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Abstract

Background: The aim of the study was to verify or falsify the relationships between body weight
(weight category groups) and the ability to maintain balance in conditions of restricted field of vision
and support area in female wrestlers. Methods: The study involved female wrestlers (n=34), who
were divided into three weight categories. The Romberg test was performer using a freeSTEP
STANDARD stabilometric platform. The analyzed stabilometric parameters measuring the range of
center of pressure (CoP) deviation were: total path length (PL) of foot-pressure on the ground.
Results: The postural stability of female wrestlers is determined by their position, the quality of visual
information, the limitation of the support base, and their weight category. As visual information and
the support base were limited (when standing on one leg), the deviation of the centre of gravity
increased (right leg: f2 = .293, p<.005). Lightweight competitors showed the biggest body deviations
in the ‘standing with both feet and eyes open’ position compared to the middleweight and
heavyweight categories (eyes open EO {2 = .233, p< .05; eyes closed EC f2 = 217, p< .05). The
differences between the tests with eyes open and closed were statistically significant only in the
lightweight category. Conclusions: Balance training on the right leg with eyes open can be a sensitive
diagnostic test, highlighting differences in stability levels between weight groups. It indicates the
need to develop stability while eliminating visual compensation in order to compensate for these
differences in competitive sports.

Keywords: body balance; functional adaptations; wrestlers; stabilometric mat; movement efficiency;
kinesiology

1. Introduction

Balance is one of the most important aspects in combat sports, including wrestling, where a
competitor's effectiveness depends largely on their ability to precisely control their own body, both
in a standing position and during dynamic changes of position [1,2]. The ability to maintain stability
requires not only adequate physical condition but also effective cooperation between the nervous and
muscular systems [3,4].

Maintaining balance is a complex sensory-motor process involving the cooperation of three main
systems: the nervous, muscular and skeletal systems. Each of these systems performs specific
functions which together enable effective maintenance of body posture and counteract external forces
that may disrupt its stability. In the context of the sensory process, information received from the
visual, vestibular and somatosensory systems is of key importance. From the point of view of motor
processes, the nervous system is responsible for integrating information from sensory receptors and
generating appropriate movement patterns that ensure posture stability and balance. The muscles
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and skeletal system, as effectors, carry out the commands of the nervous system, correcting body
posture, muscle tension and weight distribution [5].

At the same time, the muscular and skeletal systems provide the strength and mechanical
stability necessary to perform dynamic and precise movements. This is not only the ability to
maintain stability in a standing position, but also a series of processes such as predicting disturbances
(feedforward), responding to sudden changes in conditions (feedback) and adapting to changing
circumstances. This adaptation is possible thanks to the plasticity of the nervous system and the
ability to learn from experience [6,7].

The proprioceptive system plays a key role in maintaining balance by providing information
about the position and movements of the body. Proprioceptive receptors located in muscles, tendons,
joints and skin enable precise monitoring of body position and the forces acting on it. Muscle spindles
respond to muscle stretching and tension, providing information about muscle length and the rate of
change, which is crucial for movement coordination. Proper functioning of the proprioceptive system
is essential for both daily activities and sports training. Dysfunctions in proprioceptive receptors,
afferent pathways, or signal processing in the brain can lead to balance disorders, increasing the risk
of falls and injuries. For this reason, training and rehabilitation programmes focus on developing
proprioception and strengthening the musculoskeletal system [8]. As demonstrated by Steinberg et
al. [9], fatigue affects vestibular function, which has been confirmed in tests by a deterioration in
stability scores as fatigue increases.

Therefore, static balance plays an important role in contact sports. It is not only the basis for
maintaining body stability during competition, but also affects the effectiveness and efficiency of the
techniques and tactics used by athletes. It improves athletic ability by supporting the development
of other physical skills such as strength, speed, endurance, agility, and coordination [10-12]. Through
comprehensive and balanced balance training, athletes are able to use their abilities more effectively
while reducing fatigue levels [13].

The ability to maintain a stable body position in combat sports is crucial, especially during
moments of anticipation, when the competitor tries to control their opponent, as well as in situations
requiring precise body positioning at a single point. In wrestling, an example of this is the moment
of pause in a standing position, when the competitor tries to prepare to perform a throwing that
requires uninterrupted stability. Thanks to the meticulous positioning of the body axis, the
competitor does not lose control over their opponent [14]. Dynamic balance, i.e. the ability to maintain
stability during movement, plays a key role in transitional moments and in techniques requiring
smooth and rapid changes in body position. In wrestling, techniques such as takedowns, dodges and
counterattacks require the competitor not only to react quickly to their opponent's movements, but
also to maintain body stability when transitioning from one action to another. For example, when
performing a leg takedown, the wrestler must constantly modify their body position to maintain
balance, even when the opponent is trying to throw them off balance [15].

Postural stability plays a key role in generating force when performing techniques, ensuring
precise reactions to an opponent's movements and effective weight transfer. In sports that require
dynamic changes of position, such as wrestling, judo or tackwondo, even a momentary loss of balance
can significantly weaken the effectiveness of an attack or counterattack. It is emphasised that a stable
posture in standing combat is fundamental to the effectiveness of all actions taken [16,17]. This
effectiveness may also be influenced by other factors occurring during combat, related to the
limitation of the field of vision and the base of support, whose possible relationship with body weight
is still poorly understood. This observation prompts attempts to explain this dilemma, especially in
the context of women who practise wrestling.

The aim of this study was to verify or disprove the relationship between body weight (weight
categories) and the ability to maintain balance in conditions of restricted field of vision and support
area in female wrestlers.
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2. Materials and Methods

Participant

Thirty-four female wrestlers from Poland, Ukraine, Germany, Latvia, and Tunisia participated
in the study (n=34). All participants were recruited voluntarily and were informed about the nature
of the experiment, with a clear explanation of the purpose of the study and possible risks. They could
withdraw from the study at any time. Written consent was obtained from all participants prior to the
start of the study, which was conducted in accordance with the guidelines of the Helsinki Declaration
and approved by the Scientific Research Ethics Committee.

The female wrestlers were divided into three weight categories according to the criteria
proposed by Jagielto and Kruszewski [18]: lightweight n=12 (weight categories up to 50 kg, 53 kg and
55 kg), middleweight n=12 (weight categories up to 57 kg, 59 kg and 62 kg) and heavyweight n=10
(weight categories up to 65 kg, 68 kg, 72 kg and 76 kg) (Table 1).

Table 1. Somatic characteristics of the female wrestlers studied (mean values, +SD).

lightweight middleweight heavyweight
categories categories categories
(n=12) (n-12) (n=10)
body height (cm) 160 +4.31 168 £5.64 170 £6.75
Minimum 154 158 158
Maximum 165 176 180
body weight (kg) 55 +2.11 61 +1.63 71 +4.24
Minimum 52 59 65
Maximum 57 63 76

Experimental procedures

The study of the balance abilities of elite female wrestlers using the Romberg test on the freeSTEP
STANDARD stabilometric platform (FreeMED BASE, Poland) was planned and conducted in
accordance with applicable ethical standards.

Test of balance ability

Postural stabilography was used to assess balance ability [19]. Posturography tests are
categorized as methods for objective assessment of balance, based on the measurement of a signal
representing the displacement of the point of application of the resultant ground reaction forces. The
measurement of body oscillation indices is used to assess the functioning of the postural control
system and to detect imbalances and risk of falls. Postural stability was measured in static, on a
stationary substrate on a FreeMED BASE stabilometric mat (Ita.) with FreeSTEP 2.0 software. The
device used allows the analysis of the distribution of foot pressure forces on the ground, with a
sampling frequency of 250Hz in real time. Two measurements were conducted based on the standard
Romberg test procedure: the first measurement involved a 30-second test of standing still barefoot
with eyes open (EO), and the second was a 30-second test of standing still barefoot with eyes closed
(EC). During the testing procedure, the subjects were belayed to prevent falls. Measurements were
taken before the start on international wrestling tournament (Figure 1).
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Figure 1. Performing the Romberg test — standing on both legs, standing on one leg — Al example image.

The analyzed stabilometric parameters measuring the range of center of pressure (CoP)
deviation were: total path length (PL) of foot-pressure on the ground; confidence ellipse area (CEA),
defined as the smallest ellipse that covers 95% of the points of the CoP diagram; mean velocity (MV),
defined as the total length travelled by the CoP in 30 s; root mean square (RMS) amplitude of the
pivot range in the medial-lateral direction (X-RMS); amplitude of the root mean square of the pivot
range in the anteroposterior direction (Y-RMS).

Statistical analysis

Using the Shapiro-Wilk W-test (a= .05), it was found that the values obtained for the CoP
displacement range did not have a normal distribution, so the data were logarithmised. Mann
Whitney U test (Wilcoxon rank-sum) for repeated measures was used to assess the significance of
differences in the analyzed parameters between eyes open and closed. Comparisons between groups
made using nonparametric test to the one-way repeated measures ANOVA — the Friedman test.
Detailed post-hoc comparisons between pairs of means were made using the Tukey test. The strength
of effect was expressed as: insignificant 0 < n2 < .01; small .01 < n*< .06; average .06 <n?<.14 and
large n2 > .14.

All analyses were performed using STATISTICA, TIBCO Software Inc. (2017). Statistica (data
analysis software system), version 13. The level of p< .05 was used to assess the significance of effects.

3. Results

The length of body sway in the standing position with both feet together and full field of vision
was greatest and significant in heavyweight competitors. In lightweight competitors, the length of
sway was smallest with a restricted field of vision (PL), and the smallest changes in sway length were
recorded between EO and EC trials.

In the remaining tests, no significant differences were found in either the weight category groups
or in the restricted field of vision (Table 2).

Table 2. Results values, p-values, effect sizes in weight categories while standing with both feet, with eyes open

and eyes closed.

Stabilometric lightweight middleweight heavyweight .
. Effect size f2 p-value
variables category (n=12) category (n=12) category (n=10)
PL (mm)
EO 96.97 +202.59 53.06 +24.14 46.03 +32.53 233 .009*
EC 96.96 +202.59 117.36 +64,31 139.73 +237.23 217 .013**
Effect size 1)? .003 199 .041
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p-value .958 .208 .840
CEA (mm?2)

EO 191.04 £27.91 204.48 +37.85 195.73 £34.19 .108 116

EC 254.42 +65.43 225.36 +45.85 217.92 +60.53 .057 321
Effect size 1)? 202 .050 041
p-value 260 .757 .840

MV (mm/s)

EO 6.64 +0.92 7.01£1.21 6.91 £1.19 117 .097

EC 8.59 +2.11 7.70 £1.61 7.46 £1.92 .103 128
Effect size 1)? 214 146 .024
p-value 233 .356 .907
X-RMS (mm)

EO 25+.04 28+.05 26 +0.04 .096 146

EC 41+ .13 29+.05 .32 +0.08 .007 876
Effect size 1)? 111 .023 120
p-value .532 .885 .567
Y-RMS (mm)

EO 18+.04 19 +.08 18+.04 .001 981

EC 35+.23 26£.09 33+.19 .018 .699
Effect size 1)? 107 .048 107
p-value .545 .761 .599

NOTE: EO - eyes open; EC — eyes closed; PL — total path length; CEA — confidence ellipse area; MV — mean
velocity; X-RMS — amplitude of the pivot range in the medial-lateral direction; Y-RMS - amplitude of the root

mean square of the pivot range in the anteroposterior direction.

In the one-leg standing test on the right leg with full visual control, no significant differences
were found between the weight categories. The shortest sway length was found in the light category
group and the longest in the heavy category group.

With visual control (EC) restricted, the shortest length of sway was found in the severe category
group, while the longest was found in the moderate category group. The observed difference was
significant.

The difference in swing speed values (MV) between weight category groups was significant
(Table 3).

In the remaining X-RMS and Y-RMS tests, no significant differences were found in either the
weight category groups or in the limitation of the field of vision (Tables 3 and 4).

Table 3. Results, p-values, and effect sizes in weight categories while standing on the right leg with eyes open

and eyes closed.

lightweight

Stabilometric middleweight heavyweight .
. category Effect size f2 p-value
variables (n=12) category (n=12) category (n =10)
PL (mm)
EO 178.11 +131.06 182.60 +61,02 215.02 £144.72 .068 259
EC 3349.01 +3818 8898.11 +1527.14 2609.75 +1827.76 293 .003*
Effect size n? .263 .287 171
p-value 138 .069 041
CEA (mm?2)
EO 205.49 +32.48 261.71 £75.99 245.42 +58.76 143 .050%
EC 715.67 £215.75 1108.97 +845.44 626.31 £107.13 132 074
Effect size 1? 293 211 253
p-value .097 185 214
MV (mm/s)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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EO 15.02 +2.42 20.48 £5.78 17.33 +4.65 152 .049*

EC 58.59 +20.11 101.38 +83.20 50.25 +11.74 .078 212
Effect size 1? 270 381 254
p-value 127 .018 214
X-RMS (mm)

EO 3.18 £1.75 3.11 £2.00 4.36 +1.47 125 .082

EC 8.31 £2.62 6.45 +3.44 7.85 +2.43 109 127
Effect size 1)? 270 234 418
p-value 126 .143 .045
Y-RMS (mm)

EO 1.21 +0.63 1.74 +1.08 1.45 +0.53 117 .097

EC 3.23+1.73 5.57 +5.48 2.66 +0.28 113 104
Effect size n? 144 024 251
p-value 416 .881 219

NOTE: EO - eyes open; EC — eyes closed; PL — total path length; CEA — confidence ellipse area; MV — mean

velocity; X-RMS — amplitude of the pivot range in the medial-lateral direction; Y-RMS — amplitude of the root

mean square of the pivot range in the anteroposterior direction.

Table 4. Results, p-values, and effect sizes in weight categories while standing on the left leg with eyes open and

eyes closed.

Stabil'ometric lightweight category =~ middleweight heavyweight Effect size 2 p-value
variables (n=12) category (n =12) category (n = 10)
PL (mm)
EO 224.27 +123.59 262.79 +198,57 315.57 +206.72 .083 191
EC 2392.01 +1507.11 3666.03 +4421.61 3237.95 +3553.91 116 .099
Effect size 1)? 227 182 271
p-value 201 .255 .184
CEA (mm2)
EO 298.54 +97.34 294.07 +61.31 323.53 +76.44 .008 .848
EC 702.52 £321.27 928.17 +744.61 628.87 +£302.91 418 .001**
Effect size 1)? A11 025 .053
p-value .534 144 .799
MV (mm/s)
EO 17.38 £5.21 19.61 £3.16 18.51 £5.32 173 .032*
EC 58.77 + 30.81 82.98 +70.49 57.91 £29.01 203 .017*
Effect size 1)? 302 513 289
p-value .093 .001** 169
X-RMS (mm)
EO 7.78 +3.52 6.08 £3.58 8.69 £1.96 046 397
EC 7.33 +3.41 6.27 £3.58 6.52 +2.67 277 011*
Effect size n? .043 208 231
p-value .805 189 259
Y-RMS (mm)
EO 1.57 +0.54 1.51 +0.66 1.26 +0.58 .007 265
EC 3.22+1.81 5.04 +5.07 3.64 +1.98 173 .031*
Effect size 1)? 264 .163 414
p-value 142 .309 .042

NOTE: EO - eyes open; EC — eyes closed; PL — total path length; CEA — confidence ellipse area; MV — mean

velocity; X-RMS — amplitude of the pivot range in the medial-lateral direction; Y-RMS — amplitude of the root

mean square of the pivot range in the anteroposterior direction.

4, Discussion

ons CC BY license.
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Postural control, defined as the ability to maintain the body in a desired configuration relative
to the environment, determines the effectiveness of movement, prevents injuries during dynamic
interactions, and is an important prognostic factor in the sports training process [1,20]. Among female
wrestlers, where physical contact with opponents, changes in force vectors and a constant struggle
for biomechanical dominance place high demands on the vestibular system and proprioception, the
issue of postural stability plays a significant role [21,22]. Awareness of the functioning of balance
maintenance mechanisms allows for precise adjustment of the training programme, which can
directly translate into sporting results [23-25].

In the two-foot standing test, individuals with lower body weight (light categories) were able to
generate minimal corrections in deep muscle tension, which translates into a smaller trajectory of
centre of gravity oscillation. Wrestlers in the middle weight group had higher PL values, suggesting
that their postural system required more frequent compensation. However, only in the light category
was the difference between the open-eye and closed-eye positions minimal, indicating greater
adaptation of their proprioceptive system to eliminate visual stimuli. Patti et al. [26] and Sozzi,
Schieppati [27] indicate that human balance develops until the age of 20 and remains stable until
around the age of 50, so our research may indicate a stabilised level of balance ability in the female
wrestlers studied.

Our research revealed differences between light and middleweight female wrestlers in terms of
the average speed of centre of gravity shift (MV) (mm/s). When standing on the right leg with eyes
open, the athletes’ body weight plays a significant role, as indicated by the statistically significant
difference between the weight categories. With visual perception intact, lighter athletes show a
significantly lower centre of gravity swing speed, which may reflect greater stabilisation precision in
lateral and anterior-posterior movements. In the left-leg standing tests, body mass had a significant
effect, suggesting that only the monopodial position on the right limb in combination with visual
information created the conditions for the full manifestation of differences related to body mass.

Analyses of X-RMS and Y-RMS indicators indicate a significant impact of visual stimulus
availability on lateral and anterior-posterior balance control, with simultaneous modulation of this
response in the area of weight categories. Separate interpretation of each of these variables allows for
better targeting of training programmes: athletes from the light weight category should strengthen
lateral and anterior-posterior compensation in conditions of no visualisation, those from the medium
weight category should focus on monopodial stabilisation of the anterior-posterior axis, and those
from the heavy weight category should improve proprioception of the lateral axis, using body weight
to strengthen deep muscle mechanisms. It is believed that CoP displacement in the anterior-posterior
plane is mainly controlled by the ankle joint muscles, while CoP displacement in the lateral plane is
mainly controlled by the hip muscles [28,29]. It has also been noted that older sensory stimuli provide
a basis for better learning of tasks requiring a high level of proprioception, which means that the
development of this parameter will promote greater training effectiveness in the future. Thanks to
this segmentation of exercises, it is possible to optimise motor preparation in terms of posture for
each weight category group, which will translate into greater resistance to destabilisation during
intense contact with an opponent [28,29].

Martins et al. [30], studying judo athletes, point out that the length of lateral sway in the X-RMS
and Y-RMS planes depends on improved muscle tone, which reduces muscle fatigue during activity
in a shorter time. In addition, all central stabilising muscles are deep, single-joint and have segmental
attachments that are involuntarily activated 30-50ms before voluntary limb movement. This allows
for the regulation of the torso posture and maintenance of the lumbar spine in a neutral position,
regardless of the load and direction of movement, ensuring more harmonious limb movement with
minimal energy expenditure.

Recommendations for sports

Coaches should therefore base their training on a diagnosis of specific needs: light competitors
should focus on lateral control without the use of vision, medium competitors on unilateral balance
in the front-back plane, and heavy competitors on general proprioception in conditions of impaired

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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vision. Thanks to this differentiated approach, it is possible to optimally support the development of
postural abilities in each weight category, which will ultimately contribute to improving effectiveness
in combat on the mat. It is indicated that an 8-week training programme is sufficient to effectively
improve the balance of competitors, with 2 sessions per week, lasting approximately 45 minutes [31].
In the future, it would be reasonable to conduct studies differentiating the parameters examined
depending on the presented level of athleticism, as was done by Moran-Navarro et al. [32]. Such
studies may shed new light on the understanding of how the level of athleticism, also depending on
the weight category in which the subjects compete, affects the management of individual parameters
of balance.

Limitations of the study

The training phase of the athletes may have influenced the results obtained. To avoid the
influence of fatigue and other stress factors that occur during the competition season, a similar study
should be conducted before and/or after the season to compare the results.

In addition, due to the fact that the study was conducted with such a specialised group of
athletes, the sample size was relatively small. A good alternative would be a multicentre study
involving a larger group of athletes.

5. Conclusions

The limitation of visual information weakens the ability of middleweight and lightweight
competitors to maintain balance in relation to heavyweight wrestlers.

The lower speed of sways developed with limited support and full visual control by lighter
weight category competitors, compared to heavier ones, seems to indicate the key role of body weight
in maintaining stability.

From a sports perspective, balance training on the right leg with eyes open can be a sensitive
diagnostic test, highlighting differences in stability levels between weight groups. At the same time,
it points to the need to develop stability while eliminating visual compensation in order to even out
these differences in competitive sports.
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