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Abstract
Background 
and Study Aim

Maintaining postural stability is a component of motor fitness and a prerequisite for the safe and 
effective performance of military tasks. Various forms of military training are used to develop 
physical preparedness and functional performance in cadets. However, their effectiveness in 
improving postural control and static balance ability during long-term standardized training 
remains a subject of practical interest. The aim of this study was to examine the effects of a six-
month standardized military training programme on selected parameters of postural stability in 
cadets at a military academy.

Material and 
Methods

The study included 38 cadets from the Military University of Technology (Poland). Postural stability 
was assessed twice at a six-month interval using the Romberg test performed on the FreeSTEP 
STANDARD stabilometric platform. Measurements included double-leg stance (eyes open/
eyes closed) and single-leg stance on both limbs. Analyzed center of pressure (CoP) parameters 
comprised total path length (PL), confidence ellipse area (CEA), mean velocity (MV), and root mean 
square sway amplitudes in the mediolateral (X-RMS) and anteroposterior (Y-RMS) directions. Due 
to the non-normal data distribution, the Wilcoxon signed-rank test and effect size coefficient r 
were used.

Results No statistically significant changes were observed in any parameter during double-leg stance. 
Conversely, single-leg tests showed significant differences between eyes-open and eyes-closed 
conditions (p < .005), confirming the strong contribution of visual input to balance control. However, 
the six-month training period did not yield consistent improvements in single-leg stability. Partial 
enhancements were observed for the right leg, particularly under EC conditions. However, these 
changes were selective and not uniform across parameters or limbs.

Conclusions Standardized military training did not lead to systematic improvements in postural control among 
cadets. Single-leg stance tests demonstrated greater sensitivity to balance changes than double-
leg stance. The findings suggest that enhancing postural stability in future soldiers may require 
the incorporation of targeted proprioceptive and sensorimotor exercises into the existing military 
training curriculum.
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Introduction
Efficient execution of military tasks requires 

a high level of physical preparedness and motor 
coordination. One of the components influencing 
movement efficiency and operational safety is the 
ability to maintain postural stability under various 
environmental and functional conditions. Balance 
control depends on the integration of visual, 
vestibular, and proprioceptive inputs, as well as on 
the effectiveness of neuromuscular regulation. In 
military training, cadets are exposed to repeated 
physical loads and demanding motor activities 
that may affect the mechanisms responsible for 
maintaining static balance and body control.

In this context, the ability to maintain balance 
is one of the elements of motor fitness that 
determines both the effectiveness of performing 
motor tasks and the safety of activities in various 
environmental conditions. Maintaining stability 
requires not only adequate physical condition but 
also coordinated interaction between the nervous 
and muscular systems [1, 2]. Maintaining balance is 
a complex process in which the nervous, muscular, 
and skeletal systems play important roles. Through 
the integration of sensory information and the 
execution of motor responses, these systems enable 
effective posture maintenance and counteract 
disturbances that may impair body stability [3].

In sensory processes, information from the visual, 
vestibular, and somatosensory systems provides 
the data necessary for the ongoing correction of 
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body position. Proprioception enables precise 
monitoring of muscle length and tension, the range 
and direction of joint movements, and the action 
of external forces. Signals from muscle spindles, 
Golgi organs, and skin mechanoreceptors are 
integrated in the central nervous system and used 
to generate feedforward and feedback responses. 
These responses allow quick and adequate reactions 
to changing conditions [4]. Disorders in the 
functioning of any element of this system can lead 
to deterioration in postural stability and increase 
the risk of falls and injuries [5, 6]. Furthermore, 
fatigue negatively affects vestibular function, which 
is manifested by deterioration in balance test results 
as the exercise load increases [7, 8].

Soldiers and uniformed service officers perform 
tasks in variable and often difficult terrain under 
heavy physical strain, which requires maintaining 
a high level of balance [9]. An additional factor 
affecting stability is the need to carry weapons and 
personal equipment, which increases the physical 
load and raises the risk of loss of balance, falls, 
and injuries [10, 11, 12, 13]. Such injuries may 
temporarily prevent soldiers from performing 
their duties, which constitutes a significant 
organizational and tactical problem under training 
and operational conditions.

High balance efficiency is required not only of 
land force soldiers but also of military pilots, for 
whom postural stability, spatial orientation, and 
resistance to sensory disturbances are essential. 
Studies conducted using Special Aviation Gymnastic 
Instruments have confirmed that appropriately 
selected training can improve these abilities and 
increase the preparedness of military pilots to 
perform tasks in the air [14, 15, 16].

In Poland, Tomczak and colleagues [17] 
contributed to the assessment of soldiers’ balance 
under conditions of physical exertion and sleep 
deprivation. Studies conducted during survival 
training (SERE) showed that even 24 hours of 
moderate and prolonged physical exertion combined 
with sleep deprivation led to deterioration in the 
ability to maintain balance [18]. It was also found 
that special forces operators performed better in 
stability tests than soldiers from other formations. 
In addition, military pilots with many years of 
experience tolerated balance disturbances better 
than cadets at flight schools. The negative effect 
of sleep deprivation on postural stability was also 
confirmed by Mantua et al. [19]. At the same time, 
studies showed that prolonged physical exertion 
reduced shooting accuracy, which emphasizes the 
role of postural control in the performance of basic 
combat tasks [20].

Among the studies conducted in the Polish 
armed forces using the Romberg test are those by 
Dziadek et al. [12], which assessed the impact of 
combat equipment on balance and the role of visual 

stimuli in the postural control of special forces 
operators.

Previous research on postural stability in military 
and paramilitary populations has predominantly 
been cross-sectional or has focused on short-
term responses to exercise, sleep deprivation, or 
stressors. In these studies, the ability to maintain 
balance was most often assessed on a single 
occasion or at intervals of several hours or days, 
with emphasis placed on the immediate effects of 
fatigue rather than on long-term adaptive processes 
[17, 18, 19]. Similarly, studies involving special forces 
operators or military pilots were mainly based on 
intergroup comparisons according to experience or 
specialization, without systematic observation of 
changes over time [12, 15].

Analysis of previous studies has shown that 
postural stability in military personnel is influenced 
by physical exertion, sleep deprivation, combat 
equipment, and the specificity of operational tasks. 
Researchers emphasize that balance control is 
closely related to operational safety, movement 
efficiency, and the ability to perform motor tasks 
under demanding environmental conditions. At 
the same time, the dynamics of changes in postural 
stability during prolonged and standardized military 
training remain a relevant issue in the assessment of 
motor adaptation in cadets. This aspect continues to 
limit the evaluation of how routine military training 
influences long-term balance control and postural 
regulation.

Additionally, previous longitudinal observations 
in military populations have usually covered 
relatively short training periods and were primarily 
focused on early adaptive or transient responses 
to physical stress. Most studies also involved 
specialized military groups, whereas the period 
of military education represents a separate stage 
associated with the development of motor skills and 
functional adaptation in future soldiers. At the same 
time, longitudinal assessment of postural stability 
during a full military training cycle may provide 
additional information on balance adaptation under 
conditions of repetitive physical load, fatigue, and 
standardized training activities. The relationship 
between routine military training and changes in 
postural control therefore remains a relevant aspect 
in the evaluation of functional preparedness in 
cadets.

The aim of this study was to assess the impact 
of a six-month standardized military training 
programme on selected parameters of postural 
stability in cadets. It was hypothesized that 
prolonged military training, despite the absence of 
specialized balance exercises, would lead to adaptive 
changes in postural control. However, these changes 
were expected to be selective and dependent on 
sensory system load and physical fatigue.
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Materials and Methods
Participants
The study involved 38 cadets from the Military 

University of Technology (WAT) studying computer 
science, mechatronics, and electronics. The mean 
height of the study group was 181.37 cm (SD = 
11.34), whilst the mean body weight was 83.27 kg 
(SD = 6.24). The participants also included cadets 
actively training at the WAT sports club in football 
(n = 5), judo (n = 2), boxing (n = 2), and athletics (n = 
2). In addition, 10 participants reported engaging in 
strength training for recreational purposes, whilst 4 
actively participated in mountain tourism activities, 
including hiking and mountain running. The 
remaining cadets undertook only the compulsory 
military training programme and physical education 
classes.

Recruitment for the study was targeted and 
voluntary. Information about the study was provided 
to cadets during lectures at the Military University 
of Technology. Participants volunteered to take 
part of their own accord without any financial or 
organizational incentives. Before the study began, 
each cadet received detailed information about the 
purpose of the study, the measurement procedures, 
the nature of the Romberg test, and the operation of 
the stabilometric platform.

The inclusion criteria for the study were as 
follows: active cadet status at the Military University 
of Technology, participation in the compulsory 
military training programme and physical education 
classes, no medical contraindications to performing 
balance tests, and the provision of voluntary written 
consent to participate in the study.

The exclusion criteria for the study were as 
follows: injuries or musculoskeletal conditions 
sustained within the previous 6 months that could 
affect postural control (e.g. ankle sprains, knee 
injuries, or spinal injuries), diagnosed neurological 
or vestibular disorders, significant uncorrected visual 
impairments, or the use of medication affecting 
the nervous system or balance (e.g. sedatives or 

anti-epileptic drugs). Refusal to participate in the 
study or failure to complete the full measurement 
procedure also resulted in exclusion.

The study participants provided written consent 
to participate in the project in accordance with the 
principles of the Declaration of Helsinki. They were 
informed that they could withdraw from the study 
at any stage without giving a reason and without 
facing any academic or professional consequences. 
The research procedures were non-invasive and 
posed no risk to the participants’ health.

Training programme
In accordance with the five-year study programme 

of the Military University of Technology [21], cadets 
undertake a total of 580 hours of physical education 
in the form of practical exercises. The aim of this 
training is to provide comprehensive physical and 
mental preparation for future soldiers, enabling them 
to operate effectively both in combat conditions and 
during peacetime service. This process involves the 
development of motor skills, the building of mental 
resilience, and the acquisition of skills required to 
perform military tasks.

During the study period, the cadets participated 
each semester in one 8-hour general military 
training session per week and two physical education 
sessions per week, each lasting 90 minutes. The 
exercise programme is presented in Table 1.

The study was conducted over two consecutive 
semesters, which made it possible to assess changes 
in balance ability over time within the context of a 
standardized military training programme.

Study design
The assessment of the balance abilities of fourth-

year cadets at the Military University of Technology 
was based on the results of Romberg tests performed 
on the freeSTEP STANDARD stabilometric platform 
(FreeMED BASE, Poland). The tests were planned 
and conducted in accordance with applicable ethical 
standards. The study was approved by the Research 
Bioethics Commission of the University of Physical 
Education in Warsaw (No. SKE.0030.5.2026).

Table 1. The topics covered in physical education lessons and the number of hours allocated to them

No. Course topics Number of 
hours

1 Cross-country running and specialized obstacle course training 214

2 Gymnastics and strength training 124

3 Hand-to-hand combat 64

4 Swimming and water rescue 64

5 Volleyball 24

6 Basketball 24

7 Football 30

8 Theory of physical education, practical sessions in various sports and recreational activities, and 
tests 36
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Before the study commenced, detailed 
documentation, including the study protocol, was 
prepared. Participants were informed about the 
purpose of the study, the methods used, and the 
possible risks associated with participation in the 
study.

Test of balance ability
All tests were performed barefoot, with 

participants standing directly on the stabilometric 
platform. During double-leg stance trials, the feet 
were positioned parallel at hip-width distance 
(approximately 10–12 cm between the medial 
borders of the feet), with the toes pointing forward at 
an angle not exceeding 10° of external rotation. Foot 
placement was visually checked and standardized 
using reference markings on the platform surface.

During single-leg stance trials, participants were 
asked to stand on the dominant leg, with the right 
and left legs tested separately. The non-supporting 
limb was flexed at the knee joint to approximately 
90° and held off the ground without contacting the 
supporting leg. Arm position was identical to that 
used during the double-leg stance.

Test procedure
The stabilometric assessment was conducted 

according to a standardized Romberg test and 
included the following conditions:
	- double-leg stance with eyes open (EO) – 30 s; 
	- double-leg stance with eyes closed (EC) – 30 s; 
	- single-leg stance on the right leg with eyes open 

(EO) – 10 s; 
	- single-leg stance on the right leg with eyes closed 

(EC) – 10 s; 
	- single-leg stance on the left leg with eyes open 

(EO) – 10 s; 
	- single-leg stance on the left leg with eyes closed 

(EC) – 10 s. 
Each condition was performed once as a single 

valid trial, provided that the participant maintained 
balance for the entire recording duration without 
foot displacement, stepping, or contact of the non-
supporting limb with the ground. If balance was lost 
during a trial, the attempt was repeated after a rest 
period.

A rest interval of at least 60 seconds was provided 
between consecutive trials to minimize fatigue 
effects.

For eyes-open conditions, participants were 
instructed to fix their gaze on a static visual target 
placed at eye level approximately 2 m in front 
of the platform. During eyes-closed conditions, 
participants closed their eyes immediately before 
the recording started.

Outcome measures
The following stabilometric parameters 

reflecting the magnitude and dynamics of CoP 
displacement were analyzed:

	- total path length (PL) of the CoP (mm); 
	- confidence ellipse area (CEA) (mm²), defined 

as the smallest ellipse covering 95% of CoP 
positions; 

	- mean velocity (MV) of CoP displacement 
(mm·s⁻¹); 

	- root mean square amplitude in the mediolateral 
direction (X-RMS) (mm); 

	- root mean square amplitude in the anteroposterior 
direction (Y-RMS) (mm). 
All parameters were calculated automatically 

by the FreeSTEP software according to the 
manufacturer’s algorithms and exported for further 
statistical analysis.

Statistical analysis
Statistical analyses were performed using 

appropriate non-parametric methods due to the 
characteristics of the data and the study design. 
The normality of the distribution of stabilometric 
parameters was assessed using the Shapiro–Wilk 
test (α = .05). The analysis revealed that most 
variables describing the range of center of pressure 
(CoP) displacement deviated significantly from a 
normal distribution. Therefore, non-parametric 
statistical procedures were applied.

Because the study involved repeated 
measurements within the same group of participants, 
including comparisons of values obtained before 
and after the training period as well as comparisons 
between test conditions such as eyes-open versus 
eyes-closed, differences between paired observations 
were analyzed using the Wilcoxon signed-rank test. 
This test is appropriate for dependent samples 
and does not require assumptions of normality or 
homogeneity of variance, making it suitable for the 
analysis of stabilometric data.

All statistical tests were two-tailed, and the level 
of statistical significance was set at p < .05.

Effect size estimation
To complement statistical significance testing 

and assess the practical relevance of the observed 
differences, the magnitude of effects was calculated 
using the effect size coefficient r, recommended for 
non-parametric paired comparisons based on the 
Wilcoxon signed-rank test. The magnitude of the 
effect was interpreted according to Cohen’s criteria: 

r ≈ .10 – small effect;  
r ≈ .30 – medium effect; 
r ≥ .50 – large effect. 
Reporting both p-values and effect size 

coefficients allows a more comprehensive 
interpretation of the results by providing 
information on both the statistical and practical 
significance of the observed changes in postural 
stability parameters.

All analyses were performed using STATISTICA 
software (TIBCO Software Inc., 2017), version 13.
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Results
In the double-leg standing test, no statistically 

significant differences were observed between the 
first and second measurements for most of the 
analyzed stabilometric parameters under both eyes-
open (EO) and eyes-closed (EC) conditions (Table 2).

The total length of the center of pressure trajectory 
(PL) increased in the second measurement under 
both visual conditions. However, these changes did 
not reach statistical significance (EO: p = .253; EC: 
p = .530) and were characterized by a small effect 
size (r = .11 for EO; r = .06 for EC). A similar pattern 
was observed for the confidence ellipse area (CEA). 
The increase in values in the second measurement 
was not statistically significant in either the EO (p = 
.310; r = .10) or EC (p = .952; r = .30) conditions.

For the mean velocity of the center of pressure 
(MV), a statistically significant increase was 
observed under EO conditions between the first and 

second measurements (p = .048), with a small effect 
size (r = .13). Under EC conditions, changes in MV 
were not statistically significant (p = .609; r = .05).

Analysis of the amplitude of lateral sway (X-RMS) 
revealed a significant increase in values between the 
first and second measurements under both EO (p = 
.014) and EC (p = .004) conditions. The effect size 
for this parameter was moderate (EO: r = .35; EC: r 
= .37), indicating deterioration in stability control in 
the frontal plane following the training period.

No statistically significant changes were 
observed in the amplitude of anteroposterior sway 
(Y-RMS) between measurements under either EO 
conditions (p = .054; r = .27) or EC conditions (p = 
.507; r = .09), despite an upward trend observed in 
the second measurement.

Analysis of the results of stabilometric tests 
during the single-leg standing test on the right 
leg revealed significant changes in postural 
control parameters between the first and second 

Table 2. Results of stabilometric tests in a group of WAT cadets (n = 38) during double-leg stance under 
eyes-open (EO) and eyes-closed (EC) conditions.

Stabilometric variables First measurement Second measurement Effect size (r) p-value

PL (mm)

EO 61.54 ± 112.79 106.24 ± 224.28 .11 .253

EC 58.96 ± 91.64 82.24 ± 123.93 .06 .530

Effect size (r) .11 .02

p-value .107 .595

CEA (mm²)

EO 144.42 ± 81.80 170.02 ± 70.12 .10 .310

EC 178.48 ± 96.17 200.95 ± 82.93 .30 .952

Effect size (r) .05 .04

p-value .137 .067

MV (mm/s)

EO 5.04 ± 2.92 6.07 ± 2.55 .13 .226

EC 5.83 ± 3.25 6.77 ± 2.85 .05 .609

Effect size (r) .13 .24

p-value .048* .257

X-RMS (mm)

EO .20 ± .11 .29 ± .12 .35 .014

EC .42 ± .35 .56 ± .42 .37 .004**

Effect size (r) .07 .11

p-value .076 .028*

Y-RMS (mm)

EO .15 ± .10 .23 ± .10 .27 .054

EC .31 ± .23 .41 ± .38 .09 .507

Effect size (r) .29 .17

p-value .091 .160
NOTE: EO – eyes open; EC – eyes closed; PL – total path length; CEA – confidence ellipse area; MV – mean 
velocity; X-RMS – root mean square amplitude in the mediolateral direction; Y-RMS – root mean square 
amplitude in the anteroposterior direction; * p < .05; ** p < .005.
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measurements, particularly under conditions of 
visual exclusion (VE) (Table 3).

The total length of the center of pressure 
trajectory (PL) was significantly reduced in the 
second measurement under both EO (p = .007) and 
EC (p = .011) conditions. The effect size indicated 
a medium effect under EO conditions (r = .28) and 
a medium-to-large effect under EC conditions (r = 
.37), suggesting improvement in postural stability 
following the training period, which was more 
pronounced in the absence of visual information.

For the confidence ellipse area (CEA), a downward 
trend was observed under both visual conditions. 
However, the differences between measurements 
did not reach statistical significance (EO: p = .086; 
EC: p = .087), with a small-to-moderate effect size (r 
= .18–.25). At the same time, significant differences 
were found between EO and EC conditions in both 
the first (p = .042) and second measurements (p = 
.002).

The mean velocity of the center of pressure (MV) 
decreased significantly under EC conditions (p = 
.015), with a moderate effect size (r = .25), whereas 
under EO conditions these changes were not 
statistically significant (p = .387; r = .09). Differences 
between the visual conditions were significant both 
before and after training (p < .001).

Analysis of the amplitude of lateral sway 
(X-RMS) revealed no significant differences between 
measurements under EO conditions (p = .897; r = 
.014). However, under EC conditions, a statistically 
significant reduction in X-RMS values was observed 
(p < .001), with a small-to-moderate effect size (r = 
.058). Differences between EO and EC conditions 
were significant in both the first (p = .031) and 
second measurements (p = .006).

No significant changes were observed in the 
amplitude of anteroposterior sway (Y-RMS) between 
measurements under EO conditions (p = .508; r = 
.07). Under EC conditions, however, a significant 

Table 3. Results of stabilometric tests in a group of WAT cadets (n = 38) during single-leg stance on the right 
leg under eyes-open (EO) and eyes-closed (EC) conditions.

Stabilometric variables First measurement Second measurement Effect size (r) p-value

PL (mm)

EO 6248.656 ± 268.434 5813.61 ± 2349.48 .28 .007*

EC 26012.545 ± 37097.94 1515.90 ± 28313.04 .37 .011*

Effect size (r) .23 .19

p-value .000** .000**

CEA (mm²)

EO 575.53 ± 769.03 418.39 ± 526.09 .18 .086

EC 1124.54 ± 624.80 974.74 ± 571.30 .25 .087

Effect size (r) .14 .15

p-value .042** .002**

MV (mm/s)

EO 44.59 ± 69.38 32.21 ± 50.46 .09 .387

EC 100.94 ± 59.46 86.32 ± 56.33 .25 .015*

Effect size (r) .34 .31

p-value .000** .000**

X-RMS (mm)

EO 10.55 ± 12.53 8.12 ± 11.13 .014 .897

EC 13.23 ± 9.82 6.28 ± 2.35 .058 .000**

Effect size (r) .15 .14

p-value .031* .006*

Y-RMS (mm)

EO 5.14 ± 8.03 7.06 ± 9.57 .07 .508

EC 9.58 ± 7.22 4.52 ± 3.96 .29 .007*

Effect size (r) .15 .14

p-value .035* .004**
NOTE: EO – eyes open; EC – eyes closed; PL – total path length; CEA – confidence ellipse area; MV – mean 
velocity; X-RMS – root mean square amplitude in the mediolateral direction; Y-RMS – root mean square 
amplitude in the anteroposterior direction; * p < .05; ** p < .005.
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reduction in values was noted in the second 
measurement (p = .007), with a moderate effect size 
(r = .29). Differences between the visual conditions 
were significant in both measurements (p < .01).

In the single-leg standing test on the left lower 
limb, less pronounced changes were observed 
between measurements, whilst significant 
differences between EO and EC conditions were 
maintained (Table 4).

No significant changes were observed for 
the PL parameter between the first and second 
measurements under either EO conditions (p = .249; 
r = .12) or EC conditions (p = .059; r = .20), although 
an upward trend was observed under EC conditions. 
At the same time, differences between the visual 
conditions were significant both before and after 
training (p < .001), with a moderate effect size (r ≈ 
.22–.24).

The confidence ellipse area (CEA) showed no 
significant changes between measurements under 

EO conditions (p = .146; r = .21) or EC conditions 
(p = .886; r = .02). However, differences between 
EO and EC conditions were significant in both 
measurements (p ≤ .017), confirming a greater load 
on the postural control system under conditions of 
visual deprivation.

For mean sway velocity (MV), no significant 
changes were observed between measurements 
under either EO conditions (p = .074; r = .19) or 
EC conditions (p = .995; r = .00). At the same time, 
differences between EO and EC conditions were 
significant in both measurements (p < .001), with a 
medium-to-large effect size (r = .37–.40).

The X-RMS analysis revealed no significant 
differences between measurements under either 
visual condition (EO: p = .437; EC: p = .987), with 
very small effects (r ≤ .10). Differences between 
EO and EC conditions were significant only in the 
second measurement (p = .043).

With regard to Y-RMS, a significant increase 

Table 4. Results of stabilometric tests in a group of WAT cadets (n = 38) during single-leg stance on the left 
leg under eyes-open (EO) and eyes-closed (EC) conditions.

Stabilometric variables First measurement Second measurement Effect size (r) p-value

PL (mm)

EO 322.93 ± 292.98 445.74 ± 622.85 .12 .249

EC 7867.78 ± 1470.36 9096.25 ± 2604.60 .20 .059

Effect size (r) .24 .22

p-value .000** .000**

CEA (mm²)

EO 289.78 ± 86.02 312.99 ± 106.54 .21 .146

EC 965.93 ± 774.62 983.79 ± 715.87 .02 .886

Effect size (r) .16 .19

p-value .017* .000**

MV (mm/s)

EO 20.22 ± 6.04 21.81 ± 9.37 .19 .074

EC 90.00 ± 76.81 90.80 ± 71.75 .00 .995

Effect size (r) .37 .40

p-value .000** .000**

X-RMS (mm)

EO 5.54 ± 3.05 6.21 ± 2.68 .08 .437

EC 7.95 ± 8.99 9.92 ± 8.66 .01 .987

Effect size (r) .03 .10

p-value .582 .043*

Y-RMS (mm)

EO 1.18 ± .68 5.94 ± 2.78 .43 .003**

EC 5.99 ± 5.87 7.34 ± 7.24 .04 .685

Effect size (r) .19 .03

p-value .008* .524
NOTE: EO – eyes open; EC – eyes closed; PL – total path length; CEA – confidence ellipse area; MV – mean 
velocity; X-RMS – root mean square amplitude in the mediolateral direction; Y-RMS – root mean square 
amplitude in the anteroposterior direction; * p < .05; ** p < .005.
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in the amplitude of sway was observed under EO 
conditions in the second measurement (p = .003), 
with a large effect size (r = .43). Under EC conditions, 
however, the changes were not statistically 
significant (p = .685; r = .04). Differences between 
the visual conditions were significant only in the 
first measurement (p = .008).

Discussion
The aim of this study was to assess the impact of 

six months’ military training on the static balance 
of cadets. The obtained results indicate that no 
statistically significant changes were observed in 
any of the analyzed parameters during bipedal trials 
under either eyes-open (EO) or eyes-closed (EC) 
conditions. At the same time, the effect size values (r 
= .05–.37) confirm that the six-month training cycle 
did not significantly influence postural stability in 
this position. This finding is consistent with the 
literature, which states that bipedal tests are low-
demand tasks and insufficiently sensitive to detect 
subtle adaptive changes in young, physically active 
individuals [4]. In populations such as military 
personnel, efficiently functioning proprioceptive, 
vestibular, and visual systems can effectively 
compensate for minor balance disturbances, 
making the bipedal stance an insufficient diagnostic 
challenge.

Different results were observed in single-leg 
trials, which are characterized by a higher level of 
difficulty and greater demand for precise sensory 
integration. For both the right and left limbs, 
statistically significant differences between EO 
and EC conditions were found (p < .001), with r 
values ranging from .14 to .34, indicating moderate 
to strong effect sizes. These findings confirm the 
dominant role of vision in maintaining stability 
under conditions of increased proprioceptive load. 
Similar observations regarding the role of sensory 
integration and visual control in maintaining 
postural stability were reported by Kamieniarz 
et al. [22]. These mechanisms correspond with 
postural control models described in the literature 
[3, 23]. Eliminating visual information substantially 
increases the demands placed on the somatosensory 
system. This becomes particularly evident in single-
leg tasks.

The lack of differences between measurements 
taken before and after six months of training, both 
under EO and EC conditions, suggests that the 
standard military education programme does not 
significantly influence the development of postural 
control in tasks requiring high sensorimotor 
precision. These results are consistent with reports 
indicating that adaptations in single-leg balance 
control require specific training stimuli, such as 
exercises on unstable surfaces, precision tasks, and 
varied proprioceptive loads [5]. Traditional military 
training, however, focuses primarily on strength, 

endurance, and tactical skills, with limited emphasis 
on targeted balance training.

The single-leg tests conducted also confirm the 
role of sensory integration under conditions of 
limited visual input. Similar effects were reported by 
Tomczak [17] and Mantua et al. [19], who noted that 
postural control becomes particularly sensitive to 
sensory disturbances, fatigue, or sleep deprivation 
when the motor task is more demanding. The results 
of the present study confirm the typical pattern of 
dependence on visual information, which did not 
change as a result of training. This further supports 
the absence of adaptations within sensory balance 
control mechanisms.

A review of the literature indicates that soldiers’ 
balance is largely determined by external load, 
both in terms of mass and equipment distribution. 
Studies by Schiffmann et al. [24] showed that 
additional equipment, even of low mass (e.g. 6 kg), 
leads to a linear increase in postural sway, including 
CoP path length and sway area. Similar results were 
reported for heavier loads ranging from 16 kg to 55 
kg, which significantly increased the amplitude of 
movements in both the sagittal and frontal planes. 
Research by Loverro [10], Park [25], and Dziadek 
[12] additionally emphasizes that not only mass 
but also the distribution of the center of gravity 
affects postural stability. Shifting the center of mass 
forward or backward forces changes in postural 
control strategies and increases sway.

Muscle fatigue and prolonged exertion are also 
factors that impair postural stability. Fonseca et al. 
[26] demonstrated that heavy load (approx. 27 kg) 
significantly worsens stability, and Chander [27] 
noted that this effect becomes more pronounced 
under cumulative fatigue. Heller et al. [28] found 
that an 18-kg backpack significantly increases CoP 
sway parameters, confirming the direct influence of 
load on deterioration in postural control. Increased 
demands on the muscular system under heavy loads 
highlight the importance of maintaining a high level 
of physical fitness, as also emphasized by Nagai et 
al. [29].

The observed differences between EO and 
EC conditions confirm proper functioning of the 
balance system in the studied group. Both before 
and after training, stability clearly deteriorated 
when the eyes were closed, confirming typical 
sensory compensation mechanisms. The lack of 
changes in this pattern after six months of training 
indicates that the standard programme did not 
affect the reorganization or improvement of sensory 
integration.

Despite the absence of significant changes 
in the bipedal and single-leg results, the study 
confirmed the role of vision in maintaining stability, 
particularly under demanding single-leg conditions. 
The results also indicate that, to improve the 
postural stability of future soldiers, the training 
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programme should be supplemented with targeted 
sensorimotor and proprioceptive exercises. Such 
exercises may enhance the effectiveness and safety 
of tactical tasks, particularly under equipment load 
and varied terrain conditions.

Limitations of the study and future research
The adopted approach did not involve 

modification of the measurement protocol or 
extension of the procedure to include additional 
and more demanding test conditions. Consequently, 
the obtained results reflect routine postural 
stability assessment, which may limit the detection 
of subtle neuromuscular and sensory adaptations, 
particularly in a population of young, physically 
fit, military-trained individuals. The absence of 
complex environmental and task-related stimuli 
may also have contributed to the low sensitivity 
of the double-leg tests and some single-leg trials 
to changes associated with the standard training 
programme.

In future studies, the methodology could be 
extended by introducing measurement conditions 
that better reflect the actual demands of military 
service.

The tests were conducted during autumn and 
spring. During this period, due to weather conditions, 
cadets did not participate in outdoor training at 
the physical fitness center on the 200-m obstacle 
course or the 500-m military pentathlon obstacle 
course. Exercises performed on these facilities 
may contribute to improved balance. The present 

study was conducted during a period when physical 
education classes mainly included gymnastics and 
strength training, hand-to-hand combat, swimming, 
and team games such as basketball and volleyball.

Conclusions
Single-leg tests are characterized by greater 

sensitivity to changes in postural control than 
double-leg standing tests. Improvement in stability 
following the training period was particularly 
pronounced for the right lower limb, especially 
under conditions without visual control, as 
confirmed by statistical significance and moderate-
to-high correlation coefficients. For the left limb, 
the changes were more varied and less directly 
related to comparisons between measurements.

Longer-term studies or observations, for 
example over periods of 12–24 months, are needed 
to determine whether military training conducted 
at the Military University of Technology (WAT) 
under the standard curriculum contributes to 
improvement in balance.
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