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Background: Static balance performance appears to detect differences between roles played in team sports. Static
balance can also be influenced by the subject’s height and age, and the type of test used.
Research question: Could the static balance profile show differences among the role played depending on the

;\lgae ers' position specific test evaluated and the gymnasts’ age?
Gyr};nast?cs Methods: A cross-sectional design was applied. 46 acrobatic gymnasts (37 females and 9 males) were divided in

four groups according to role (base or top gymnast) and stage of adolescence (early adolescent or mid-
adolescent) during two different static tests: (1) unipedal with open and closed eyes (generic), and (2) head-
stand (specific). To test the effect of the role and the age group, a two-way analysis of variance (ANOVA) between
groups was performed. Centre of pressure (COP) measurements were obtained and normalised relative to par-
ticipants height, including length travelled on the anteroposterior and mediolateral axis (AP_CoP and ML_CoP)
and the mean speed (SP_CoP).

Results: Base gymnasts obtained lower values in the CoP excursion than Top gymnasts but only in unipedal tests
for all the variables analysed (5.536 > Fj 4o < 10.589, 0.002 > p < 0.023), except for the AP_CoP in unipedal-
closed. Mid-adolescent gymnasts obtained lower values in the CoP excursion regardless of the task than early
adolescent (5.324 > F; 43 < 14.805, 0.000 > p < 0.026).

Significance: It has been observed a clear effect of age on the static balance manifested in acrobatic gymnastics,
regardless of the subject’s height, the role played, and the test performed. The effect of the role played in this
team sport has been different depending on the type of test performed.

1. Introduction different heights of the players [6]. To avoid data being biased because

of anthropometric characteristics, Agostini et al. [7] normalised the data

The acute control of posture can be associated with the sports per-
formance [1]. There is evidence that athletes at all ages, regardless of the
practiced sport, generally showed higher postural stability when
compared with non-athletes [2]. Differences in balance ability have also
been observed between sports. These differences may be due to the
specific demands and type of balance required of each sport [3].

The balance test has been shown to be sensitive enough to detect
subtle differences between athletes with different roles in team sports,
like a handball [4] or soccer [5]. However, studies analysing the dif-
ference between different roles in the sports team are limited, with the
reported results not being clear due to the possible influence of the
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with respect to height when analysing postural sway of volleyball
players with different role. Additional research that control height are
necessary to know the effect of the role on balance, especially when
evaluating subjects with disparate heights [1,3]

Age could be another factor considered to analyse the postural
control. During natural bipedal stance with the eyes open, many studies
in healthy children reported a decrease in postural sway with increasing
age, with conflicting results on the (non-)linearity of its development
[8]. The review study noted that it remains unclear between which age
groups differences are found [8], although there is evidence of an
improvement in the maintenance of static positions with maturation. In

E-mail addresses: lagomrod@upo.es (L.A. Gomez-Landero), pdelojo@centrosanisidoro.es (P. Leal del Ojo), cwal05@gmail.com (C. Walker), pfloriam@upo.es

(P. Floria).

https://doi.org/10.1016/j.gaitpost.2021.07.023

Received 29 April 2021; Received in revised form 8 July 2021; Accepted 28 July 2021

Available online 31 July 2021

0966-6362/© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:lagomrod@upo.es
mailto:pdelojo@centrosanisidoro.es
mailto:cwal05@gmail.com
mailto:pfloriam@upo.es
www.sciencedirect.com/science/journal/09666362
https://www.elsevier.com/locate/gaitpost
https://doi.org/10.1016/j.gaitpost.2021.07.023
https://doi.org/10.1016/j.gaitpost.2021.07.023
https://doi.org/10.1016/j.gaitpost.2021.07.023
http://crossmark.crossref.org/dialog/?doi=10.1016/j.gaitpost.2021.07.023&domain=pdf
http://creativecommons.org/licenses/by/4.0/

L.A. Gomez-Landero et al.

Table 1
Physical characteristics of the participants (mean values + SD).

Early adolescent Mid-adolescent

Base (n = 6) Top (n =18) Base (n = 17) Top (n =5)
Height (cm) 148.22+7.56 137.56+6.89 161.36+9.98 155.08+6.57
Weight (kg) 40.25+6.57 31.13+4.58 57.27+12.45 43.77+3.87
Age (years) 11.83+0.41 10.89+0.83 15.65+1.5 13.840.84

other balance tests, specific to gymnastic sports, older gymnasts also
showed a better ability to control body position in the handstand [9,10].

The static balance performance may also differ depending on the
type of test used for its evaluation. The ability to maintain a static bal-
ance during sport specific tasks appears to be unrelated to the results
manifested on non-specific tasks [1,11]. The sport specific balance task
seems to be more selective in representing the athlete’s level [12,13].
Therefore, the specificity of the test could differentiate the balance ca-
pacity according to the role played within the team, however there is a
lack of knowledge on this issue.

The ability to hold very different static positions, both inverted and
standing, is especially characteristic in Acrobatic Gymnastics [14,15]. In
this team sport, gymnasts perform individual static postures (held for
two seconds) and compulsory static group positions (called pyramids,
held for three seconds) with the top partner in different positions above
the other gymnast. Two roles are distinguished during the formation of
pyramids; one gymnast on the base (base gymnast) while supporting
their partner on the top (top gymnast) [14]. Some studies have analysed
static balance during the execution of pyramids [15,16], but the effect of
the role played on individual balance is still unknown.

Following research reviewed, doubts arise about the effect of the role
played on the static balance performance. An investigation considering
sport-specific tasks, the age, and the height of the subjects, would allow
progress in knowledge about the effect of the role on balance
performance.

The purpose of the current study was to examine the effect of role
played and age with different static tests in young acrobatic gymnasts.
We hypothesized that (1) the static balance profile would show signifi-
cant differences among the role of acrobatic gymnast depending on the
balance test conducted, (2) the more aged gymnasts would display
better static balance both in standing and inverted postures.
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2. Methods
2.1. Participants

Forty-six acrobatic gymnasts (consisting of 37 females and 9 males)
were recruited. All participants were in the 10-18 age category (junior
category in the Royal Spanish Gymnastics Federation regulations) and
had a minimum of two years of experience in national competitions.
Participants were divided into four groups according to role (base or top
gymnast) and stage of adolescence (early adolescent, 10-13 years; mid-
adolescent, >13-18 years): Early Base (n = 6), Early Top (n = 18), Mid-
Base (n = 17), Mid-Top (n = 5). The characteristics of the participants
are described in Table 1. All participants were free from any musculo-
skeletal injury that may have interfered with their ability to perform the
selected balance tasks. The study had ethical approval from the local
University Research Ethics Committee. All adult participants and par-
ents/guardians of children participants signed informed consent forms
before participating in the study.

2.2. Testing protocol

Each gymnast was instructed to perform two different static postures
on the regular surface of a single force platform (AMTI AccuPower,
Watertown, MA, USA). An inverted position (specific test) and non-
inverted position (generic test). The generic test selected was unipedal
stance on the preferred leg (Fig. 1 -A-), and was performed under two
visual conditions, open and closed eyes (unipedal-open, unipedal-
closed), maintained for 30 s; during the unipedal-open test subjects
were instructed to direct their focus forward at a fixed point. The specific
test was a headstand held for 7 s. It is a specific posture in Acrobatic
Gymnastics both in base and top gymnasts; gymnast executes an
inverted position supported exclusively by the hands and the head with
bent elbows, while the gymnast tries to keep the body in full extension
(Fig. 1 -B-). An assistant was monitoring the execution, but no assistance
was needed in any case.

Before data collection, the participants carried out their usual gen-
eral warm-up, as well as the specific warm up for the execution of the
headstand. Since all subjects regularly performed these kinds of postures
in their daily training, only a brief five-minute practice was needed to
ensure the participants could complete the tasks comfortably and

Fig. 1. Images of the balance test: unipedal (A), headstand (B).
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Correlation coefficients in each principal
component obtained

Initial measures Unip.Open Unip.Closed Headstand

FxRange 911 825 925

FxSD 903 .848 925

FyRange 936 905 919

FySD 901 931 928 Measures finally
CoPxRange 741 .890 937 selected
CoPxRangeSD .833 912 .946 CoPxLength
CoPyRange I:> 914 929 958 CoPyLength
CoPyRangeSD 871 949 .956 CoPSpeedMean
CoPxLength 952 961 .948

CoPyLength 944 951 .959

CoPxVelSD 952 928 .967

CoPyVelSD 945 939 .965

CoPSpeedMean 961 966 978

CoPSpeedSD .904 913 .948

% Variance explained 82.20% 84.34% 89.73%

Fig. 2. CoP parameters selected by principal components analysis with the variable-factor correlation coefficients among the 3 balance tests.

without risk in a satisfactory level before executing the static postures on
the force platform.

The current study chose to use the centre of pressure (CoP) excursion
as it is one of the most utilised biomechanical variables to assess postural
control [17]. Three trials for each static posture were registered for each
participant, at a sample frequency of 200 Hz, with at least 2 min rest
allowed between attempts. The trials were presented in random order.
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2.3. Data analysis

Given the differences in the height of both groups, all CoP mea-
surements were normalised relative to participants’ height. Normalising
balance scores relative to body height is recommended when comparing
groups with notable stature differences [18].

Choosing the appropriate measures in the CoP excursion analysis for
the specific requirements of each study is often a problem [19], thus 14
CoP and horizontal force measures were initially obtained, both in the
mediolateral (ml) and anteroposterior (ap) axis: range of force applied in

-
o
,

.

-
IS
T

13 .

12l partial p2= 0.174

-
L

partial p2= 0.258

o -
© o
T

Medio-lateral length CoP (BH)
o
®

e
3
T
.
.

06 1 I

partial p2= 0.199

Top

L

Top

Fig. 3. Unipedal-open eyes test. Individual values and mean of centre of pressure antero-posterior length (top-left), medio-lateral length (top-right), speed mean
(bottom), obtained for the 2 roles (Base and Top gymnasts), and the 2 age groups (early and mid-adolescent). CoP measurements normalised relative to body height

(BH). * = p < 0.05 between age groups; () = p < 0.05 between roles.
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Fig. 4. Unipedal-closed eyes test. Individual values and mean of centre of pressure antero-posterior length (top-left), medio-lateral length (top-right), speed mean
(bottom), obtained for the 2 roles (Base and Top gymnasts), and the 2 age groups (early and mid-adolescent). CoP measurements normalised relative to body height

(BH). * = p < 0.05 between age groups; {) = p < 0.05 between roles.

the ap-axis (FapRange), standard deviation of applied force in ap-axis
(FapSD), FmlRange, FmlSD, range of CoP location in ap-axis (CoPap-
Range), CoPapSD, total distance of CoP moves in the ap-axis (CoPa-
pLength), CoPapRange, CoPmISD, CoPmlLength, standard deviation of
CoP velocity in ap-axis (CoPapVelSD), CoPmlVelSD, CoPSpeedMean,
CoPSpeedSD. Finally, after a principal component analysis, 3 variables
were selected: the total length travelled by the CoP on the ante-
roposterior and mediolateral axis (AP_CoP and ML_CoP) and the mean
speed of the CoP (SP_CoP), defined as the total length of the CoP
displacement divided by the duration of the trial. These CoP measures
are among the most widely used and recommended [20].

2.4. Statistical analyses

Statistical analyses were conducted using SPSS version 22.0 (IBM,
Armonk, NY, USA). To simplify the analysis and select the most relevant
measures, a principal component analysis, correlation analysis and
theoretical assessment were performed [19]. All successful trials under
three conditions, unipedal open eyes (UOE), unipedal closed eyes (UCE)
and headstand were included to analyse. After this process, all the initial
measures were reduced to three. To verify the PCA conditions of
application the Kaiser-Meyer-Olkin test (KMO), anti-image matrix of
correlation coefficients, and Bartlett sphericity test were analysed. A
principal component was identified with an eigen-value greater than 1
for each balance test.

To test the effect of the role (base and top) and the effect of the age
group (early and mid-adolescent), for all balance test (headstand,
unipedal-open, unipedal-closed), a two-way analysis of variance
(ANOVA) between groups was performed (2 roles x 2 age groups).
Shapiro-Wilk and Levene’s tests were performed to check the normal
distribution and the homogeneity of variance, respectively. Eta-squared
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(nz) was calculated for effect size [21], and was interpreted as small (=
0.02), medium (= 0.25), and large (=~ 0.35). The significant alpha value
was set at 0.05 for all statistics. All graphs were performed with the
software MATLAB.

3. Results

In the principal component analysis, KMO test showed sample ade-
quacy with values > 0.822. All variables showed values > 0.6 in the
diagonal anti-image matrix, without problems of multicollinearity. The
null hypothesis in the Bartlett sphericity test was also rejected
(p < 0.01). Each principal component was identified with more than 80
% of total variance explained in all the cases. The measures with the
highest average variable-factor correlation coefficients among the 3
balance tests were the length of the CoP in x (anteroposterior) and y
(mediolateral), and the mean CoP speed mean (Fig. 2).

The effects of role and age on the CoP excursion in the generic
(unipedal-open, unipedal-closed) and specific test (headstand) are pre-
sented in Figs. 3-5 respectively.

The effect of age on static balance was significant in generic and
specific tests and for all measured variables (5.324 > F; 4 < 14.805,
0.000 > p < 0.026). Mid-adolescent gymnasts obtained lower values in
the CoP excursion. The highest effect sizes were medium-large (head-
stand partial n? = .261; unipedal-open p? = .258; unipedal-closed par-
tial n? = .239).

By contrast, the role effect on the CoP excursion was only significant
in generic tests for all the variables analysed (5.536 > F; 42 < 10.589,
0.002 > p < 0.023), except for the AP_CoP in unipedal-closed. Base
gymnasts obtained lower values in the CoP excursion. The highest effect
sizes were medium (unipedal-open partial r12 =.201, observed power-
= .889; unipedal-closed partial n? = .132).
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Fig. 5. Headstand test. Individual values and mean of centre of pressure antero-posterior length (top-left), medio-lateral length (top-right), speed mean (bottom),
obtained for the 2 roles (Base and Top gymnasts), and the 2 age groups (early and mid-adolescent). CoP measurements normalised relative to body height (BH).

* = p < 0.05 between age groups; ) = p < 0.05 between roles.

No interaction between role and age effects was observed in any case
(0.015 > Fj,42 < 2.354, 0.132 > p < 0.902).

4. Discussion

The primary aim of this study was to examine the effect of role (base
or top) and age (early or mid-adolescent) on static balance in acrobatic
gymnasts with different test (generic and specific). As hypothesized, our
results showed that the effect of the role affected performance in static
balance but was different depending on the test used. Base performed
better in unipedal static balance (generic test) than top, in both visual
conditions, while there were no differences between roles in headstand
(specific test). Moreover, mid-adolescent gymnasts had better postural
performance regardless of the task than early adolescent.

Our results have shown a clear effect of age on the static balance
capacity in the unipedal stance. Early adolescent gymnasts have poorer
performance with higher CoP displacements and speed means, regard-
less of the role played. A reduction of CoP sway and thus an improve-
ment of postural stability in mid-adolescent could indicate a refinement
of regulatory processes in the course of maturation [22]. Although
studies with a natural bipedal stance are more common [8,23], similar
results have also been reported in balance on one leg [24]. Considering
the influence of age observed on the unipedal test, it would be advisable
to consider analysing different age groups in future investigations when
evaluating the characteristic balance of the gymnasts.

Regarding the effect of age on the CoP excursion in the specific static
balance test, a significant influence also has been observed. The current
findings align with previous research that reported differences in the
postural sway in specific positions (e.g. handstand) when comparing
different age groups [9,10], with better results in the more aged gym-
nasts. To the extent that the base and top gymnasts in our sample are in
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the same competition category, middle adolescent gymnasts could have
more time of practice in the selected specific position. In this sense, the
relationship between greater sporting experience and greater perfor-
mance in specific static positions has been reported [25,26].

Our findings have shown a different static balance profile between
the evaluated roles depending on the test analysed. A significant dif-
ference was reported in the generic test with better postural perfor-
mance, with both eyes open and closed, in base versus top gymnasts.
Therefore, both visual conditions did not appear to influence the role
effect on the standing static balance. Nevertheless, differences were
more evident with normal visual conditions, with better static perfor-
mance in base gymnasts in the three CoP measures analysed. It has been
observed that disabling visual control during unipedal test results in an
increase in the CoP excursion in both directions and a higher mean CoP
speed; logical results taking into account the increased difficulty in the
task [27,28]. These differences between roles have not been due to the
disparate heights between bases and tops [29], due to the normalization
of the CoP outcomes with the height of the participants. Recently,
several studies have found evidence of the existence of specific balance
profiles based on the role played in the field [4,5]. However, the effect of
the role detected in both cases could be conditioned by the evident
differences in height between certain positions in the field [4,5]. Our
results showed a clear effect on static balance due to specialization ac-
cording to the role played, once the influence of height has been
controlled. These findings agree with the actions carried out by the base
gymnast; it may be because these athletes remain static standing for a
long duration, holding and balancing the top gymnast, while both jointly
performing static pyramids. These actions involve reducing the CoP’s
displacement to the maximum [15,16], balancing one’s own posture and
that of the partner. Based on these findings, the static unipedal balance
test could be used in the talent identification process of selecting base
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gymnasts during early specialization, as well as to evaluate and detect
high performance base gymnasts.

In contrast, the role played in acrobatic gymnastics did not influence
the static balance capacity on the headstand. There were no differences
in the base and top groups for the inverted position evaluated, most
likely due to this skill being very common in the early stages in Acrobatic
Gymnastics, and is practiced by all gymnasts regardless of their role.
Although the top gymnast would usually perform various types of
handstands on base partner during the pyramids, it does not seem to
influence better performance for the inverted position of the headstand
by top versus base gymnasts. According to these results, although the
headstand can be considered a specific position in acrobatic gymnastics,
it has not been shown as a sensitive test to the specific performance
between roles. In this line, there is evidence for the absence of transfer
between postural capacity displayed by athletes in generic tests against
specific tests [1,12,30]. However, more studies are necessary to find
tests sensitive to the role played.

Furthermore, there was no interaction between the effect of the role
and the effect of age, that is, the effect of the role performed is inde-
pendent of the effect of age and vice versa. These results may be limited
by the reduced difference in age between groups. Greater specialization
can be expected as gymnasts increase in age. An adult gymnast (20 years
old) could have 6-7 years more experience than the gymnasts in the
early adolescent category of the present study. In acrobatic gymnastics it
is common for the top to adopt inverted postures more frequently than
the base, especially during the execution of pyramids. This circumstance
could provide the top to reach a better postural performance than the
base in headstand. Therefore, an interaction between age and role could
be expected. While the current findings of no difference in the balance
performance between base and top in the early adolescent group would
be maintained, a better balance performance of the top with respect to
the base could appear in a group of adult gymnasts. Further studies are
needed to clarify the effects of role played and age on balance perfor-
mance during a generic and specific postures.

This research was limited to the study of static balance with certain
tests, to evaluate the differences between acrobatic gymnastics roles.
Given the limited size of certain groups, it is important to encourage
further research with more athletes. The results obtained are not
transferable to other static positions.

5. Conclusion

The current study has been the first to differentiated performance in
static balance according to the role played and age in Acrobatic Gym-
nastics. The findings have shown the clear effect of age on the static
balance manifested in acrobatic gymnastics, regardless of the role
played and the test performed. Mid-adolescent athletes presented better
control of balance compared to early adolescents, thus athlete age group
should be taken into account during the training, evaluation and se-
lection of athletes.

The effect of the role played in this team sport has been different
depending on the type of test performed. While the headstand is not
sensitive to the role played, the unipedal stance has been best performed
by base gymnasts. This test could be used to select or evaluate base
gymnasts.
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