining the
influence of absolute and relative muscle
strength in the legs, upper arms, and
shoulder girdle on the success of vault
performance. While the influence of relative
strength compared to absolute strength is
greater, it does not reach statistical
significance. Based on the results, it can be
concluded that neither absolute nor relative
strength is a decisive factor for vault success.
Specifically, the muscles of the shoulder
girdle have the greatest influence on vault
performance, although this influence is not
statistically significant. The beta coefficient
values indicate a very small influence from
the upper arm muscles (-.144) and a small
influence from the leg muscles (-.322), while
the shoulder girdle muscles have a larger
influence, contributing 52.5% (B = .525).

In Paunovi¢ et al. (2018), the authors
examined the influence of the relative
strength of different muscle groups on the
all-around performance of gymnasts aged 14
to 16. While relative strength of the leg
muscles influences all-around results, this
influence is not statistically significant (p =
0.413). Similarly, the influence of the upper
arm muscles was not significant (p = 0.926).
As in the previous study, the shoulder girdle
muscles had the greatest influence (B =
0.499), though still not statistically
significant (p = 0.653). The results for this
set of variables closely mirror those from the
earlier study.

In another study, Paunovic¢ et al. (2019)
examined the influence of absolute and
relative strength on the success of
performing the floor exercise. Using a
sample of respondents aged 14 to 16 years,
the results were similar to those of previous
studies. While both absolute and relative
strength showed influence, it was not
statistically ~ significant. For absolute
strength, the significance level was (p =
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0.295), and for relative strength, it was (p =
0.284).

Cuk and Karacsony (2004) presented
the  biomechanical characteristics of
vaulting, identifying the most important
factors for successful vaulting, such as
morphological characteristics, run velocity,
length of flight on the springboard, duration
of board contact, foot position relative to the
springboard edge, duration of the first flight
phase, duration of table support phase,
duration of the second flight phase, jump
height, moments of inertia on the x and y
axes, distance during the second flight
phase, and landing.

A gymnastics vault clearly reflects the
specificity of effort, which is influenced by
various manifestations of dynamic strength.
This strength is primarily evident during the
take-off from the springboard through the
lower extremities, and during the take-off
from the apparatus through the upper
extremities. Static strength, which opposes
dynamic strength, is demonstrated during
landing (Kochanowicz et al., 2009).

According to research conducted by
Marinsek (2010), the physical preparation
and motor control of gymnasts are
determining factors for all phases of vault
exercises in artistic gymnastics, including
the run-up, jump onto the springboard,
springboard support phase, first flight phase,
and landing.

In the study conducted by Koperski et
al. (2010), the highest and most statistically
significant correlation between gymnasts'
results in take-off power, assessed on a
tensiometric platform and the springboard,
was (r=0.916) at (p <0.05). Additionally, a
crucial correlation was observed between the
time of the contestant's contact with the
ground during laboratory tests and the same
parameter measured during take-off from the
springboard (r = 0.668). The analysis of test
results reveals a strong correlation between
athletes' speed and force abilities in
laboratory conditions and the physical
values exhibited during springboard take-off
in actual competition. Therefore, the
measurement of speed-force abilities (take-

off power) in laboratory conditions can be an
effective measure of athletes' preparedness
for gymnastic vaults.

Previous research by Kochanowicz and
Kochanowicz (2014) demonstrated that
vault  performance  effectiveness s
influenced by somatic features, motor
abilities, and technical skills. In a later study
by Kochanowicz et al. (2016), mean values
of lower limb power indicators and their
correlation with the vault score were as
follows: maximal power (W) 140091 =+
502.74, (r = 0.401%*); relative maximal force
(%BW) 234.87 + 3434, (r = 0.330%).
Additionally, mean values of biomechanical
indicators and their correlation with the
score for the front handspring vault were: d0
(springboard distance before the vault) 96.64
+ 22.78 cm, (r = 0.441%*), and d3 (landing
distance) 138.73 £ 45.79 cm, (r = 0.631*%).

Testing of the second hypothesis on the
influence of leg muscle strength on vault
technique yielded a significant result (r =
0.000, p<0.01). The influence (A=X?>—Y)
belongs to the medium category, with the
most significant impact on the correlation
value of 0.454. The movement of the lower
extremities during the run-up to the round-
off position and the landing point at the
fulcrum is driven by leg muscle strength.
Leg muscle strength contributes to the power
of foot jumps, while maximal explosive
muscle strength enhances acceleration
capabilities (Qomarrullah et al., 2018).

Several factors contributed to the
relationships identified between absolute
and relative lower extremity strength and
gymnastics vault performance efficiency in
this research, including the participant
sample. The participants were students who
had no significant prior knowledge of
gymnastics vaults. After 15 weeks of regular
gymnastics classes, the students gained
knowledge of vaulting, which correlated
significantly with their absolute and relative
lower extremity strength.

Another contributing factor was the
selection of variables. Different results
might have been observed if the study had
included additional variables to assess
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muscle strength in the arms, shoulder girdle,
or other motor abilities influencing vaulting
efficiency. A third factor was the inclusion
of both the squat through and front
handspring vaults, as well as the criterion
variables used to evaluate vaulting
efficiency. Although not highly complex in
movement structure, both vaults are
challenging for students, with those
displaying higher levels of absolute and
relative lower extremity strength achieving
more successful performances.

Absolute and relative lower extremity
strength had the greatest impact on the
criterion variables for vaulting: (dl1) - the
distance from the springboard ahead of the
vault, followed by (d2) - the distance of
landing behind the vault, and (pt) - overall
vault performance rating.

From the foregoing, this research has
some limitations in terms of theoretical and
practical usefulness. These limitations are
reflected in the fact that the results of our
study can primarily be applied to students at
sports faculties and beginners in artistic
gymnastics and, therefore, cannot be
generalized or applied to elite gymnasts.
Additionally, one of the limitations is that,
aside from absolute and relative strength,
other factors crucial for vaulting efficiency,
as mentioned earlier, were not addressed in
this study.

CONCLUSION

This study investigated the
relationships between absolute and relative
lower extremity strength and gymnastics
vault performance efficiency. Significant
statistical relationships between absolute
and relative lower extremity strength and
vaulting efficiency were found in almost all
variables examined. The prediction of
vaulting efficiency based on these strength
measures can be successfully determined
using multiple correlations and partial
regression coefficients.

We hope this study stimulates future
scientific research on the role of lower
extremity strength in gymnastics vaulting.
The value of this research lies in its potential
to highlight the importance of enhancing
absolute and relative lower extremity
strength in sports gymnastics classes at
sports faculties, making it easier for students
and individuals without prior vaulting
experience to learn and improve their
vaulting performance. Future studies could
investigate gymnasts performing more
complex vaults, incorporating a wider range
of strength-related variables and a more
comprehensive set of vaulting efficiency
measures
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Abstract

The approach run is a fundamental precondition for successful vault performance, as it enables
the gymnast to develop maximum controlled horizontal velocity. The purpose of this study was
to investigate the length, frequency, and velocity of steps during the run-up phase (approach run)
in the execution of the handspring vault on the vaulting table. Nine high-level male artistic
gymnasts, who performed the handspring vault under training conditions, volunteered to
participate in the study. Five video cameras—four stationary and one scanning—were used to
record the run-up phase, the hurdle step, and the take-off from the springboard. The gymnasts
performed six trials of the handspring vault with a three-minute rest between each trial. Results
showed that the final step was shorter than the penultimate step, and the penultimate step was
longer than the preceding step. Additionally, the gymnasts demonstrated a gradual increase in
their run-up velocity, a key requirement for a successful jump, up to the penultimate step. The
average step frequency among gymnasts ranged from 3.20 to 4.88 steps per second, while the
average step velocity across the six attempts was between 4.03 and 7.37 m/sec. Finally, a gradual
increase in the gymnast’s velocity was observed up until the last step, with the final step being
shorter than the penultimate step and the penultimate step being longer than the one before it.

Keywords: Kinematic characteristics, step length, approach run, hurdle step, handspring vault.

INTRODUCTION

Vaulting in artistic gymnastics (AG), is push-off, (vi) 2" flight phase, and (vii)
the only event that consists of a single landing (Takei, 2007). The approach run is
exercise, and due to the complexity of the one of the basic preconditions for successful
movements involved is the most researched performance on the vault as it enables the
and best understood apparatus (Prassas et al., gymnast to developed the maximum
2006). Vaulting is one of the events of AG possible controlled horizontal velocity
that characterized by very short duration which facilitates proper execution of the
lasting up to five to six seconds (Cuk & next phases (Velickovi¢ et al., 2011).
Karacsony, 2004) and consisted by seven Running velocity, is one of the most crucial
phases; (i) run-up, (ii) hurdle step, (iii) take- elements for a good vault, as listed by
off form board, (iv) 1st flight phase, (v) previous authors (Atikovi¢ & Smajlovié,
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2011; Cuk & Karacsony, 2004). Previous
findings by Cuk et al. (2007) who
investigated the relationship between the
difficulty values (DV) of vault and runway
velocity in top level male artistic gymnasts
revealed that the correlation between each
gymnast’s runway velocity and DV of the
vault was much lower than the correlation
between average velocity of the jump and its
DV. Furthermore, the study by Atikovi¢
(2012) who investigated the relation
between vault difficulty value and
biomechanical parameters in men’s AG,
revealed that the best model only predicted
the second flying phase with 95% of the
variation explained. Furthermore, the
approach run is not performed just to
develop the gymnasts the maximum possible
velocity but involves complicated motor
control as gymnasts must balance the
velocity requirements with an accurate take-
off (Bradshaw, 2004). Thus, the goal of the
gymnasts to achieve the maximum
controlled take-off angle and take-off
velocity during the last stride, hurdle step,
relies on maximizing step velocity (SV)
during the approach run phase. Increasing
approach velocity has resulted in higher
velocity at springboard take-off, an increase
in temporal parameters in 1%t and 2" flight
phases, and a decrease in springboard and
vault contact times which permit greater
number of body rotations during second
flight phase (Farana et al., 2013). During
take-off from the springboard and vaulting
table, the horizontal kinetic energy that was
gathered during the run-up, is converted into
angular and vertical kinetic energy to
facilitate an optimal second flight phase
(Prassas et al, 2006). The development of the
necessary propulsion on the springboard in
order to gain enough height and distance for
hand-placement on the vaulting table is
heavily dependent on the velocity achieved
at the last step of the approach and the
resultant take-off velocity and angle prior to
landing on the springboard (i.e. the hurdle
step). Further, increasing post-flight time
provides gymnasts with the ability to
complete more  complex  acrobatic

movements, increasing the degree of
difficulty and the potential for a higher score
(Bradshaw, Hume, Calton & Aisbett, 2010).

The technique of performing the
approach run in vaulting, particularly during
the final two steps and the hurdle, differs
significantly from running in simpler
conditions where a hurdle step is not
required after the last stride (Meeuwsen and
Magill, 1987). Considering that the hurdle
step must be executed from a precise
distance, which is largely dependent on the
velocity achieved during the last stride, the
primary objective for gymnasts is to
maximize step velocity (SV). This is
accomplished by increasing both step
frequency (SF) and step length (SL), the two
components that constitute SV (Hunter et al.,
2004), although these components are
inherently different.

However, SF and SL during sprint
running exhibit a negative interaction due to
the conflicting demands associated with
increasing each (Hunter et al., 2004; Salo et
al., 2011). The importance of approach
velocity is underscored by Tashiro et al.
(2008), who highlight its significant
contribution to the successful execution of
the vault. Numerous studies have also
emphasized the positive correlation between
run-up velocity and gymnastic scores (Sands
& McNeal, 1995; Takei, 1988; Takei et al.,
1996). According to Sands (2000), the run-
up phase is considered one of the predictors
of a successful vault, with maximum running
velocity and the number of steps being
crucial elements in this prediction.

The initial increase in velocity, up to
sub-maximum levels of around 6 m/s, is
primarily due to an increase in SL
(Thorstensson &  Robertson,  1987).
Following this, further increases in velocity
are largely attributed to an increase in SF
(Kuitunen et al., 2002; Mero & Comi, 1985;
Weyand et al., 2000).

When performing the approach run,
gymnasts progressively increase their
velocity as they near the springboard, aiming
to achieve maximum possible speed during
the take-off phase. This increase in velocity
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enables experienced gymnasts to execute
better rotations around the body axes, thanks
to greater speed and push, allowing them to
perform vaults efficiently even at very high
speeds (Penitente et al., 2007). As Bradshaw
(2004) noted, the run-up phase during
vaulting can be divided into two distinct
phases: (a) an accelerative phase, where the
gymnast builds velocity, and (b) a visually
controlled (targeting) phase, where, once
near top velocity, gymnasts use their vision
to regulate their step pattern, ensuring they
‘hit’ the springboard in the optimal position
for take-off. According to the existing
literature, this study is the first to examine
the entire run-up phase on the vaulting table
with high-level gymnasts performing the
handspring vault.

METHODS

The sample consisted of nine high level
male artistic gymnasts (mean age 23.33 +
5.22 years; body mass: 62.89 = 6.47 kg;
height: 169.22 + 06.51 cm) that were
voluntarily participated in this study. They
were members of national team with average
training experience 19.00 + 5.45 years and
participating in international competitions.
After being informed of the purpose of the
study, it was clarified that they have the right
to leave at any time during the experimental
process if they so wished. Approval for the
investigation was obtained from the School
of Physical Education and Sport Science's,
of the National and Kapodistrian
University’s ethics committee (1350/03-03-
2022). Written informed consent was
obtained from the participants. The study
was conducted in accordance with the
Declaration of Helsinki for human
experimentation.

The experimental task involved the run-
up phase (approach run) for executing a
handspring on the vaulting table, with each
gymnast using their full individual approach
run. A personalized warm-up, similar to
what they typically perform before a
competition, preceded each set of
handspring vaults. The approach run

distance was measured from the leading
edge of the vaulting table, and the
springboard was positioned according to the
gymnasts'  self-selected  springboard-to-
vaulting table distance. Gymnasts were
instructed to perform each vault with
maximum effort. A six-minute passive rest
period was observed between each trial.

Prior to testing, a familiarization
session was conducted where all gymnasts
performed three handspring vaults, with 3-
minute recovery periods between each vault.
This session allowed for the accurate
determination of (a) the length of their
approach run, (b) the springboard-to-
vaulting table distance (BTD), and (c) the
distance between the last support phase of
the approach run (take-off to hurdle step)
and the springboard. Two days after the
familiarization procedure, the gymnasts
returned to the gymnasium to perform six
handspring vaults.

According to the guidelines of the
International Gymnastics Federation (F.1.G.,
2022), the vaulting event consists of an
approach runway, a springboard, and a
vaulting table set at a height of 1.35 m. The
25-m long and 1-m wide runway is marked
with custom black-and-white markers
placed at 1 m intervals along its length,
parallel to the boundaries' long axis. White
tape strips were also placed at the four edges
of the springboard for added precision.

The approach phase towards the vault
table was recorded using one panning and
four stationary high-speed video cameras
(Casio Computer Co. Ltd, Exilim-Pro-EX-
F1, Shibuya, Japan) at a sampling rate of 300
fps (resolution: 512 x 384 pixels). The
position of each camera, along with the
overall process of recording and analyzing
the kinematic characteristics of the approach
run, followed procedures outlined in a
previous study (Dallas & Theodorou, 2020).

Twenty-two anatomical points
(including the tip of the toe, 5th metatarsal,
heel, ankle, knee, hip, shoulder, elbow,
wrist, and 5th metacarpal on both sides of the
body, the 7th cervical vertebra, and the top
of the head) were marked with spherical
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markers of 0.02 m in diameter. These
markers were attached to the skin using
black double-sided adhesive tape to create a
white-on-black contrast. The collected
videos were digitized using kinematic
analysis software (Ariel Dynamics Inc.,
APAS v13.3.0.3, Trabuco Canyon, CA,
USA), and the coordinates of the body’s
center of mass (CoM) were calculated for
every frame based on the anatomical data
provided by Plagenhoef (1985).

A second-order low-pass Butterworth
filter with a cut-off frequency of 6 Hz was
applied for smoothing the data. The accuracy
of the 2D reconstruction was determined by
the root mean square error (RMSE),
calculated after randomly re-digitizing 10%
of the captured frames. An error of 0.45 cm
and 0.63 cm was found for the X (horizontal)
and Y (vertical) axes, respectively.

Toe-table distances (TTDs) for each
foot placement during the gymnasts'
approach run were measured using a 5-point
model. This model included the toe-off point
during the support phase (contact) of the
gymnast’s foot on the ground and the four
markers surrounding the foot at ground
contact (Hay & Koh, 1988). The support
phase refers to every instance of the
gymnast’s foot contacting the ground while
running on the runway, hurdling, or stepping
on the springboard. The horizontal distance
between the toe and the line formed by the
two closest digitized markers (toe—marker
distance) was obtained. TTD was then
calculated by adding the toe—marker
distance to the marker—table distance.

The validity of this procedure for
calculating the TTD was assessed by
recording test panning and stationary videos
from each respective camera, with a gymnast
placing his foot on the runway at known
distances (0.10 m, 1 m, 2 m, 3 m, and every
2 m thereafter up to 25 m from the front edge
of the vaulting table) (Berg & Mark, 2005;
Bradshaw, 2004). The TTD of the
‘calibration feet’ was then calculated using
the aforementioned method. The comparison
between the actual TTD and the TTD
derived from video analysis revealed a mean

absolute error of 0.01 m in the measured
distances.

The accuracy of the kinematic analysis
was further determined through intra-
researcher reliability. For this purpose, 10%
of the recorded frames were re-digitized, and
the same data analysis was conducted. The
intraclass correlation coefficient (ICC) was
found to be 0.998 (95% confidence interval:
0.997-0.999).

A step was defined as the distance
between two consecutive foot touchdowns
(support phases), and its length was
calculated by subtracting the consecutive
TTDs. TTDs and step lengths were
calculated for all support phases and steps,
respectively, of each gymnast’s approach
run. The distance from the toe to the leading
edge of the springboard at the moment of
landing on the springboard was identified as
the toe—board distance (TBD).

Based on the XY coordinates extracted
from the digitized anatomical points, the
following kinematic (dependent) variables
(DV) were calculated for the approach run:
(@) step length [cm], (b) step frequency
[steps/sec], (c) horizontal velocity [m/sec],
and (d) length of the hurdle step [m]. The
duration (contact time) of the support phase
during the hurdle step (TClast) and on the
springboard (TCsb) was defined as the time
elapsed (in seconds) from the initial contact
to the final contact of the foot with the
ground or springboard, respectively.
Descriptive statistics were employed to
calculate the aforementioned DVs during the
performance of the approach run.

All statistical analyses were conducted
using SPSS software (SPSS v. 28, IBM
Corp., NY). In the initial stage of data
processing, kinematic ~ characteristics
(length, frequency, and speed) were
recorded for all six attempts of each athlete.
Descriptive statistics were then employed to
compute the means and standard deviations
of the dependent variables across each
athlete's six attempts. Subsequently, an
analysis of variance with repeated measures
was performed to assess differences between
individual running steps.
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RESULTS

Kinematic analysis showed that the
mean step length across the six attempts was
156.31 £ 8.78 cm. Detailed values for each
gymnast are presented in Table 1.

Furthermore, the average step
frequency across 6 attempts was 3.85 £ 0.31
steps per second. Detailed values for each
gymnast are presented in Table 2.

Kinematic analysis showed that the
average step velocity of the gymnasts during
the entire approach run was 6.03 + 1.36
m/sec. Detailed values for each gymnast are
presented in Table 3.

However, the run-up phase of the
gymnasts is characterized by a continuous
increase in horizontal velocity and step
frequency, while step length generally
increases. Notably, the penultimate stride is
on average 10 cm shorter than the final stride
(see Graph 1).

The repeated measures analysis
revealed a statistically significant difference
in running steps between individual strides
(F 16.520, p < .001). Significant
differences were noted in the 2nd, 3rd, 4th,
5th, 7th, and 8th strides.

Average values on step'slength (m), frequency (steps/s), and
velocity (m/s) on run-up phase

4,88
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Graph 1. Characteristics of the run up phase
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Table 1. Data on the average step length for each gymnast across 6 attempts on handspring vault.

Step G1 G2 G3 G4 G5 G6 G7 G8 G9 X + sd
HS 294 310 280 276 311 294 314 312 316 300.78+15.24
LS 175 182 167 150 155 163 174 161 160  165.22+10.26
S2 165 178 184 156 175 194 192 171 160  175.00+13.42
S3 169 179 167 156 174 171 181 166 161  169.33+8.04
S4 163 186 171 158 181 174 187 163 158  170.89+11.03
S5 158 168 173 161 169 163 168 163 160 164.78+4.94
S6 147 170 170 152 176 175 145 149 149  159.22+13.11
S7 144 161 165 163 166 155 159 144 155  156.89+8.26
S8 140 159 161 169 168 160 145 143 154 155.89+10.00
S9 138 148 146 160 169 170 140 140 149  151.11+£12.32
S10 138 153 145 168 162 157 137 136 134 147.78+12.60
S11 123 137 148 141 145 128 125 136 135.37+£9.27
S12 119 109 137 138 115 125 130 124.71+£11.02
S13 107 144 113 112 119.00+16.87
X 145.07 160.83 159.84 156.00 159.07 157.46 156.91 152.00 154.00 159.22+11.56
G: Gymnast; HS: Hurdle step; LS: Last step; S: Step; X: mean value; sd: standard deviation
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Table 2. Data on the average step frequency (s %) (step/sec) for each gymnast across 6 attempts on handspring vault.

Step Gl G2 G3 G4 G5 G6 G7 G8 G9 x £ sd

LS 5.00 4.82 4.10 5.46 5.00 5.14 4.76 4.80 489 4.88+0.36
S2 4.27 411 4.22 4.60 3.93 4,14 3.92 4.13 452 420+0.23
S3 4.32 4.15 4.04 4.72 4.12 4.59 4.24 4.18 473 434+0.26
S4 4.47 3.91 4.04 4.47 3.74 4.26 4.08 4.13 461 4.19+0.28
S5 4.38 3.95 3.79 4.54 3.89 4.45 4.35 4.01 447 4.20+0.29
S6 4.45 3.78 3.78 4.24 3.54 4.10 4.10 3.94 453 4.05+0.32
S7 4.26 3.73 3.62 4.15 3.59 4.23 4.36 3.94 427 4.01+0.30
S8 4.22 3.44 3.58 3.83 3.09 3.65 4.13 3.86 436 3.79+0.40
S9 4.00 3.35 3.31 3.81 3.03 3.74 4.13 3.67 411 3.68+0.38
S10 3.94 2.96 3.10 3.41 2.76 3.39 3.85 3.52 405 3.44+045
S11 381 2.99 3.57 2.69 3.30 3.57 3.31 3.84 3.38+0.39
S12  3.68 2.73 3.23 2.99 3.03 3.10 3.65 3.20+0.35
S13 344 3.18 2.87 356 3.26+0.30
X 4.17 3.82 3.60 4.09 3.58 3.99 4.04 3.80 4.27 3.89

(0.40) (0.51) (0.48) (0.66) (0.67) (0.61) (0.43) (0.51) (0.42) (0.49)
G: Gymnast; LS: Last step; S: Step, X: mean value; sd: standard deviation
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Table 3. Data on the average step velocity (m/sec) for each gymnast across 6 attempts on handspring vault.

Step Gl G2 G3 G4 G5 G6 G7 G8 G9 x + sd

LS 8.78 8.79 7.55 8.21 7.77 8.40 8.32 7.75 7.79° 8.15+0.46
S2 7.05 7.35 7.05 7.17 6.91 8.07 7.53 7.09 725 7.27+0.35
S3 7.33 7.44 6.90 7.38 7.20 7.86 7.67 6.90 755 7.35+0.32
S4 7.29 7.17 7.04 7.09 6.78 7.44 7.67 6.75 730 7.17+£0.29
S5 6.95 6.65 6.43 7.33 6.60 7.27 7.35 6.53 7.16  6.91+0.37
S6 6.57 6.44 6.25 6.46 6.25 7.19 5.94 5.89 6.78 6.41+0.40
S7 6.16 6.04 5.85 6.78 5.96 6.58 6.96 5.69 6.64 6.29+0.45
S8 5.92 5.47 5.25 6.51 5.19 5.84 6.00 5.54 6.74 5.82+0.53
S9 5.54 4.97 4.79 6.11 5.14 6.37 5.82 5.16 6.14 5.56+0.57
S10 5.46 4.56 4.24 5.75 4.50 5.32 5.30 4.80 543 5.04+0.52
S11 470 3.31 5.30 3.81 4.79 4.60 4.18 521 4.48+0.68
S12 440 3.11 4.42 4.13 3.50 3.90 478 4.03+0.57
S13  3.70 4.60 3.28 3.96 3.88+0.55
G: Gymnast; LS: Last step; S: Step, X: mean value; sd: standard deviation
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DISCUSSION

The contribution of this research is
particularly important since it recorded the
entire run-up phase of the gymnasts, unlike
most other studies that focus on only the last
two to four steps. Variations in the length of
the final strides are attributed to the visual
adjustments athletes make to precisely
approach the vault. The run-up phase for the
gymnasts ranged from 21.15m to 24.26m
(average: 23.16 £ 0.85m) and comprised 10-
13 strides. The average run-up length was
23.16m, with an average of 12.11 steps, a
step length (SL) of 1.67m, a step frequency
(SF) of 3.93 steps/sec, and a step velocity
(SV) of 6.18 m/sec. The average length of
the hurdle step was 3.01m, consistent with
estimates for Olympic male gymnasts
(Uzunov, 2007). Our findings regarding the
run-up distance are comparable to those of
Heinen et al. (2013), who reported an
average approach-run distance of 19.56 +
0.29m to the leading edge of the vaulting
table.

The results revealed a progressive
increase in velocity from the first to the last
step, which is a key requirement of the run-
up phase. However, a slight decrease of -
1.08% was observed in the penultimate step
(7.35 vs. 7.27 m/sec). This increase in
velocity is primarily due to the rise in step
length (SL) (Thorstensson & Roberthson,
1987) and step frequency (SF) (Kuitunen et
al., 2002). The mean velocity of 8.15 m/sec
at the last step is consistent with findings
from Van der Eb et al. (2012), who reported
similar values (8.00 &+ 0.6 m/sec), and Mil¢i¢
et al. (2019), who noted a velocity of 8.06
m/sec for high-level gymnasts performing
the handspring vault. This value also falls
within the range of 7.50 to 9.95 m/sec
reported in other studies (Brehmer &
Naundorf, 2011; Fujihara, 2016). It is
noteworthy that our gymnasts employed
similar tactics in the final steps before the
hurdle step, reinforcing previous findings
(Heinen et al., 2013; Velickovi¢ et al., 2011)
which reported an increase in velocity
during these last steps. Specifically,

Velickovi¢ et al. (2011) observed that top-
level and middle-class gymnasts exhibited
the highest velocity values on the final step
when performing complex vaults, such as
the Handspring forward and salto forward
straight with 5/2 turns, or the Roche with a
Y% turn. This progressive increase in run-up
velocity, peaking in the last stride or the final
two strides, has been documented in other
studies (Velickovic, Petkovic, & Petkovic,
2011; Sands & Cheetham, 1986), with
gymnasts maintaining their velocity in the
last 5 meters (Arkaev & Suchilin, 2004).
Any fluctuations in speed may be attributed
to the necessary visual adjustments athletes
make to align their approach to the
springboard (Bradshaw, 2004). This is
consistent with previous studies indicating
that gymnasts aim to reach the springboard
at the highest possible velocity (Bradshaw,
2004). Additionally, Velickovic et al. (2011)
found that top-level gymnasts demonstrated
a gradual increase in velocity, peaking at
9.95 m/sec in the final step of the approach
run, which is higher than the 8.57 m/sec
reported for high-level gymnasts and the
8.15 m/sec observed in our study. The 8.15
m/sec recorded in our study aligns with
findings by Tan et al. (2023), who reported a
mean velocity of 7.87 + 0.48 m/sec during
the final 5 meters of the run-up for
handspring vault performance.

However, our results contrast with
those of Velickovi¢ et al. (2011), who
observed a decrease in velocity in the middle
of the run-up among elite gymnasts, while
our findings show a continuous increase in
average run-up velocity. It is important to
note that achieving maximum velocity just
before take-off from the springboard
facilitates the subsequent execution of the
first flight phase (Fernandes et al., 2016).
Furthermore, the development of effective
propulsion for a successful first flight phase
significantly relies on the velocity attained
during the last step of the hurdle step (Dallas
& Theodorou, 2020).

However, it is confirmed that gymnasts do
not adopt the same tactics as track and field
athletes regarding the length of the final
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three steps. A shorter length of the last step
could negatively impact both the approach
angle to the springboard and the angle of the
first flight phase. Instead, gymnasts aim to
increase the length of the last step to
minimize the loss of horizontal speed in the
subsequent phase. During the run-up,
gymnasts meticulously adjust their approach
to the springboard, leading to a reduction in
length in the last two strides as they visually
fine-tune their final steps. This finding aligns
with previous studies on high-level male
(Dallas & Theodorou, 2020) and female
gymnasts (Heinen, 2011; 2013), as well as
the Yurchenko vault (Bradshaw, 2004),
which emphasize the need for precise
distance and timing adjustments during the
last strides and the subsequent hop-to-foot
phase (Meeuwsen & Magill, 1987).

Finally, some limitations of this
study should be highlighted.

First, the handspring vault is a
relatively simple maneuver for high-level
gymnasts, and despite the provided
instructions, participants may not have
exerted maximal effort to develop their
running velocity. Second, the infrequent
practice of the handspring vault before the
study could have impacted their
performance effort. Third, the study did not
examine other phases of the vault or assess
technical performance, which limits the
comprehensiveness of the analysis.

Moreover, the results may not be
broadly applicable. The participants were
high-level ~ male  artistic ~ gymnasts
performing under training conditions. Given
the small sample size, the findings should be
generalized with caution, considering that
high-level athletes might share similar run-
up execution patterns. Future research
should explore kinematic characteristics in
high-level female gymnasts and in younger
gymnasts performing vaults with varying
difficulty levels.

CONCLUSIONS

The results of the present study
demonstrated a progressive increase in the

gymnasts' velocity throughout the entire run-
up, culminating in the last stride before the
hurdle step. Additionally, the technique
observed in the final three steps of the run-
up was characterized by variations in step
length: the last step was shorter than the
penultimate step, while the penultimate step
was longer than the one preceding it.
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Abstract

The aim of the study was the examination of the relationships among gymnasts’ training age,
body mass index (BMI), balance control during the execution of handstand, standing scale
forward, and stork standing in relevé position, and their performance in competition settings.
Forty young competitive gymnasts (20 males; age: 12.20 = 1.98 years, and 20 females, age:
12.33 + 2.07 years, mean = SD) participated in this study. A portable digital platform for
posturography was used to measure maximal pressure, center of pressure (CoP) sway area, CoP
linear distance displacement and CoP velocity. The resulting data were analyzed using an
integrated software module (Foot Checker, version 4.0). The results confirm the reliability of the
measurements. Strong positive correlations were found between gymnasts' performance in the
gymnastics competition, and their training age and BMI, with relationships also identified
between performance and variables related to balance control. Regression analysis revealed that
gymnasts' training age, BMI, and balance control in performing the assessed gymnastics skills
had predictive significance in determining their performance in the competition, taking into
account differences between age groups. Despite the limitations of the study, the results represent
a valuable contribution to the literature by expanding knowledge about predicting gymnastics
performance in competition. Furthermore, the results provide evidence for the identification of
talent in gymnasts, offer coaches insights to improve training efficiency, and provide
recommendations for future research in this area.

Keywords: gymnastics competition, prediction, gymnasts, balancing ability, posturography.

INTRODUCTION

High-level  gymnastic  skills are 2008; Lamoth, van Lummel, & Beek 2009).
characterized by increased stability, precise Fundamental gymnastics balance skills such
posture control during the execution of as (a) the handstand, (b) the standing scale,
different  movements, and reduced scale forward, or front scale, and (c) the
variability in their acceleration time-series. standing scale on one leg extended on the
Even minor disruptions to stability can ball of the foot (relevé) with the other leg in
significantly impact gymnastics passé (stork standing in relevé position) —are
performance (Asseman, Caron, & Crémieux, crucial for ensuring the quality and safety of
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gymnastics execution and determine the
potential for high-level development and
performance (Asseman et al., 2008; FIG,
2020a; FIG, 2020b; Fink, Hofmann et al.,
2021; Fink, Lopez et al., 2021; Hedbavny,
Sklenatikovéa, Hupka, & Kalichova, 2013;
Hrysomallis, 2011; Uzunov, 2008; Ziv&ié-
Markovié, Kristicevi¢, & Aleksi¢-Veljkovic,
2015).

Given the essential role these skills play
in attaining proficiency in gymnastics,
targeted training to develop and perfect these
skills is recommended from a young age,
typically around 7 years old (Fink, Hofmann
et al., 2021; Fink, Lopez et al., 2021).
Gymnasts’ experience, competition level,
number of training hours, and body mass
index (BMI) percentiles are associated with
their balance control (Liaw, Chen, Pei,
Leong, & Lau, 2009; Olchowik et al., 2015;
Opala-Berdzik, Glowacka, & Juras, 2021)
and have been considered among the most
important factors in predicting success in
gymnastics (Asseman et al., 2008;
Hrysomallis, 2011; Kaur & Koley, 2019;
Opala-Berdzik et al.,, 2021; Vuillerme,
Teasdale, & Nougier, 2001; Zemkova &
Zapletalova, 2022).

Training programs that include a
combination of general and sport-specific
exercises, specifically targeting postural and
core muscles, have demonstrated positive
outcomes in terms of improved body
balance, increased strength in the back
muscles, and enhanced endurance. Research
has indicated that incorporating balance
training into activities of recreational active
individuals or physical education students
led to enhancements in vertical jump
performance (Kean, Behm, & Young, 2006;
Simek, Milanovi¢, & Juki¢, 2007), agility
(Simek et al., 2007), and shuttle run (Yaggie
& Campbell, 2006). However, it is not well
established whether these improvements
effectively translate into enhanced athletic
performance (Zemkova & Zapletalova,
2022) or how balance training influences the
motor skills of elite athletes (Hrysomallis,
2011). Demonstrating a positive impact on
athletic performance could further justify

into a
regimen

incorporating balance training
comprehensive  conditioning
(Hrysomallis, 2011).

Gymnasts exhibit excellent
neuromuscular control in  maintaining
posture and core stability. Additionally, they
possess a heightened ability to perceive their
body’s orientation in space, particularly
during tasks that require precise postural
adjustments. These attributes significantly
enhance their efficiency in executing
gymnastics-specific movements and overall
functional performance (Vuillerme et al.,
2001).

Researchers have employed multiple
tests to evaluate balance when exploring the
relationship between balance ability and
athletic performance. The center of pressure
(CoP) measurement, obtained through a
pressure or force assessment system, is
currently the most reliable method for
accurately quantifying standing balance
(Asseman et al., 2008; Milosis & Siatras,
2012; Milosis & Siatras, 2023). Reduced
ranges of CoP displacement indicate
improved postural control during the
performance of a specific balance position
(Asseman et al., 2008; Asseman, Caron, &
Crémieux, 2005). In contrast, displacement
velocity reflects the effectiveness of the

nervous system in  regulating the
musculoskeletal —system's  response to
momentary imbalances, where a lower

average velocity of CoP displacement
suggests superior postural control (Asseman,
Caron, & Crémieux, 2004).

Within this context, there is a lack of
scientific data on the interrelationship
between gymnasts' balance ability and
gymnastics performance. Therefore, the aim
of this study was to determine the
correlations between the training age, BMI,
and balance control of gymnasts and their
performance in gymnastics age-group
competitions. It was expected that the results
of this study would provide coaches with
valuable insights to optimize their gymnasts’
training programs more effectively.
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METHODS

Forty young competitive gymnasts (20
males; age: 12.20 = 1.98 years, body mass:
35.55+10.09 kg, height: 142.05+12.90 cm,
and 20 females; age: 12.33 + 2.07 years,
body mass: 36.15 £ 6.29 kg, height: 145.50
+ 8.20 cm; mean + SD) participated in this
study. The study included only those
gymnasts who were able to maintain a stable
base of support and good posture while
performing the required skills for at least 10
seconds. The participants had undergone
structured training and  competitive
gymnastics at the national level for a period
ranging from 4 to 11 years. Typically, young
gymnasts can achieve the skill of
maintaining a static handstand on a flat
surface, such as the floor, after undergoing
specific gymnastics training for 3 to 4 years
(Kochanowicz et al, 2015). The gymnasts
trained six days per week, with each training
session lasting around three hours, and they
practiced on every gymnastics apparatus.
Training took place in a well-equipped gym,
also utilized by the Hellenic national
gymnastics team. The older gymnasts, male
and female, aged 14 and 15 years, were
deemed elite by the Hellenic Gymnastics
Federation. The study adhered to the
guidelines set by the Ethical Committee of
Aristotle University of Thessaloniki. Before
any measurements were taken, the parents
provided written informed consent for their
children’s participation in the study.

The distribution of weight and stability
during a handstand was measured and
analyzed using a vertical posturographic
digital platform (Foot Checker, Comex
S.A./LorAn  Engineering  Srl;  Castel
Maggiore, Bologna, Italy). The platform
measured 700 x 500 mm and was positioned
on the floor. It comprised 2304 resistive
elements with a measurement accuracy of
0.001 kPa, sampled at a frequency of 60 Hz.
Maximal pressure (the amount of force
acting vertically on the support surface;
kPa), CoP mean velocity (the sum of the
cumulative CoP displacement divided by the
total time; mm/s), and center of pressure

(CoP) sway area (defined as an ellipse
containing 90% of all displacement points;
mm?) were analyzed using integrated
software (Foot Checker, version 4.0).

All  measurements were conducted
under identical experimental conditions for
all participants. The tests were carried out by
a single researcher in a dedicated room that
minimized distractions for the gymnasts.
The portable platform wused for the
measurements was placed in a marked area.
To prevent the effects of training fatigue on
the results, the tests were conducted in the
afternoon, before the start of the training
session. Following a brief warm-up, the
participants stood still on the platform with
their eyes open for 10 seconds during each
test. A two-minute rest period between trials
was applied, and all tests were conducted
without shoes. A failed attempt was
considered when, during the 10-second
standing period, there was any variation in
the support position, such as shuffling,
stepping, or falling. In such cases, the effort
was interrupted and repeated after a two-
minute rest.

During the standing scale forward,
participants were instructed to place their
dominant foot in the middle of a rectangular
taped area on the platform and slightly lower
their upper body. They were then asked to
raise their non-dominant leg backward to the
horizontal level.

For the stork standing in relevé position,
participants stood in the same place with
their dominant foot positioned in the center
of the platform within the rectangular taped
area. They were then asked to place their
hands on their hips and position their non-
supporting foot against the inside of their
supporting leg’s knee. Following this,
participants were instructed to raise the heel
of their supporting foot to balance on the toe.
The evaluation began as the heel was lifted
from the platform. After completing the test,
participants performed the same standing
scale on their other leg. All participants were
instructed to maintain balance in the same
way (by looking straight ahead, with eyes
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open, and keeping their bodies as still as
possible).

To assess handstand balance, the “press
to handstand hold” technique was utilized,
starting from a standing position with feet
apart and hands positioned shoulder-width
apart on the platform. Under the guidance of
the researcher, the gymnast was assisted in
attaining a stable handstand with correct
body alignment, with the experimenter
lightly touching the sides of their upper legs.
The gymnast’s legs were then “released,”
and the assessment was conducted and
recorded for 10 seconds. The duration of 10
seconds for the handstand test was
considered adequate for the goals of the
present  study, achievable by the
participating gymnasts, and has also been
applied in previous studies (Kochanowicz et
al.,, 2015). During the test, gymnasts
attempted to maintain a stable base by
holding still with their wrists and fingers,
fixing their gaze within the hand support and
in front of the wrists, while keeping their
head in a neutral position (Asseman et al.,
2005), ensuring that their arms remained
straight and their bodies tight, strong, and
stable.

The SPSS software (SPSS v. 28, SPSS
Statistics, IBM Corp., NY) was used to
perform all statistical analyses. To verify the
reliability of the measurements, all tests
were repeated twice (test-retest) under the

[ ) ] 9%
Q= Ty
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47.3%

same conditions by the same experienced
examiner within a one-week period. Test-
retest reliability was examined using the
intra-class correlation coefficient (ICC). The
means and standard deviations of the values
for the left and right extremities from the two
tests were used to analyze the examined
variables related to balance control: (a)
Maximal Pressure (kPa) of the hands during
handstand (MP_H), Center of Pressure
(CoP) mean velocity (mm/s) during
handstand (CoP_V_H), and CoP sway area
(mm?) during handstand (CoP_SA H); (b)
Maximal Pressure of the foot during stork
standing in relevé (MP_SSR), CoP mean
velocity during stork standing in relevé
(CoP_V_SSR), and CoP sway area during
stork standing in relevé (CoP_SA SSR); and
(c) Maximal Pressure of the foot during
standing scale forward (MP_SSF), CoP
mean velocity during standing scale forward
(CoP_V_SSF), and CoP sway area during
standing scale forward (CoP_SA_SSF).
Figure 1 displays examples of the
measurements of the variables during the
execution of the studied skills. The results of
the national age group competition were
recorded approximately six months after the
introduction of the measurements. To
facilitate the statistical analyses, the mean
values were calculated for the six male
apparatuses and the four female apparatuses.

50.0%
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Figure 1: Examples of the measurements of the variables during the execution of the studied skills on
the digital platform (a) handstand, (b) stork standing in Relevé, and (c) standing scale forward.
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RESULTS

Assumptions  and the
measurements

The criteria for a normal distribution
were met by the independent variables, as
evidenced by their skewness and kurtosis
falling within the acceptable range (-1.0 to
+1.0), and the Shapiro-Wilk test supported
the normal distribution of the examined
variables (p > .05). The single measures
intra-class correlation coefficient values
ranged from .66 to .96. The equality of
variance-covariance matrices among groups
was confirmed by Box’s test. Similarly,
Bartlett’s test of sphericity revealed that the
variances were equivalent across groups,
and Levene’s test demonstrated that there
was no significant difference in error

variance among groups (p > .05).

reliability  of

Relationships between training age, BMI,
balance control parameters and gymnastics
performance

Pearson’s  correlation  coefficients
showed significant correlations between the
performance of participants in the
gymnastics competition and their training
age, BMI, and balance control in the three
examined gymnastics skills, ranging from
low negative to high positive (-.31 to .91,
Table 1).

The normal P-P plot supported the
normality of the data, and the scatterplot of
the residuals indicated homoscedasticity.
Tolerance values between 0.122 and 0.715
and VIF values ranging from 1.399 to 8.193
indicated acceptable collinearity
(Vittinghoff,  Glidden,  Shiboski, &
McCulloch, 2005). The Durbin-Watson test
result of 2.031 (within the acceptable range

of 1.5to 2.5) confirmed the independence of
errors. The results from the regression
analysis showed that training age and BMI
emerged as significant predictors of
gymnasts’ performance, accounting for
41.5% of the variance in performance,
F(2,37) = 13.15, p < 0.001. Adding MP_H,
CoP_V_H, and CoP_SA H in the second
step accounted for an additional 3.2% of
variation in performance, F(3,34) = 0.65, p =
0.587. Including MP_SSR, CoP_V_SSR,
and CoP_SA SSR in the third step
accounted for an additional 16% of variation
in performance, F(3,31) = 4.22, p < 0.01.
Finally, adding MP_SSF, CoP_V_SSF, and
CoP_SA _SSF in the fourth step accounted
for an additional 6.3% of variation in
performance, bringing the total proportion of
explained variance to 67.1%, F(3,28) = 1.79,
p = 0.173. The results from the analysis of
variance (ANOVA) table confirmed that the
model significantly predicted the dependent
variable in all steps: F(2,37) = 13.15, p <
0.001; F(5,34) = 5.50, p < 0.001; F(8,31) =
6.00, p < 0.001; and F(11,28) = 5.18, p <
0.001 (Table 2). The equation generated by
the regression model to predict gymnastics
performance based on balance control in the
three examined gymnastics skills was
calculated as follows:

Gymnastics performance = -11.192 +
(0.217 x training age) — (0.092 x BMI) +
(0.004 x MP_H) + (0.039 x CoP_V_H) +
(0.001 x CoP_SA H) +(0.087 x MP_SSR)
—(0.125 x CoP_V_SSR) + (0.009 x
CoP_SA SSR) +(0.007 x MP_SSF) +
(0.018 x CoP_V_SSF) —(0.002 x
CoP_SA_SSF).
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Table 1
Descriptive statistics and correlations for study variables
Variable M SD 1 2 3 4 5 6 7 8 9 10 11 12
1. Performance 10.95 1.45 -
2. Training age 6.38 2.30 .64*** -
3. BMI 17.10 1.83 51***  74FF* -
4. MP_H 392.50 21.74 .30 31* 37* -
5.CoP_V_H 32.89 8.88 -15 -05 -.08 32* -
6. CoP_SA_H 919.78  359.29 -.18 -01 -02  43** |75%** -
7. MP_SSR 223.39 9.06 .56*** 36* .37 A7 - 42** -37* -
8. CoP_V_SSR 28.72 8.18 -.31* -21  -.26 -.07 S1x*F* 50*F** - BgrrF -
9. CoP_SA _SSR 337.90 148.55 -17 -14 -19 .01 A9FF* - AB*F* - Be*FFR Q1FrE -
10. MP_SSF 183.38 23.75 20 .28 .30 18 -19 -.08 .00 -.04 -.02 -
11. CoP_V_SSF 44.96 13.74  -39* -43*%* =11 -A45%* B4R ABF* -.38* BLF**F B3xF* L 32* -
12. CoP_SA_SSF 896.11 387.60 -.42** -44*%* 04 -.29 SAFXRE L AGF* -.34* H3F**F - BgFR .24 73FFF -

Abbreviations: M = mean; SD = standard deviation; BMI = body mass index; MP_H = maximal pressure of the hands during handstand; CoP_V_H = center
of pressure mean velocity during handstand; CoP_SA_H = center of pressure sway area during handstand; SSS = stork standing in relevé, SSF = standing
scale forward.

***p <.001, **p < .01, *p < .05.
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Table 2

Hierarchical regression results for gymnastics performance in the age group competition

Variable B 9%5%ClforB SEB B R>  AdjR? t
LL UL
Step 1 42 .38
Constant 7.62 348 11.75 2.04 3.73%**
Training age 0.37 013 061 0.12 .59 3.16**
BMI 006 -024 036 0.15 .07 0.38
Step 2 45 37
Constant 723 -085 16.03 4.22 1.81
Training age 0.37 013 062 0.12 59 3.12%*
BMI 0.47 0.13 0.62 0.16 .06 0.31
MP_H 0.00 -0.02 0.02 0.01 .02 0.14
CoP_V_H 0.01 -0.06 0.07 0.03 .03 0.15
CoP_SA H -0.00 -0.00 0.00 0.00 -.19 -0.92
Step 3 .61 51
Constant -6.70 -2052  7.13 6.78 -0.99
Training age 0.33 0.10 0.56 0.11 53 2.95**
BMI -009 -039 021 015 -11 -0.61
MP_H 0.00 -0.02 002 0.01 .06 0.38
CoP_V_H 0.02 -0.04 0.08 0.03 10 -0.58
CoP_SA H 000 -000 000 001 -10 0.51
MP_SSR 0.07 0.02 012 0.02 45 2.96**
CoP_V_SSR -009 -018 002 0.05 -51 -1.74
CoP_SA SSR 0.01 0.00 0.01 0.00 61 2.09*
Step 4 67 54
Constant -11.19 -25.68  3.29 7.07 -1.58
Training age 0.22 -0.04 0.48 0.13 34 1.70
BMI -009 -040 022 015 -12 -.60
MP_H 0.00 -0.02 0.03 0.01 .07 44
CoP_V_H 0.04 -002 010 0.03 24 1.30
CoP_SA H 000 -000 000 000 -o07 -.40
MP_SSR 0.09 0.00 0.04 0.03 .55 3.56***
CoP_V_SSR -0.13 -024 -001 006 -71 -2.27*
CoP_SA_SSR 0.01 0.01 0.02 0.00 .90 2.91**
MP_SSF 001 -001 0.02 0.01 12 .89
CoP_V_SSF 0.02 -003 0.06 0.02 17 81
CoP_SA SSF -0.00 -0.00 000 000 -.42 -2.13*

Abbreviations: ClI = confidence interval; LL = lower limit; UL = upper limit; BMI = body mass index;
MP_H = maximal pressure of the hands during handstand; CoP_V_H = center of pressure mean
velocity during handstand; CoP_SA_H = center of pressure sway area during handstand; SSS = stork

standing in relevé, SSF = standing scale forward.
***p < .001, **p < .01, *p < .05.

DISCUSSION

This study aimed to determine the
relationships between gymnasts’ training
age, BMI, and balance control, and their

performance in age group competitions.
Currently, the most reliable approach to
accurately quantify balance is through the
measurement of the center of pressure (CoP)
using a pressure or force assessment system
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(Asseman et al., 2008; Milosis & Siatras,
2012; Milosis & Siatras, 2023). The findings
of this study supported the reliable and
effective use of the portable posturographic
digital platform as a tool for measuring CoP
in assessing balance skills in gymnastics
settings (ICC ranged from .66 to .96).

In this study, strong positive
correlations were found between gymnasts’
performance in competitions and both
training age (r = 0.64) and BMI (r = 0.51).
Additionally, relationships were identified
between performance and variables related
to balance control. In particular, positive
correlations were observed with maximal
pressure, which refers to the vertical force
exerted on the support surface during the
performance of the studied gymnastics
skills. These correlations were robust and
statistically significant, especially
concerning stork standing in relevé position
(r = 0.56). Conversely, this study revealed
negative relationships between performance
and the CoP mean velocity and CoP sway
area during the execution of the examined
gymnastics skills. These correlations were of
moderate strength and statistical
significance, particularly regarding stork
standing in relevé position (r = -0.31) and
standing scale forward (r = -0.39, -0.42).
Higher maximal pressure and lower CoP
mean velocity and sway area are mentioned
as determinants of better-quality balance
control (Asseman et al., 2004; Asseman et
al., 2005; Asseman et al., 2008; Hrysomallis,
2011; Sobera, Serafin, & Rutkowska-
Kucharska, 2019; Yeadon & Trewartha,
2003). Significant correlations have been
identified between balance ability and a
range of performance measures
(Hrysomallis, 2011).

The results of the present study support
the hypothesis that effective development of
postural control skills is crucial for young
gymnasts to attain  proficiency in
fundamental movement skills (Clark, 2005;
Lubans, Morgan, CIliff, Barnett, & Okely,
2012) and enhance their overall athletic
performance (Hrysomallis, 2011; Zemkova
& Zapletalova, 2022). It has been shown that

the enhanced postural stability observed in
artistic gymnasts is associated with their
training experience and BMI percentiles
(Liaw et al., 2009; Olchowik et al., 2015;
Opala-Berdzik et al., 2021). Several studies
have demonstrated the substantial influence
of professional gymnastic training on body
stability, both in natural and unnatural
balance positions (Gautier, Thouvarecq, &
Larue, 2008; Hedbavny et al., 2013;
Kochanowicz et al., 2018). Furthermore, it
has been argued that the strength relative to
the body mass of gymnasts plays a decisive
role in their performance in gymnastics
(Bradshaw & Rossignol, 2004; Kaur &
Koley, 2019).

In addition, the results of the regression
analysis revealed that gymnasts’ training
age, BMI, and balance control during the
performance of the studied gymnastics skills
had predictive significance in determining
their  performance in age group
competitions. The equation generated by the
regression model can be used to predict
performance in competition based on
gymnasts’ training age, BMI, and balance
control during the execution of the studied
gymnastics skills.

Based on the findings, the model
demonstrated significant predictive ability
for the dependent variable (performance in
the competition) across all stages,
accounting for a substantial 67.1% of the
variance in the final step. An examination of
the beta coefficients in the final step
concluded that the CoP sway area, CoP
mean velocity, and maximal pressure during
stork standing in relevé, as well as the CoP
sway area during the execution of standing
scale forward, made the most substantial
contributions to predicting performance in
competition. These findings indicate that the
skill of stork standing in relevé holds greater
significance for performance compared to
standing scale forward and handstand skills.
The handstand is widely acknowledged as an
essential balancing skill for both male and
female gymnasts (Hedbavny et al., 2013;
FIG, 2020a; FIG, 2020b; Uzunov, 2008;
Ziv¢ié-Markovic¢ et al., 2015). It serves as a
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versatile position, utilized as both the initial
and final posture in various gymnastic
exercises. For example, it is a fundamental
element within larger motor sequences, such
as executing a forward or backward
handspring. It is also used in other gymnastic
exercises, such as transitioning from a swing
with straight arms to a handstand on rings or
executing a basket to handstand on parallel
bars. However, the findings from the present
study indicate that balance control during the
execution of a handstand does not
significantly predict performance outcomes
in competition. The wide age range and
inclusion of both genders among the young
gymnasts in this study may have influenced
the results, thereby downplaying the
predictive validity of the handstand on their
performance, particularly when considering
the effects of the other variables studied.

The extent to which improvements in
performance can be attributed to the specific
balance training stimulus, rather than the
overall increase in physical conditioning
resulting from integrating balance training,
remains uncertain. Some theories suggest
that advancements in balance skills might
decrease the allocation of muscles for
stabilization purposes, enabling them to
contribute more effectively to generating
motive force (Kean et al., 2006). Significant
improvements in motor skill performance
have been observed as a result of balance
training, indicating notable adaptations
(Hrysomallis, 2011). Furthermore, evidence
suggests that balance training can enhance
maximum voluntary isometric contraction
(MVIC) force (Heitkamp et al., 2001),
improve the rate of force development
(RFD) during MVIC (Gruber & Gollhofer,
2004), and potentially optimize
musculotendinous and joint stiffness,
thereby reducing the amortization phase in
the stretch-shortening cycle (Kean et al.,
2006).

Moreover, engaging in balance training
can result in specific neural adaptations at
both spinal and supraspinal levels. These
adaptations include the suppression of spinal
reflex excitability (Taube et al., 2008), as

well as improved agonist-antagonist muscle
co-contraction, leading to increased joint
stiffness and enhanced joint stability against
disturbances (Lloyd, 2001). Additionally,
balance training has been associated with a
shift in movement control, transitioning
from cortical structures to subcortical and
cerebellar regions, as supported by research
findings (Taube et al., 2008). Lastly, several
sensory adaptations to the balance training
stimuli inherent in various sports activities
have been proposed (Hrysomallis, 2011;
Vuillerme et al., 2001).

Nevertheless, while these task-specific
adaptations can account for the enhanced
balance ability resulting from balance
training, they may not fully elucidate the
concurrent improvement in motor skills. The
specific contribution of enhanced motor or
sensory function to the improvement in
motor task performance from balance
training remains unclear. Proprioception, a
component of the sensory system, provides
information about joint position sense and
detects joint motion, making it a crucial
element of the balance system (Fallas-
Campos et al., 2023; Vuillerme et al., 2001).
It has been suggested that athletes may
develop increased skill in focusing on and
attending to relevant sensory cues through
training, thereby enhancing their ability to
generate precise motor responses. For
example, gymnasts who balance on the beam
may learn to prioritize their attention to
detect even the slightest body segment
acceleration, aiming to  minimize
unnecessary motion and ultimately enhance
their performance (Ashton-Miller et al.,
2001). Specifically, the ability to reduce CoP
displacements through the reinsertion of
proprioceptive  information is  more
pronounced in gymnasts compared to non-
gymnasts (Vuillerme et al., 2001).

A limitation of this study was the
inclusion of a sample consisting of both male
and female gymnasts, which was necessary
to ensure an adequate size for statistical
analyses. However, it is possible that the
balance skills studied had different effects
on gymnastics performance between
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genders. For instance, the handstand may
have a more prominent impact on the
performance of male gymnasts due to its
greater utilization in skills performed on
male apparatus. Conversely, the standing
scale forward and stork standing in relevé
position may be more strongly associated
with female performance, as these skills are
fundamental for executing balances, turns,
and jumps on the floor and balance beam.

Furthermore, this study included a wide
range of athletes, encompassing individuals
aged approximately 10 to 15 years with
varying levels of training experience (4 to 9
years). While the gymnasts participated in a
gymnastics age group competition, it is
important to recognize that differences in
age and training experience likely influence
the relationships between balance control
and performance results. Further research is
needed to explore the relationship between
balance ability and gymnastics performance
in male and female gymnasts separately.
Additionally, employing larger and more
homogeneous samples regarding age and
training experience would enhance the
validity of the findings.

CONCLUSIONS

The results of this study revealed that
variables such as the gymnasts’ training age,
BMI, and balance control during the
execution of handstands, stork standing in
relevé position, and standing scale forward
had a positive predictive relationship with
their performance in upcoming
competitions. Demonstrating a positive
impact on athletic performance strengthens
the rationale for integrating balance training
as a critical component of a comprehensive
conditioning program. Based on these
findings, incorporating static balance tests of
specific skills could also be beneficial in the
talent identification process for selecting
promising  gymnasts  during  early
specialization. Furthermore, these tests may
serve as valuable assessment tools for
evaluating and identifying high-
performance gymnasts.
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Abstract

COVID-19 lockdowns had a negative impact on training practices and other fitness- and
coaching-related aspects across many sports disciplines. This study analyzed the relationship
between different training routines and performance, as well as the prevalence of
musculoskeletal injuries (M) in young gymnasts following the onset of the COVID-19 pandemic.
The sample consisted of 67 artistic gymnasts (AG) from Campo Grande, MS, Brazil, aged 8 to
17 years. Participants were divided into two groups: G1, which included gymnasts in remote
training, and G2, comprising gymnasts in face-to-face training. Subjects were assessed for
anthropometric variables, flexibility, muscle power, and sensorimotor stability, and completed a
questionnaire to record MI cases. A total of 34 MI cases were reported by 23 participants
(34.3%), with the majority affecting the lower limbs. Eight individuals reported at least two
retrospective MI cases. Additionally, G2 demonstrated higher muscle power, greater flexibility,
and improved sensorimotor stability. Face-to-face training conditions were associated with at
least a tenfold increase in the likelihood of MI. Weekly training time (exposure) was linked to a
~9% increase in lower limb MI, while factors such as age, dynamic balance, and training were
directly associated with MI occurring during floor exercises.In conclusion, although regular
face-to-face training was linked to enhanced motor performance, it was also associated with a
higher prevalence of MI, particularly in the lower limbs. Floor exercises were the primary
circumstances under which injuries occurred.

Keywords: gymnastics; training setting; COVID-19; performance; sports injuries.

INTRODUCTION

Artistic gymnastics (AG) requires a level competition (Myer et al., 2016).
combination of artistic expression with Women's artistic gymnastics includes floor
physical and  biomechanical  effort exercise, uneven bars, balance beam, and
(Gasparetto et al., 2022; Moeskops et al., vault, while men's includes floor exercise,
2019). Gymnastics, in general, has the parallel bars, rings, pommel horse,
youngest average age of single-sport horizontal bar, and vault. These exercises are
specialization at 8.9 years and is one of the brief but high-intensity, consisting of
few sports where early specialization has gymnastics elements—complex movements
been associated with higher rates of elite- that involve extreme ranges of motion and
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generate high forces (Desai et al., 2019;
Gasparetto et al., 2022; Hernandez-Beltran
etal., 2023).

Challenging AG elements require
substantial strength, power, flexibility, and
agility, all performed on various apparatuses
(Campbell et al., 2019; Gasparetto et al.,
2022; Moeskops et al., 2019). Enhancing
AG performance is typically linked to
significant overloads, often sustained
through repetitive training and competition
exposure. Athletes may train between 16 and
40 hours per week, enduring a combination
of these physical demands (Buckner et al.,
2017; Moeskops et al., 2019; Sastre-Munar
et al., 2022). Importantly, a combination of
high training volumes and inadequate
recovery intervals can  compromise
performance and is a potential contributor to
the onset of sports-related musculoskeletal
injuries (MI) (Boullosa et al., 2020;
Campbell et al., 2019).

Musculoskeletal injuries (MI) have
multiple adverse effects on athletic
performance, including training
interruptions, detraining, and significant
medical costs (Hart et al., 2018; Ling et al.,
2020). A review of injuries in gymnastics
found that athletes are at higher risk of injury
at more competitive levels, with increased
training hours, and particularly if they
participate in artistic gymnastics (Atikovi¢ et
al., 2017; Sastre-Munar et al., 2022; Thomas
& Thomas, 2019). MI incidence and
prevalence are notably high among
gymnasts, with 0.3 to 3.6 injury cases per
athlete (Campbell et al., 2019). Younger age
and participation in competitive settings
have been linked to a higher injury risk
(Tisano et al., 2022).

From an etiological perspective, Ml
results from complex interactions between
external conditions and both modifiable and
non-modifiable intrinsic  risk  factors
(Boullosa et al.,, 2020; Kalkhoven et al.,
2020). Additionally, a primary injury may
impact motor performance, increasing the
likelihood of recurrence or exacerbation of
MI (Campbell et al., 2019; Nunes et al.,
2021).

In this context, COVID-19 lockdowns
negatively impacted training practices,
affecting training frequency, duration,
intensity, technique, recovery, and other
fitness and coaching-related aspects across
multiple sports modalities (Washif et al.,
2022). Many  athletes  experienced
significant reductions in training frequency
and time spent on various training-related
activities during remote training sessions,
leading to notable disruptions in training and
performance (Jagim et al., 2020; Patel et al.,
2022). Moreover, remote and unsupervised
training activities may be associated with a
higher risk of sports injuries due to
inadequate supervision and compromised
training environments (Bobo-Arce et al.,
2021; Pillay et al., 2020). However, these
issues have been insufficiently investigated
in  epidemiological studies involving
gymnasts.

The current investigation aimed to
analyze the association between different
training  routines and  performance
parameters, as well as the prevalence of Ml
in young gymnasts following the onset of the
COVID-19 pandemic. Additional objectives
included characterizing sports injuries and
exploring potential associations between Ml
occurrence and performance measures.
Understanding the prevalence of injuries in
artistic gymnastics is crucial for developing
effective  prevention  strategies. By
identifying intrinsic and extrinsic factors
associated with MI, this study seeks to
inform coaches, athletes, and healthcare
professionals about targeted interventions to
reduce injury rates and enhance athlete
safety.

METHODS

The current investigation is a
descriptive study based on a cross-sectional
design. A convenience sample was drawn
from gymnasts aged 8 to 18 years,
representing two artistic gymnastics (AG)
teams from Campo Grande, MS, Brazil. To
be included, participants were required to
have engaged in uninterrupted sports
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training for at least 30 days. Exclusion
criteria included reporting a musculoskeletal
injury at the time of the initial assessment,
using medication for inflammatory
processes or infections, and having known
metabolic or cardiorespiratory diseases that
disrupted AG training.

In total, 67 gymnasts from two AG
training sites in Campo Grande participated
in the study. Participants were divided into
two groups (G) based on their training
conditions: G1, consisting of gymnasts in
remote training, and G2, comprising
gymnasts in face-to-face training.

In terms of ethical considerations, the
study adhered to the principles of the
Declaration of Helsinki and the Nuremberg
Code, as well as the research standards
involving human subjects established by the
National Health Council (CNS/Brazil).
Participants, along with their parents and/or
legal guardians, were provided with verbal
and written information about the study
before giving their consent by signing the
informed consent forms. The research
protocol was approved by the local ethics

committee  (Protocol  5.013.655/2021;
CAAE 33562220.6.0000.0021).

After the initial approach, each
participant completed a questionnaire
providing descriptive information on

individual characteristics, competitive level
and category, retrospective training history,
daily and weekly exposure to AG training,
and participation in regular competitions.
For anthropometric characterization,
body weight was measured using a
mechanical scale (Welmy R-110, SP-BR).
Height, both standing and sitting, was
measured using a portable stadiometer
(Personal Caprice Sanny Stadiometer, SP-
BR) with participants in an anatomical
reference position and the head aligned in
the Frankfurt plane (Bacciotti et al., 2018).
Body weight and height were used to
calculate body mass index (BMI; mass(kg) +~
heighttm)*2) (Malina et al., 2013).
Additionally, triceps and subscapular
skinfolds were measured to estimate body
composition. Body fat percentage (%F) was

determined using an equation developed for
children and adolescents (Slaughter et al.,
1988).

Somatic maturation was assessed using
a maturational offset, which estimates the
time (in years) remaining to reach peak
height velocity (PHV) (Mirwald et al.,
2002).

Regarding physical-motor  aspects,
flexibility was assessed using the sit-and-
reach test (Wells & Dillon, 1952). The
Sargent Jump Test was employed to evaluate
lower limb performance (Sargent, 1921),
while upper limb performance was assessed
by throwing a medicine ball (Cronin &
Owen, 2004). Additionally, the Star
Excursion Balance Test (SEBT) was used to
evaluate dynamic balance (Robinson &
Gribble, 2008). Postural balance was
assessed with a force plate equipped with a
500 mm platform, four load cells, and a 100
Hz calibration system (BIOMEC 400 V4,
EMG System®) (Scarmagnan et al., 2021).
Participants performed the tests on both
bipedal and unipedal supports and were
instructed to maintain their position on the
plate for 30 seconds, following previous
protocols (Paterno et al., 2004; Scarmagnan
etal., 2021).

Musculoskeletal injury (MI) cases were
reported using a self-reported morbidity
survey (Hoshi et al., 2008; Silveira et al.,
2013). In this study, an MI case was defined
as any physical complaint resulting from
training and/or competition that prevented
participation for at least one day, regardless
of the need for medical care, as defined in
previous studies (Kolt & Kirkby, 1999;
Vanderlei et al.,, 2013). The morbidity
survey gathered information on individual
characteristics such as gender, duration of
training, and details about past MI cases.
Information on sports injuries included the
affected anatomical site, injury mechanism,
circumstances of onset, severity, time to
return to normal training, and recurrence.
Anatomical sites were categorized as
head/neck, trunk, and upper or lower limbs.
The injury mechanism was described based
on the participant's perception of the contact
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or action that triggered the acute episode
and/or the activity in which the symptoms
were aggravated. The circumstance of injury
onset was classified according to whether it
occurred during training or competition
(Vanderlei et al., 2013). MI recurrence was
defined as present when a participant
reported two or more retrospective M1 cases.

Data normality assumptions were tested
using the Kolmogorov-Smirnov test for
quantitative variables. The Student’s t-test
was used to compare parametric results
between groups, while the Mann-Whitney
test was applied for non-parametric results.
Gender and  musculoskeletal  injury
prevalence by group were analyzed using the
Chi-square test (¥?). An aggregated z-Score,
derived from individual z-scores of five
variables, was used to describe postural
balance results. Since these variables
followed a normal distribution, they were
analyzed using two-way repeated measures
analysis of variance (Two-Way RM
ANOVA) with Bonferroni’s correction. The
Z-test was employed to compare proportions
regarding musculoskeletal injury prevalence
by anatomical site, onset circumstance,
mechanism, and number of cases. Backward
stepwise logistic regression models were
used to evaluate the association between
potential variables and four different sports
injury outcomes. The predictive accuracy
and performance of the logistic regression
models were assessed using the area under
the Receiver Operating Characteristic Curve
(ROC curve). All statistical analyses were
conducted with a significance level set at
p<0.05.

RESULTS

Table 1 presents comparative results
regarding general characteristics based on
training schedule, with groups categorized
as remote (G1) and face-to-face (G2). Both

groups were similar in terms of age,
anthropometric characteristics, and training
experience. Weekly training exposure was
higher in G2 compared to G1 (p<0.001).
Although females were more prevalent in
both groups, the remote training group had a
higher proportion of males compared to the
face-to-face training group (p<0.05).
Regarding musculoskeletal injuries, a total
of 34 MI cases were reported by 23
participants, resulting in a prevalence of
34.3%. G2 exhibited a higher prevalence of
MI (p=0.006) and a greater number of injury
cases than G1.

Next, figures 1A and 1B show the upper
limb power and lower limb power values,
respectively. While the upper limb power
values were similar between groups, lower
limb power was higher in G2 (p=0.023).

Figure 2 shows muscle flexibility and
dynamic balance scores. For flexibility, G2
demonstrated higher scores compared to G1
(Figure 2A). However, there were no
statistically ~ significant differences in
dynamic balance scores between or within
the groups (Figure 2B).

Table 2 presents postural balance
results by lower limb side. Within each
group (side’s effect), both lower limb sides
showed similar performance scores across
all measurements (p>0.05). In intergroup
comparisons, G2 participants exhibited
lower sways, speeds, and areas compared to
G1 on both sides.

Table 3 provides information on the
characterization and  prevalence  of
musculoskeletal  injury  (MI)  cases.
Descriptively, lower limb regions were the
most common anatomical sites for M1 onset,
with a single MI case being the most
frequently reported (p>0.05). Conversely,
exercises on the floor were the primary
circumstance associated with MI onset
(p<0.01).
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Table 1

General characteristics in accordance with group (n=67)

Variable p-value
Gl G2
Age (years)? 109 +2.1 103 +£2.1 0.339
Height (cm) 2 144.1+134 140.2 £12.7 0.250
Body weight (kg) 35.5(29.0-41.0) 37.0 (29.0-42.5) 0.800
BMI (kg/m?) ® 17.3 (16.1 - 18.3) 18.2 (16.6 — 20.3) 0.054
Body adiposity (%) ° 13.2 (10.1 - 18.6) 15.3 (10.4 — 20.5) 0.526
Maturation 2 12.95 +0.66 12.69 + 0.74 0.168
Training practice (years)® 2.0(2.0-4.0) 3.0(1.8-43) 0.428
Week training time (h) 2.0(2.0-2.0) 6.0 (5.0-9.0) <0.001 *
Gender
Female 12 (54.5%) 37 (82.2%) 0.035*
Male 10 (45.5%) 8 (17.8%)
MI prevalence
No 20 (90.9%) 24 (53.3%) 0.006 *
Yes 2 (9.1%) 21 (46.7%)
Participants (n) 22 (32.8%) 45 (67.2%) :
MI cases 2 (5,9%) 32 (94,1%) }
Injury/gymnast 0.09 0.71
Injury/injured gymnast 1.0 1.52 i}

BMI, body mass index; MI, musculoskeletal injuries; G1, participants in remote training; G2,
participants in face-to-face training. # Quantitative variables presented in mean + SD and analyzed
using Student t-test; ® quantitative variables presented in median and interquartile interval and analyzed
using Mann-Whitney test. Gender and M1 prevalence analyzed with Chi-square test. * p<0.05.

Table 2
Postural balance analysis according to group and lower limb side
Variable  Group Lower Limb (Side) p-value
Dominant Non-Dominant Group Side  Interaction
AP Sway G1 4.58 +1.42 531+2.14%  go10x 0106 0.050 +
(cm) G2  3.55+213% 3.50 +£2.00 *
ML Sway Gl 3.35+£0.66 424 +£390 0.011*  0.097 0.240
(cm) G2  2.55+1.38 2.60 + 1.44
Area(cm?) Gl 10.11+5386 10.28+4.65  _5001* 1000  1.000
G2 7.13+5.49 7.31+£5.09
APISpeed Gl  4.19+1.15 430£140  (o13% 0532 0.845
(cm/s) G2  3.29+2.00 3.29+1.91
MLI Speed Gl 421+1.15 433+1.28 0.020*  0.580 0.566
(cm/s) G2  3.40+191 3.41 +1.88

AP, anteroposterior; ML, mediolateral; APl Speed, anteroposterior imbalance speed; MLI Speed,
mediolateral imbalance speed. Results expressed in mean + standard deviation; * p<0.05, group’s effect;
#p<0.05, lower limb side effect; T p<0.05, interaction’s effect. Two-Way RM ANOVA and Bonferroni’s
test.
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Figure 1. (A) Mean and standard deviation of upper limbs reaching performance, according to
group; G1, participants in remote training; G2, participants in face-to-face training; Student-t test
(p>0.05). (B) Descriptive measures of lower limbs performance; * p<0.05 vs. G1; Mann-Whitney
test.
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Figure 2. (A) Descriptive measures of muscle flexibility according to group; G1,
participants in remote training; G2, participants in face-to-face training; * p<0.05 vs. G1;
Mann-Whitney test. (B) Mean and standard deviation of dynamic balance according to
group and lower limb side (p>0.05); Two-way RM ANOVA and Bonferroni’s test.

Table 3
Musculoskeletal injuries prevalence according to anatomical site, onset circumstance,
mechanism, and number of cases

. Prevalence
Variables Absolute (n) Relative (%) p-value
Anatomical site
Lower limbs 20 58.8%
Other 14 41.2% 0.508
Total (cases) 34
Onset circumstance
Floor exercises 28 82.4% -
Other 6 17.6% 0.007
Total (cases) 34
Number of MI cases
1 retrospective case 15 65.2% 0.340
2-3 retrospective cases 8 34.8% '
Total (participants) 23

Z-test comparison of proportions; * p<0.05.
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Based on associated characteristics and
MI records, Table 4 presents numerical data
related to probability models for four
different outcomes: retrospective MI onset,
MI in lower limbs, MI from floor exercises,
and M1 recurrence.

Firstly, the time of practice, dynamic
balance (non-dominant lower limb), and
training condition (face-to-face) were
directly associated with the chances of Ml
onset. Conversely, SEBT (dominant lower
limb) was negatively associated with MI
risk, showing a 25% increased chance of Ml
onset. Face-to-face training conditions were
associated with at least a 10-fold increase in
Ml onset risk. The ROC curve for this model

Table 4

showed an AUC value of 0.897, with an
optimal  cut-off value of 0.351,
corresponding to a specificity of 0.795 and a
sensitivity of 0.913 (Figure 3A).

For MI cases in lower limbs, time of
practice (experience) and flexibility were
directly associated with an increased risk of
MI onset in lower limb sites. Increases in
these variables were linked to a higher risk
of MI among gymnasts. Dynamic balance
(dominant lower limb) was associated with
an 8.7% increased risk of lower limb MI
onset. The ROC curve for this model had an
AUC value of 0.836, with an optimal cut-off
value of 0.231, resulting in a specificity of
0.740 and a sensitivity of 0.882 (Figure 3B).

Model of probability to musculoskeletal sports injury (MI) onset prediction

Outcome Variable Coefficient SE p-value OR Cl (95%)

. Constant -0.71 2.07 0.73

= Time of practice (years) 0.72 0.25 <0.01 2.05 1.32-3.53

«  SEBT (dominant) -0.23 0.08 <0.01 0.80 0.66 — 0.90

E% SEBT (non-dominant) 0.18 0.07 0.01 1.20 1.08 - 1.42
Training (face-to-face) 2.33 1.00 0.02 10.25 1.78-101.89

., constant -0.99 2.26 0.66

% Time of practice (years) 0.36 0.18 0.05 1.43 1.02-2.14

= SEBT (dominant) -0.08 0.03 <0.01 0.92 0.86 —0.97
Flexibility 0.15 0.06 0.01 1.16 1.04 -1.33

_ Constant -0.04 211 0.99

% Age category 0.76 0.26 <0.01 2.15 1.37-3.82

% SEBT (dominant) -0.22 0.07 <0.01 0.81 0.68 -0.91

§ SEBT (non-dominant) 0.16 0.06 001 117  1.06-1.35
Training (face-to-face) 2.59 1.04 0.01 13.27 2.19 - 149.82

g Constant -8.66 3.31 0.01

x Flexibility 0.17 0.08 0.03 1.19 1.01-1.39

SE, standard error; OR, odds ratio; CI, confidence interval; SEBT, star excursion balance test; Training
condition: 0, remote; 1, face-to-face; LL cases, lower limbs MI cases; WTT, week training time; Rec., Ml

recurrence.

Age, dynamic balance (non-dominant
lower limb), and training condition were
directly associated with sports injuries
resulting from floor exercises. Face-to-face
training conditions were linked to
approximately a 13-fold increase in the risk

of MI onset from floor exercises. A
reduction in dynamic balance of the
dominant leg was associated with a 23.4%
increased risk of MI onset during floor
exercises. The ROC curve for this model had
an AUC value of 0.895, with an optimal cut-
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off value of 0.285, resulting in a specificity
of 0.759 and a sensitivity of 0.909 (Figure
3C).

The MI recurrence prediction model
indicated that flexibility was directly
associated with increased chances of MI
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recurrence (p=0.03). The ROC curve for this
model showed an AUC of 0.770 and an
optimal cut-off value of 0.111, with
specificity and sensitivity values of 0.627
and 0.875, respectively (Figure 3D).

1.0

0231 (0.740, 0.882)

08
1

06

AUC: 0.836

04

0.2
I

00
1

T T T T T T
08 06 04 02 00

Specificity

1.0

0111 (0.627, 0.875)

06

AUC:0.770

04

00
1

T T T T T T
08 06 04 02 00

Specificity

Figure 3. ROC curve for the (A) sports injury onset; (B) lower limb sports injury; (C)
sports injury associated with floor exercises; and (D) sports injury recurrence. AUC,
area under curve obtained from respective sensitivity and specificity values.

DISCUSSION

This study aimed to analyze the
association between different training
routines and performance parameters, as
well as the prevalence of musculoskeletal
injuries (MI) in young gymnasts following

the onset of the COVID-19 pandemic. The
initial hypothesis posited that remote
training schedules were associated with
lower performance levels and a higher
prevalence of sports injuries in gymnasts.
The COVID-19 pandemic led to
significant adaptive changes in training
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schedules and routines. Specifically, face-to-
face training was associated with
improvements in performance, including
greater muscle power, flexibility, and
postural stability, compared to remote
training. These findings not only support the
initial hypothesis but also confirm that
COVID-19 lockdowns had a detrimental
impact on training practices and coaching-
related aspects. Remote training schedules
were linked to reduced training exposure and
overload, which contributed to a significant
decline in performance, as supported by
previous evidence (Jagim et al., 2020; Patel
et al., 2022; Washif et al., 2022).

Regular AG training is associated with
improvements in power, speed, balance, and
muscle flexibility, as demonstrated by the
results from the G2 subjects. Muscle
flexibility development, in particular, is a
common outcome of AG training, linked to
a greater range of motion and enhanced
muscle power (Moeskops et al., 2019; Root
etal., 2019). Limaetal. (2019) compared the
effects of two stretching interventions, non-
periodized versus periodized, on gymnasts’
motor skills and found that periodized
training significantly increased muscle
flexibility and performance scores.

Regarding postural balance, gymnastics
experience may enhance proprioceptive
balance in young athletes (Busquets et al.,
2018). A systematic review with meta-
analysis by Gebel et al. (2018) assessed the
effects of balance training (static vs.
dynamic interventions) on measures of static
and dynamic balance in healthy children and
adolescents. The review concluded that
regular balance training improves balance
performance with moderate to large effects
on both static and dynamic balance,
regardless of age, sex, training status,
setting, and testing method. Our balance
results (Table 2) align with this background,
showing that higher training scores (G2)
were associated with improved performance
and static balance control.

Advanced motor skill levels are
important for enhancing physical, social, and
psychological characteristics in children and

adolescents (Kirialanis et al., 2015).
However, results from the star excursion
balance test indicate that different AG
training conditions did not lead to specific
changes in dynamic balance biomechanical
adaptations. The imprecise control of
workload during the retrospective period
may have contributed to the lack of
substantial impact on dynamic balance.

Regarding  the  prevalence  of
musculoskeletal injuries, a total of 23
participants (34.3%) reported at least one
case of retrospective sports injury during the
training period following the COVID-19
pandemic onset (2020 to 2021). Face-to-face
training routines were associated with
increased exposure to training overloads,
which may constitute an extrinsic factor
related to the onset of sports injuries
(Boullosa et al., 2020; Root et al., 2019).
Other studies have reported similar training
characteristics between uninjured and
injured competitive participants (Hoshi et
al., 2008).

Our investigation involved a high
number of young participants classified as
competitive and "non-elite," according to
previous definitions (Ling et al., 2020).
These gymnasts are generally exposed to
greater demands in learning training
elements and developing basic physical
abilities. Consequently, a focus on lower
limb exercises, as opposed to upper limb
exercises, is common in these situations
(Sarabon & Cekli¢, 2021), which may be
associated with various biomechanical
effects.

Historically, previous MIls have been
known to impact dynamic balance, with
lower limb injuries in AG becoming
increasingly prevalent (Dallas et al., 2017;
Kirialanis et al., 2015). Lower limb sites
were the most commonly reported locations
for M1 in this study, often accompanied by
residual symptoms such as pain, impaired
proprioception, and reduced neuromuscular
control (Dallas & Dallas, 2016). Research
has shown that differences in performance
between lower limb sides can increase the
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probability of sports injuries (Plisky et al.,
2006).

In this study, logistic regression models
indicated that reduced dynamic balance in
the non-dominant lower limb was associated
with a higher likelihood of M1 onset, both in
general and specifically from floor
exercises. The ROC curves for these models
demonstrated satisfactory ~ predictive
performance. These findings suggest that
non-dominant limbs play a crucial role in
maintaining functional stability. However,
the observed differences in dynamic balance
measures were minimal and may not
significantly impact the results of the Star
Excursion Balance Test (SEBT).

Besides biomechanical factors, face-to-
face training conditions and time of practice
were the main characteristics associated with
the onset of MIs)(Table 4). Understanding
the potential causes of sports injuries
requires a multifactorial approach that
considers the interactions among various
conditions and both modifiable and non-
modifiable risk factors (Bahr & Krosshaug,
2005).

The COVID-19 pandemic led to
varying levels of mobility restrictions,
interrupting face-to-face training across
multiple sports modalities and replacing it
with remote activities. These remote
activities were often marked by inadequate
monitoring and load management, as well as
lower adherence (Wang et al., 2021). The
reduced and less specific stimuli from these
remote training sessions could impair
performance development and conditioning,
increasing the risk of injury due to the
accumulation  of  workload  during
subsequent sports activities (Boullosa et al.,
2020). The progressive return to regular
face-to-face training, coupled with a denser
competitive calendar in 2021, likely
contributed to a higher odds ratio for Ml
onset.

The training schedule was directly
associated with the onset of lower limb
injuries and cases derived from floor
exercises (Table 4). These associations were
supported by high sensitivity and specificity

in the ROC curve analyses (Figure 3). Face-
to-face training activities often involve
repetitive practices and overloads, with
significant demands on the lower limbs due
to floor movements. Other studies have
identified floor exercises as a primary
context for Ml onset in AG athletes, linked
to increased exposure and overload during
floor training (Campbell et al., 2019).

Floor exercises involve high-impact
activities, particularly during the landing
phase of jumps, which is when many
gymnastics injuries occur (Kirialanis et al.,
2015). Training at an advanced competitive
level and performing in competitions
exacerbate the risks associated with floor
exercises  (Campbell et al., 2019).
Additionally, flexibility —was directly
associated with lower limb injuries and the
recurrence of Mls. Flexibility improvements
are commonly achieved through regular AG
training, and extended practice time
promotes this adaptation (Mkaouer et al.,
2018). However, from a biomechanical
perspective, increased training volume
during face-to-face activities may enhance
movement specificity but also result in
greater flexibility. Over time, this can
negatively affect muscle strength and power,
potentially leading to injury onset and
recurrence of Mls (Sweeney et al., 2019).

Understanding musculoskeletal injuries
and their associated factors is crucial for
developing effective preventive and
rehabilitation strategies in sports. The
findings of this study are valuable for
athletes, coaches, physiotherapists, and
parents concerned with the performance and
health of young athletes. Previous research
has highlighted differences in workload
management between individual and team
sports, suggesting that individualized
periodization in team sports can improve
fitness-fatigue balance, reduce injury risk,
and enhance performance (Boullosa et al.,
2020).

In this context, the results of the current
study underscore the importance of
workload management in artistic
gymnastics—not only for injury prevention
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but also for performance monitoring. This
has practical implications for training
regimens. However, a limitation of this
study is the potential for high recall bias
regarding the occurrence and characteristics
of injuries, as reported by adolescents
(Vanderlei et al., 2017). Future studies with
a prospective follow-up design are more
likely to identify causal relationships and

better understand the onset of
musculoskeletal injuries.
CONCLUSION

In conclusion, while face-to-face

training regular routine was associated with
greater performance, it resulted in higher Ml
prevalence. Lower limbs were the main
injured anatomical sites, and exercises on the
floor constituted the main circumstances for
injury onset.
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