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Purpose: The aim of this work was the assessment of postural stability at different heights as well as in natural standing position and
during tandem stance in female athletes who practice artistic gymnastics. Methods: The study comprised 34 athletes aged 8–12, practicing
artistic gymnastics at a sports club „Korona Kraków”. The research tool was CQ-Stab 2P two-platform posturograph. The elevation was
achieved using the Light SPL platform. The data were analyzed based on Wilcoxon signed-rank test and Spearman’s rank correlation.
Results: The height at which the posturograph was set differentiated the path length of the statokinesiogram, both in the natural stance
( p = 0.035) and tandem stance ( p = 0.012). When the posturograph was placed on the floor, statistically significantly higher sway area
delimited by the COP point ( p < 0.001), statokinesiogram path length ( p < 0.001), mean amplitude of COP displacement ( p < 0.001)
and mean frequency of COP displacement ( p = 0.048) values were recorded in the tandem stance position. On the other hand, when the
posturograph was placed on a landing, statistically significantly higher sway area delimited by the COP point ( p < 0.001), statokinesiogram path length ( p < 0.001) and mean frequency of COP displacement ( p < 0.001) values were recorded in the tandem stance position. Conclusions: Increasing height was accompanied by deterioration of stability indices. Postural stability improves with training
experience.
Key words: natural stance, tandem stance, balance on the floor, balance on the landing

1. Introduction
Performing motor tasks in artistic gymnastics requires the development of body control mechanisms
that allow for maintaining balance in unnatural motor
tasks. A particularly difficult challenge for female
athletes practicing this sport discipline is exercising
on balance beam [18], [23]. The main difficulty in
performing motor tasks on this device is the need to
maintain balance in the conditions of a decreasing
width of the support area and a decreasing angle of
equilibrium in the frontal plane. This requires athletes

to make significant adjustments to the balance control
process [19]. Balancing on a balance beam that is only
10 cm wide requires initial mastering the technique of
gymnastic movements on the floor [1].
The height of the balance beam has a significant influence on the technique, aesthetics and smoothness of
movements. In the conditions of sports competitions, the
balance beam is placed at a height of 1.25 m from the
ground [12]. However, while teaching the gymnastic
elements, it can be set at different heights. This approach
ensures gradual familiarization with the performance of
movements at height, and also increases the comfort and
safety during the performance of motor tasks.
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The results of available studies indicate that practicing artistic gymnastics has a beneficial effect on the
course of processes related to balance control [1], [2],
[9], [13], [14], [20], [26]. However, the method of
these studies took the positioning of the measurement
platforms on the floor into account. In this way, the
influence of a variable significant for this sport – such
as height – was ignored. Test protocols involving balance measurements with the setting of stabilometric
platforms at different heights were used only in studies of non-training individuals, mainly to assess the
degree of fear of falling [15], [17], [24]. It has been
shown that changes in indices of sensorimotor balance
control occur in people standing on a platform placed
on a landing including an increase in the frequency of
corrective reactions. Increased co-contraction of the
lower limb muscles was also observed, as well as
physiological and psychological responses in response
to a fall hazard [6]–[8], [21], [30]. Increase in anxiety
and reduced balance specific self-efficacy were typical
[5], [16], [31]. Carpenter et al. [5] concluded that older
adults used the same stiffening strategy as younger to
cope with the increased anxiety and lowered confidence associated with standing on a high surface. In
turn, Brown et al. [3] found that age did not influence
how anxiety influenced the regulation of postural
control.
The aim of this study was the assessment of postural stability at different heights as well in natural
standing position and during tandem stance in female
athletes who practice artistic gymnastics. The authors
wanted to answer whether the positioning of the posturograph on the floor and a 1.25 m high landing, and
the arrangement of the measuring platforms differentiate the values of the body stability indices in female
athletes, what the relationships between the synonymous stability indices recorded in natural stance and
tandem stance positions are and which of the body
stability indices recorded in individual trials show
relationships with training experience of female athletes practicing gymnastics.

2. Materials and methods
2.1. Participants
The study performed in June 2020 comprised
34 athletes aged 8–12, practicing artistic gymnastics at
a sports club „Korona Kraków”.
Selection of the research groups was purposive.
The inclusion criteria were: performing gymnastics

competitively, training experience of 3–6 years, no complaints resulting from injuries to the musculoskeletal
system, systematic attendance at classes, twice a week,
written informed consent parents/legal guardians to participate in the study.
The average length of the training experience of
the surveyed girls was 4.40 ± 1.00 years. The obtained
data show that the average body mass of the studied
athletes was x = 28.11 ± 6.89 kg, the average body
height was x = 132.40 ± 11.43 cm, while the mean BMI
shaped on the level 15.79±1.49.
The study was approved by the Bioethics Committee at the University of Rzeszów, Poland (Approval
Ref. No. No. 10/12/2019). All participants, their parents/legal guardians were furnished with detailed information on the aims and methods to be used throughout the study, and gave their written informed consent
to participate in the research.

2.2. Examination protocol
The research tool was CQ-Stab 2P two-platform
posturograph (manufactured by CQ Electronic System).
The construction of the posturograph allowed for free
arrangement of the platforms. The measurements of
stability consisted of four 30-second tests. The first
attempt (NF – natural, floor) was the measurement of
the body stability in a natural standing position (natural stance). The platforms were arranged on the floor
parallel to each other, were levelled, their surfaces
aligned in a single plane. After entering the platform,
the subject stood still trying to keep her eyes on the
fixation point which was placed 1 meter away. The
stance width of the lower limbs and the feet angle were
natural, unforced (Fig. 1a). Subsequently, the second
test (TF – tandem, floor) was conducted while the foot
of the dominant lower limb was placed in front of the
foot of the non-dominant lower limb (tandem stance).
Before measuring the body stability in this position,
the plates of the platform were placed one in front of
the other (Fig. 1b). The third test (NL – natural, landing) was carried out on the same principle as first test
(Fig. 1c), in turn, during the fourth test (TL – tandem,
landing), the study participants performed the same
principle as the second test (Fig. 1d), except that the
posturograph was placed on a 1.25 m high landing,
which simulated the conditions for performing gymnastic exercises on a balance beam, in accordance
with the standards adopted by the International Gymnastics Federation [12]. The elevation was achieved
using the Light SPL platform (Alspaw Group) with
the possibility of height adjustment. For safety reasons

Postural stability at different heights as well as in natural standing position and during tandem stance...

(a)

(b)

(c)

157

(d)

Fig. 1. The manner of carrying out the measurements of stability: (a) quiet stance on the floor (NF – natural, floor);
(b) tandem stance on the floor (TF – tandem, floor); (c) quiet stance on the platform 1.25 m (NL – natural, landing);
(d) tandem stance on the platform 1.25 m (TL – tandem, landing)
Source: own study. The authors obtained the participant’s and their parents consent to publish the images

during the measurement, members of the research team
were present near the measuring stand, and 20 cm heigh
mattresses were placed around the platform.
In order to preserve the integrity of the research
process, all the tests were carried out in the morning,
using the same measuring instruments operated by the
authors. The measurements were carried out in the
gym, in conditions which ensure the isolation of acoustic stimuli that could interfere with postural reflexes
during the study. Athletes were wearing gymnastic
costumes without shoes. All procedures were carried
out in full compliance with the Declaration of Helsinki.
The following indices of stability were analyzed:
– SA [mm2] – sway area delimited by the COP point
(i.e., the surface area of an irregularly shaped polygon, demarcated by a boundary line connecting up
the extreme points of the statokinesiogram);
– SP [mm] – statokinesiogram path length;
– MA [mm] – mean amplitude (radius) of COP displacement;
– MF [Hz] – mean frequency of COP displacement
(i.e., the ratio of the total statokinesiogram’s path
length (on both axes) to the circumference of the
circle whose radius is equal to the average COP
displacement calculated per 1 second).

2.3. Statistical analysis
The consistency of the values with the normal distribution was verified by means of the Shapiro–Wilk
test. The data were analyzed based on Wilcoxon signed-rank test and Spearman’s rank correlation. The strength
of the correlation was determined on the basis of the

adjective scale according to Stanisz [27]: RXY = 0.0
variables are not correlated; 0.0 < RXY < 0.1 slim correlation; 0.1 ≤ RXY < 0.3 weak correlation; 0.3 ≤ RXY
< 0.5 average correlation; 0.5 ≤ RXY < 0.7 strong correlation; 0.7 ≤ RXY < 0.9 very strong correlation; 0.9 ≤
RXY < 1.0 almost complete correlation.
Results were considered statistically significant if the
probability level of the test was lower than the predetermined level  = 0.05. The Statistica Stat Soft application
(version 13.1) was used to process the test results.

3. Results
The data collected in Table 1 show statistically
significant differences in the values of the path length
statokinesiogram indices obtained in the corresponding tests performed under the conditions of placing the
posturograph on the floor and on the landing. The
aforementioned differences concerned both the tests
performed in the natural stance ( p = 0.035), and the
tandem stance ( p = 0.012) position. The values of the
statokinesiogram path length were higher in the tests
on the posturograph placed on the landing.
In conditions where the posturograph was on the
floor, the feet position differentiated the values of all
stability indices. In the tandem stance position, statistically significantly higher values of sway area delimited by the COP point ( p < 0.001), statokinesiogram
path length ( p < 0.001), mean amplitude of COP displacement ( p < 0.001) and mean frequency of COP
displacement ( p = 0.048) were recorded (Table 1). On
the other hand, when the posturograph was placed on
a landing, statistically significantly higher sway area
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Table 1. Comparison of the values of stability indices obtained in individual tests
Stability indicator

SA [mm2]
SP [mm]
MA [mm]
MF [Hz]

SA [mm2]
SP [mm]
MA [mm]
MF [Hz]

SA [mm2]
SP [mm]
MA [mm]
MF [Hz]

SA [mm2]
SP [mm]
MA [mm]
MF [Hz]

x ± SD

Me

Max–min

Natural stance on the floor – Natural stance on the landing
479.82±215.29
467.00
959.00–183.00
534.50±286.17
436.50
1651.00–230.00
467.20±72.91
461.50
617.00–333.00
482.32±70.25
476.50
627.00–365.00
3.04±1.26
2.80
6.00–1.40
3.38±1.62
2.90
8.70–1.60
0.94±.35
0.86
1.72–0.39
0.91±0.41
0.81
1.72–0.35
Tandem stance on the floor – Tandem stance on the landing
TF
1395.85±1373.93
960.50
8439.00–376.00
TL
1560.41±1196.11
1314.50
6828.00–380.00
TF
739.82±166.09
724.50
1406.00–500.00
TL
799.79±190.83
784.50
1426.00–488.00
TF
5.33±2.12
4.80
12.10–2.20
TL
5.95±2.44
5.55
14.20–2.30
TF
0.80±0.23
0.74
1.40–0.45
TL
0.78±0.24
0.75
1.67–0.47
Natural stance on the floor – Tandem stance on the floor
NF
479.82±215.29
467.00
959.00–183.00
TF
1395.85±1373.93
960.50
8439.00–376.00
NF
467.21±72.91
461.50
617.00–333.00
TF
739.82±166.09
724.50
1406.00–500.00
NF
3.04±1.26
2.80
6.00–1.40
TF
5.32±2.12
4.80
12.10–2.20
NF
0.80±0.04
0.86
1.72–0.39
TF
0.94±0.06
0.74
1.40–0.45
Natural stance on the landing – Tandem stance on the landing
NL
534.50±49.08
436.50
1651.00–230.00
TL
1560.41±205.13
1314.50
6828.00–380.00
NL
482.32±70.25
476.50
627.00–365.00
TL
799.79±190.83
784.50
1426.00–488.00
NL
3.38±1.62
2.90
8.70–1.60
TL
5.95±2.44
5.55
14.20–2.30
NL
0.91±0.041
0.81
1.72–0.35
TL
0.78±0.24
0.75
1.67–0.47

NF
NL
NF
NL
NF
NL
NF
NL

Z

p

–1.85

0.064

–2.11

0.035*

–1.94

0.052

–1.80

0.071

–1.27

0.203

–2.52

0.012*

–1.65

0.099

–0.97

0.334

–4.95

<0.001*

–5.09

<0.001*

–4.58

<0.001*

–1.97

0.048*

–4.78

<0.001*

–5.07

<0.001*

–4.39

<0.001*

–1.78

0.075

SA – sway area delimited by the COP point; SP – statokinesiogram path length; MA – mean amplitude of COP
displacement; MF – mean frequency of COP displacement; NF – natural, floor; TF – tandem, floor; NL – natural,
landing; TL – tandem, landing; x – arithmetical mean value; SD – standard deviation; max – maximum
value; min – minimum value; Me – median; Z – value of the Wilcoxon signed-rank test statistic; p – probability value.
* p < 0.05.

delimited by the COP point ( p < 0.001), statokinesiogram path length ( p < 0.001) and mean frequency
of COP displacement ( p < 0.001) values were recorded in the tandem stance position (Table 1).
Statistically significant strong and very strong
relationships were noted between the values of stability indices recorded during the tests on the floor and
landing. In the case of the natural stance position, the
aforementioned relationships concerned the values of
indices defining sway area delimited by the COP point
(R = 0.61; p < 0.001), statokinesiogram path length
(R = 0.86; p < 0.001), mean amplitude of COP dis-

placement (R = 0.60; p < 0.001) and mean frequency
of COP displacement (R = 0.70; p < 0.001). On the
other hand, in the tandem stance, statistically significant correlations concerned the values of the following indices: statokinesiogram path length (R = 0.67;
p < 0.001) and mean frequency of COP displacement
(R = 0.50; p = 0.003).
There were no statistically significant relationships
between the unanimous stability indices recorded in
the natural stance and tandem stance tests, both in the
case of placing the posturograph on the floor and on
the landing (Table 2).
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Table 2. Relationships between synonymous stability indices
recorded during trials in natural stance
and tandem stance positions
Pair of variables
SA NF & SA NL
SP NF & SP NL
MA NF & MA NL
MF NF & MF NL
SA TF & SA TL
SP TF & SP TL
MA TF & MA TL
MF TF & MF TL
SA NF & SA TF
SP NF & SP TF
MA NF & MA TF
MF NF & MF TF
SA NL & SA TL
SP NL & SP TL
MA NL & MA TL
MF NL & MF TL

R
0.61
0.86
0.60
0.70
0.34
0.67
0.50
0.03
0.27
0.15
0.23
0.26
0.26
0.29
0.23
0.30

p
<0.001*
<0.001*
<0.001*
<0.001*
0.052
<0.001*
0.003*
0.845
0.126
0.200
0.186
0.143
0.146
0.099
0.193
0.086

SA – sway area delimited by the COP point; SP –
statokinesiogram path length; MA – mean amplitude of
COP displacement; MF – mean frequency of COP displacement; NF – natural, floor; TF – tandem, floor; NL – natural, landing; TL – tandem, landing; R – Spearman’s rank
correlation coefficient; p – probability value.
* p < 0.05.

The training experience negatively correlated with
the statokinesiogram path length recorded on the floor
(R = –0.65; p < 0.001) and landing (R = –0.71; p <
0.001).
Table 3. Relationships of body stability indices
with the age and training experience of female athletes
practicing artistic gymnastics
Pair of variables
Training experience & SP NF
Training experience & SP NL

R
–0.65
–0.71

p
<0.001*
<0.001*

SP – statokinesiogram path length; MF – mean frequency
of COP displacement; NF – natural, floor; TF – tandem, floor;
NL – natural, landing; TL – tandem, landing; R – Spearman’s
rank correlation coefficient; p – probability value.
* p < 0.05.

4. Discussion
In our material, the height at which the posturograph was set differentiated the statokinesiogram
path length. This path was longer during the tests performed on the 1.25 m high landing. Not many studies
are available in the literature assessing postural stabil-
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ity at height. Few studies available include the works
of Brown et al. [3], Carpenter et al. [5] and Hauck et
al. [16], in which the stiffening strategy was observed
during the research on the stability of the body at
height. The study by Simeonov and Hsiao [25], provided interesting data, as the factor “height of the
body position” influenced the increase in the velocity
of the center of pressure displacement of the feet in
male construction workers.
The training process of artistic gymnastics athletes
is conducive to the optimization of postural control
[13]. Already at the stage of selecting for this sport
discipline, candidates must demonstrate such predispositions as strength, flexibility and motor coordination [28]. These features may influence the postural
control indices. Contrary to non-training individuals,
gymnasts have the opportunity to repeatedly perform
motor tasks that familiarize them with height. These
situations take place not only in the conditions of
sports training, but also during social exposures, especially control tests and sports competitions.
In our study, placing the platforms one in front of
the other and taking measurements in the tandem
stance position resulted in the deterioration of postural
stability compared to the test in the natural stance
position, both during measurements on the floor and
on the landing. The difficulties in performing stability
tests in the tandem stance position were evidenced by
high values of standard deviations of individual stability indices. It certainly resulted from narrowing of
the support plane. Greater variability of stability indices
may be dictated by a more complex course of regulation processes that minimize deviations from the assumed equilibrium state. Nam et al. [22] noted that the
compensation strategies were triggered as a reaction to
the narrowing of the support plane. According to the
authors, the activation time and the type of contraction
of core muscles are of key importance, a ipsilateral
erector spinae muscle is delayed but contralateral internal oblique abdominis are activated anticipatively.
It is worth emphasizing here that the measurements
carried out in a standing position on feet placed in
parallel seem to characterize a general and special
balance. In turn, tests in the tandem stance position
are used to assess the so-called the special balance
that athletes must maintain during gymnastic exercises
and sports competitions. Therefore, the assessment of
the balance with such a feet setting may have practical
implications, both at the stage of sport selection (assessment of predispositions) and during the implementation of sports training.
We noted relationships of synonymous indices defining sway area delimited by the COP point, statoki-
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nesiogram path length, mean amplitude of COP displacement, and mean frequency of COP displacement
– in the natural stance position, and correlations statokinesiogram path length and mean frequency of COP
displacement – in the tandem stance position. Their
positive direction indicates that the increase in height
is accompanied by a deterioration of the abovementioned stability indices. On the other hand, the
values of the synonymous stability indices recorded in
the trials at the same height did not show any mutual
relations. The obtained results lead to re-emphasizing
the importance of training gymnasts at different
heights. There are no publications in the literature that
investigate the postural stability at various heights in
athletes, especially in those practicing gymnastics,
hence it is difficult to relate our results to the studies
of other authors. As part of the discussion, the results
of Aleksić-Veljković et al. [1], who studied 49 female
gymnasts, divided into two age groups (9.00±1.10
years, and 12.10 ± 0.60 years), using Balance Error
Scoring System, composed of measurements postural
stability in six stance conditions on the floor: double-leg, single leg, and tandem stances on both legs, on
the firm and foam surface, can be set forth. The
authors pointed out that to achieve top results in the
women's artistic gymnastics it is necessary to achieve
good results on the balance beam and monitoring of
balance ability for future success. The reduced support
surface, among other capabilities, requires a high level
of balance. According to Vuillerme et al. [29], this
quite obvious methodological guideline is justified in
the dynamic models of information flows during sensorimotor operations. This process may be of particular importance in gymnastics training, as it can switch
other sensory systems more efficiently.
Our study shows that statokinesiogram path length
recorded on the floor and landing are related to the
training experience. These results indicate that gymnastic training improves the mechanisms controlling
balance. It appears that fitness and coordination exercises performed in gymnastic training could enhance
the level of postural stability. According to Bučar
Pajek et al. [4] and Krištofič et al. [19], gymnastics
requires a great diversity of movements: transition
from dynamic and static elements and vice versa, frequent changes of the body position in space.
It would be beneficial to supplement our results with
data based on psychological tests. Some studies indicate
that the awareness of the risk of falling and suffering an
injury during training consisting in performing motor
tasks on devices placed above the ground may intensify
the level of anxiety [10], [11]. Such an emotional reaction may trigger the so-called mental blockades affecting

the body control process, lowering the quality and disrupting the smoothness of the performed gymnastic elements. It is also worth adding that situations perceived as
dangerous to health become a reason for athletes to
avoid or refuse to perform physical tasks, aversion to
some gymnastic competitions, and even to end their
sports career. This may additionally arouse fear of failure
during sports competitions, unfavorable reaction of the
audience or the trainers [11]. Therefore, the present
study aimed at assessing the impact of anxiety on the
stability indices would allow for the analysis of the impact of the feeling of being in danger during exercises at
height on the ability to maintain balance in a standing
position. Such a procedure may complement the knowledge about the directions of selection of the type of exercises and training loads in order to optimize the training
process of female athletes practicing artistic gymnastics.
In conclusion, it should be emphasized that our study
is pioneering when it comes to measuring postural stability at different heights in athletes. The obtained results are a contribution to further scientific research in
order to more accurately review the observed trends. In
order to achieve this goal, research on postural stability
and its variability due to sports training should be continued. We are convinced that every report regarding
the issues undertaken at this paper is a valuable addition to scarce publications on the subject.

Study limitations
This design has no control group (non-athletes),
which might well be regarded as a study limitation. In
addition, there is a limitation of not controlling a potential effect of order because the postural stability was not
tested in a randomized but fixed order. Therefore, the
obtained data may be the result of the so-called „first
trial” effect, which takes place when the subject knows
the sequence of trials. In this situation, the difference in
postural control between each trials may result from
changes in arousal levels. Knowledge of the test procedure, or the experience gained from the successful execution of a given test, may influence the perception of
subsequent tests as more or less threatening with the loss
of balance compared to the previous one.

5. Conclusions
Positioning of the posturograph on the landing
causes elongation statokinesiogram path length. Placing the platforms one in front of the other affects the
deterioration the postural stability in relation to the

Postural stability at different heights as well as in natural standing position and during tandem stance...

test in the natural stance position, both during measurements on the floor and on the landing.
There are relationships of synonymous indices defining sway area delimited by the COP point, statokinesiogram path length, mean amplitude of COP displacement, and mean frequency of COP displacement – in the
natural stance position and correlations of statokinesiogram path length and mean frequency of COP displacement – in tandem stance position. The values of the
synonymous stability indices recorded in the trials at the
same height do not show mutual relations.
The statokinesiogram path length recorded on the
floor and landing are related to the training experience.
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