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Modern combat aircraŌ  increase the psychophysiological demands placed on pilots. This 
necessitates conƟ nuous improvement of methods for assessing fi tness for fl ight duty, 
supported by specialized fl ight simulators.

One such simulator, developed with the parƟ cipaƟ on of the Military InsƟ tute of AviaƟ on 
Medicine, is the staƟ onary fl ight simulator named SymuLBNP. 

In the presented study, a criterion of 10% threshold was proposed for evaluaƟ ng the 
symmetry of lower limb pressure force on the rudder pedals of the diagnosƟ c and training 
stand for AnƟ -G maneuver training, which may be applied in future research using the 
SymuLBNP simulator.

The aim of the study was to evaluate the symmetry of lower limb pressure force on the 
rudder pedals of the diagnosƟ c and training stand for AnƟ -G maneuver training, recorded 
during scheduled pilot training in aviaƟ on medicine, as a factor potenƟ ally infl uencing the 
results of measuring lower limb pressure force on the rudder pedals of the SymuLBNP 
simulator.

The study uƟ lized pressure force measurement data on the rudder pedals of the diagnosƟ c 
and training stand, recorded during rouƟ ne pilot training in aviaƟ on medicine. 

The staƟ sƟ cal analysis was conducted on the measurement results of a group of 258 men 
aged 18 to 25 years. Diff erences between the pressure force exerted by the leŌ  lower 
limb and the right lower limb were examined.
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skeletal muscle tension and intrathoracic pressure. 
This enables the sustained maintenance of arterial 
blood pressure at the level of the head, thus en-
suring conƟ nuous cerebral blood fl ow during the 
exposure to high-magnitude G-forces.

The training in correct AGSM execuƟ on is con-
ducted during pilot instrucƟ on in aviaƟ on medicine 
at the Military InsƟ tute of AviaƟ on Medicine, us-
ing a diagnosƟ c and training stand for AnƟ -G ma-
neuver training, followed by training in the human 
centrifuge a dynamic fl ight simulator generaƟ ng 
acceleraƟ ons similar in character and magnitude to 
those encountered during actual aircraŌ  fl ight [18]. 

AGSM learning and training with the use of the di-
agnosƟ c and training stand which enables measure-
ment of lower limb pressure force on two immobile 
rudder pedals includes the following components:
a) execuƟ on by the pilot, while seated in the di-

agnosƟ c and training stand, of a diagnosƟ c test 
of maximal muscle strength (Maximal Volun-
tary ContracƟ on, MVC) exerted with the feet 
on the rudder pedals. The purpose of this test 
is to familiarize the pilot with the measurement 
result of their own maximal force, aiding in self-
assessment of strength capacity. The MVC test 
enables the determinaƟ on of a reference force 
value for evaluaƟ ng physical eff ort during sub-
sequent training stages,

b) familiarizaƟ on of the pilot with perceived exer-
Ɵ on and accompanying faƟ gue during an exer-
cise of exerƟ ng pressure on the rudder pedals 
with force equal to 70% of MVC. The aim of this 
exercise is to allow the pilot to assess the per-
ceived diff erence in exerƟ on intensity relaƟ ve 
to that experienced during the MVC test,

c) execuƟ on by the pilot, at the diagnosƟ c and 
training stand, of respiratory component train-
ing of the AnƟ -G maneuver, combined with an 
exercise involving foot pressure on the rud-
der pedals with a force specifi ed in the train-

INTRODUCTION

Since December 1903, when the Wright broth-
ers performed the fi rst controlled powered fl ight 
[15], aircraŌ  have been built that achieve record-
breaking speeds and acceleraƟ ons [1]. However, it 
turned out that the human body is not adapted to 
tolerate high-magnitude acceleraƟ ons sustained 
over extended periods [14]. This issue primarily 
aff ects military aircraŌ  pilots, who must endure 
acceleraƟ ons many Ɵ mes greater than the force 
of gravity, lasƟ ng from several to over a dozen sec-
onds [9]. The acceleraƟ on value divided by the ac-
celeraƟ on due to gravity defi nes the “G” load. 

The eff ects of G-forces on the human body de-
pend on their magnitude, duraƟ on, and direcƟ on 
of acƟ on. The human circulatory system is parƟ cu-
larly vulnerable to G-forces acƟ ng along the body’s 
longitudinal axis, defi ned as the “head-to-foot” 
direcƟ on. The most common eff ect of G-forces 
on the circulatory system is the cessaƟ on of cer-
ebral circulaƟ on, leading to G-force induced Loss 
of Consciousness (G-LOC). An insuffi  cient supply 
of oxygenated blood to the head results in distur-
bances and potenƟ ally cessaƟ on of the funcƟ ons 
of the visual system and the brain. 

One way to reduce the impact of G-forces on the 
pilot’s body is to increase intrathoracic pressure, 
while simultaneously invoking isometric tension 
of the major muscle groups of the lower limbs, ab-
dominal muscles, and shoulder girdle muscles [19]. 
Both of these mechanisms are referred to as the 
AnƟ -G Straining Maneuver (AGSM). The respirato-
ry component of the AGSM resembles the perfor-
mance of the Valsalva maneuver, which involves in-
creasing thoracic pressure by aƩ empƟ ng to exhale 
with a closed gloƫ  s [9,26]. A correctly performed 
AGSM allows for an average increase in G-toler-
ance of approximately 1 to 2 Gz  [28].

In the process of learning and training the execu-
Ɵ on of AGSM, it is essenƟ al for the pilot to acquire 
and consolidate the ability to properly regulate 

The analysis of the lower limb pressure force measurements on the pedals of the diagnosƟ c 
and training stand revealed a staƟ sƟ cally signifi cant (p = 0.05) asymmetry in the pressure 
force applied to the rudder pedals by the lower limbs.

Based on the analysis of addiƟ onal parameters describing the obtained results, a criterion 
was adopted staƟ ng that if the value of the symmetry index does not exceed 10%, it can be 
assumed that the pressure forces exerted by the pilot on the rudder pedals with the leŌ  
and right lower limbs are symmetrical and will not signifi cantly aff ect the assessment of 
the muscular component of the AnƟ -G maneuver performed on the SymuLBNP simulator. 

aviaƟ on medicine, LBNP, AGSM, muscle strength symmetry, loading symmetry indexKeywords: 

Results: 
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axis perpendicular to the fl oor of the simulator 
cabin, allowing the pedals to move forward and 
backward from the neutral posiƟ on within a range 
of approximately 5 cm.

The human body is not symmetrical [22]. Meas-
urements of various anthropometric parameters 
reveal also individual dynamic asymmetry [12,27], 
referring to quanƟ taƟ ve diff erences in these fea-
tures [13,21,29]. ScienƟ fi c reports indicate a vari-
able degree of lower limb strength asymmetry 
[5,30], which tends to decrease with age. Meas-
urement results of rudder pedal pressure force un-
der G-force condiƟ ons, conducted in the context 
of other research, revealed asymmetry in the pres-
sure force applied to the fi xed pedals of the human 
centrifuge [6,7].

It was therefore deemed purposeful to conduct 
a study on the possibility of uƟ lizing lower limb 
pressure force measurements on the rudder of the 
AnƟ -G maneuver training stand to assess the nature 
of pilot exerƟ on during the execuƟ on of a complete 
AGSM, based on force measurements from the Sy-
muLBNP simulator’s rudder system. This required 
defi ning a criterion by which the pressure forces ap-
plied to the rudder by the leŌ  and right lower limbs 
could be regarded as symmetrical.

Objective
The objecƟ ve of the study was to evaluate the 

symmetry of lower limb pressure force on the rud-
der pedals of the diagnosƟ c and training stand for 
AnƟ -G maneuver training, recorded during sched-
uled pilot training in aviaƟ on medicine, as a factor 
with potenƟ ally signifi cant infl uence on the results 
of measuring lower limb pressure force on the rud-
der pedals of the SymuLBNP simulator.

Research hypothesis
During the test of force the studied populaƟ on 

of pilots, there are no staƟ sƟ cally signifi cant diff er-
ences in the pressure force applied by the right and 
leŌ  lower limbs on the rudder of the diagnosƟ c and 
training stand used for AnƟ -G maneuver training.

MATERIAL AND METHODS

The study uƟ lized measurement data collected 
rouƟ nely during the scheduled aviaƟ on medicine 
training of pilots.

For the purposes of this study, the following 
data were used:
1) Index number and anonymized personal data 

of the trainee,
2) DescripƟ ve staƟ sƟ cal parameters of the trainees,

ing program. The value of this force falls within 
the range of 20% to 40% of MVC. During each 
repeƟ Ɵ on, the pilot is observed by an instruc-
tor who evaluates the correctness of the per-
formed training.

AGSM learning and training using the AnƟ -G ma-
neuver training stand is conducted under staƟ on-
ary condiƟ ons. For this reason, its main focus is the 
training and coordinaƟ on of the muscular and res-
piratory components of the AnƟ -G straining ma-
neuver. The respiratory component of the AGSM 
is limited to emphasizing the breathing phases. 
This limitaƟ on is guided by trainee safety, as ex-
cessive increases in blood pressure under condi-
Ɵ ons of Earth’s gravity could result in the rupture 
of blood vessels at the head level.

Training in the human centrifuge is conducted 
under actual acceleraƟ on condiƟ ons, with accelera-
Ɵ on many Ɵ mes greater than Earth’s gravitaƟ onal 
acceleraƟ on, which necessitates the proper execu-
Ɵ on of the AGSM, including both the muscular and 
respiratory components. However, a pilot’s self-as-
sessment of lower limb pressure force on the rudder 
pedals may diff er from the actual pressure force val-
ues recorded by the centrifuge system. This discrep-
ancy may result from disturbances in propriocepƟ ve 
sensaƟ on within the musculoskeletal system caused 
by G-forces in some pilots [4].

In an eff ort to improve the eff ecƟ veness 
of aviaƟ on medicine training, the Military InsƟ -
tute of AviaƟ on Medicine  has iniƟ ated the devel-
opment of a diagnosƟ c and training system that 
enables the complete execuƟ on of AGSM under 
staƟ onary condiƟ ons at Earth’s gravity. This work 
was iniƟ ated as part of the Priority Research Direc-
Ɵ ons of the Ministry of NaƟ onal Defence for the 
years 2017–2026. In accordance with contract No. 
DOB-BIO-12-05-001-2022 signed with the NaƟ onal 
Centre for Research and Development, a project 
enƟ tled: “Development of a system for assessing 
the fi tness of fl ying personnel for fl ight duty based 
on registraƟ on of circulatory system parameters 
during fl ight and under simulated G-force expo-
sure condiƟ ons (SymuLBNP)” is being carried out. 
As a result of this project, a simulator of an aircraŌ , 
used by the Polish Air Force, was designed. This 
simulator was equipped with a Lower Body Nega-
Ɵ ve Pressure (LBNP) system. The AGSM diagnosƟ c 
and training system is one of the funcƟ onal compo-
nents of this simulator.

The construcƟ on of the SymuLBNP simulator 
cabin enables the measurement of lower limb 
pressure force on the rudder pedals. As in the case 
of an aircraŌ  or a human centrifuge, the rudder 
is treated as a bidirecƟ onal lever mounted on an 
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meet the medical standards for fl ights in air and 
in fl ight simulators, as cerƟ fi ed by the relevant Re-
gional Military AviaƟ on Medical Board. All parƟ ci-
pants met these requirements.

The characterisƟ cs of the group of pilots parƟ ci-
paƟ ng in the training are presented in Tab. 1. In this 
group, based on the Shapiro–Wilk and Lilliefors 
tests at a signifi cance level of p = 0.05, the data 
distribuƟ on was not confi rmed to follow a normal 
distribuƟ on.

3) Results of the pressure force measurements ap-
plied by the lower limbs on the leŌ  and right rud-
der pedals at the AnƟ -G maneuver training stand.

Material
The material used in the study consisted of low-

er limb pressure force measurement results re-
corded at various stages of aviaƟ on training for 
pilots of high-maneuverability aircraŌ  undergoing 
aviaƟ on medicine training.

All military high-maneuverability aircraŌ  pilots 
parƟ cipaƟ ng in such training were required to fully 

Number of people

N = 258

Age Body mass Body height BMI

[years] [kg] [m] [-]

M±SD 21.1±2.2 75.6±9.2 1.790±0.057 23.57±2.50

Min. 18 54 1.63 18.2

Max. 25 112 1.98 33.3

W (Shapiro-Wilk) 0.918 0.976 0.988 0.972

P value (Shapiro-Wilk) < 0.001 < 0.001 0.026 < 0.001

D (Lilliefors) 0.150 0.062 0.079 0.068

P value (Lilliefors) < 0.001 0.026 0.001 0.009

Tab. 1.  CharacterisƟ cs of the studied group.

Fig. 1  Method of measuring lower limbs pressure force on the rudder pedals of the diagnosƟ c-training stand (Source: 
Military InsƟ tute of AviaƟ on Medicine).



© The Polish Journal of Aviation Medicine, Bioengineering and Psychology    2024 | Volume 30 | Issue 1 | 9

Dereń M. et al.- Assessment of the symmetry...

At a signifi cance level of p = 0.05, the normal-
ity of the data distribuƟ ons was verifi ed using the 
Shapiro–Wilk test [23,31] and the Lilliefors test, 
a modifi caƟ on of the Kolmogorov–Smirnov test.

Using the Wilcoxon signed-rank test for de-
pendent samples, the staƟ sƟ cal signifi cance of the 
diff erence in reference force values between the 
right and leŌ  lower limb was tested for p = 0.05.

The rc staƟ sƟ c, represenƟ ng the eff ect size [10] 
—in this context, the strength of associaƟ on be-
tween variables in the Wilcoxon test—was also cal-
culated. The accepted value ranges of the rc index 
are presented in Tab. 2.

Tab. 2.  Eff ect size for the Wilcoxon test.

Value of the rc index Interpretation

0.0 < rc ≤ 0.1 weak eff ect

0.1 < rc ≤ 0.3 moderate eff ect

0.3 < rc = 0.5 strong eff ect

The Pearson correlaƟ on coeffi  cient r was calcu-
lated between the reference force values of pres-
sure exerted on the rudder of the AnƟ -G Straining 
Maneuver training stand by the leŌ  and right lower 
limb. The scale for interpreƟ ng the correlaƟ on co-
effi  cient values was adopted according to J. Guil-
ford’s classifi caƟ on of the strength of correlaƟ on 
dependency, presented in Tab. 3 [17].

Tab. 3. Classification of the strength of correlation 
dependence according to J. Guilford

Value of the correlation 
coeffi  cient 

Strength of correlation depen-
dence

|rP| = 0 no correlation

0.0 < |rP| ≤ 0.1 negligible correlation

0.1 < |rP| ≤ 0.3 weak correlation

0.3 < |rP| ≤ 0.5 moderate correlation

0.5 < |rP| ≤ 0.7 high correlation

0.7 < |rP| ≤ 0.9 very high correlation

0.9 < |rP| ≤ 1.0 nearly perfect correlation

|rP| = 1 perfect correlation

The analysis of the symmetry of reference force 
values of lower limbs pressure on the rudder ped-
als of the AnƟ -G straining maneuver training stand 
in the studied group was conducted based on the 
assessment of symmetry defi ned by the Symmetry 
Index and the Symmetry Angle [2]. The Symmetry 
Index is derived by normalizing the diff erence be-
tween the parameter values of the right and leŌ  
limbs relaƟ ve to the taken into account parameter 
value of one of the limbs or the arithmeƟ c mean 
of the parameter values of both limbs. 

Method of  measuring force on the Anti-G 
Straining Maneuver training stand

The measurement of lower limb pressure force 
simultaneously with the leŌ  and right leg on the 
rudder pedals of the diagnosƟ c-training stand for 
AnƟ -G Straining Maneuver (AGSM) training (Fig. 1) 
was conducted during the rouƟ ne aviaƟ on medi-
cine training of pilots, in accordance with the Spe-
cialist Training Manual [20].

Before the exercise, each pilot performed 
a 5-minute warm-up. Next, the pilot took a seat 
in the AGSM training staƟ on chair and placed his 
feet on the rudder pedals. AŌ er stabilizing the pilot 
using a fi ve-point harness, the instructor adjusted 
the seat’s distance from the rudder pedals so that 
the knee fl exion angle was, in the pilot’s assess-
ment, idenƟ cal to the posiƟ on adopted during air-
plane fl ight.

The fi rst task was the diagnosƟ c force test Maxi-
mal Voluntary ContracƟ on, in which the pilot ap-
plied pressure with both lower limbs on the im-
mobile rudder pedals, aiming to generate maximal 
force and maintain it for 5 seconds. Based on this 
measurement, reference values of maximal force 
(Fr) for each lower limb were determined. These 
values were calculated as the mean from the in-
terval containing the highest recorded force at the 
stand. The boundaries of this interval were defi ned 
based on a threshold criterion set at 99% of the 
highest recorded maximal force [24] at the stand. 
Subsequently, training in the execuƟ on of the 
AGSM was carried out according to a sequence 
programmed in the stand’s soŌ ware.

 Methods of measurement result analysis
The reference values of maximal force of lower 

limb pressure on the rudder pedals of the AnƟ -G 
Straining Maneuver training stand, determined 
during the MVC test, were used in the analysis as 
the force values exerted by the lower limbs on the 
rudder. The analysis was aimed at assessing the 
symmetry of the reference force values exerted by 
the leŌ  and right lower limbs on the rudder pedals.

CalculaƟ ons of the analyzed indicators and an-
gles were performed using MicrosoŌ  Excel 2016. 
To assess the symmetry of the reference force val-
ues exerted by the leŌ  and right limb on the rudder 
pedals, a graphical analysis of the computed values 
was also conducted [3].

StaƟ sƟ cal analysis [25] was carried out using the 
“jamovi” soŌ ware, version 2.3.28.0 (“The jamovi 
project 2024”), a free and open-source data analy-
sis and staƟ sƟ cal tesƟ ng soŌ ware [16], as well as 
the “Python” applicaƟ on using the “ChatGPT” in-
terface.
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analyzed parameter [29]. The coeffi  cient of varia-
Ɵ on (VS) for the examined feature in the studied 
group was calculated according to the following 
formula:

 

%100��
XV

śr
S

SD

(4)

where: 
Xśr – arithmeƟ c mean of the sample values of the examined feature;
SD – standard deviaƟ on of the sample.

The classifi caƟ on intervals for the coeffi  cient 
of variaƟ on (VS) are presented in Tab. 4.

Tab. 4.  Coeffi  cient of variaƟ on (VS) of the analyzed 
feature.

VS value [%] Feature variability classifi cation 

0.0 < VS ≤ 20 low

20 < VS ≤ 40 moderate

40 < VS ≤ 60 high

60 < VS very high

RESULTS

Results of the measurement of rudder pressure 
force on the AnƟ -G maneuver training stand

The results of the force measurements on the 
AnƟ -G maneuver training stand, obtained by the 
parƟ cipants, were subjected to staƟ sƟ cal analysis 
at the signifi cance level of p = 0.05.

Tab. 5.  Results of measuring force of leŌ  (FrL) and 
right (FrR) lower limb pressure on the AnƟ -G 
straining maneuver training stand.

Number of people

N = 258

FrL FrP

[N] [N]

M±SD 3046±1369 2948±1245

Median 2858 2870

Min. 1002 846

Max. 6294 5870

W (Shapiro-Wilk) 0.948 0.959

P value (Shapiro-Wilk) < 0.001 < 0.001

D (Lilliefors) 0.110 0.085

P value (Lilliefors) < 0.001 < 0.001

The Shapiro–Wilk test [23] of the distribuƟ on 
of the reference force values applied to the rudder 
pedal by the leŌ  lower limb (n = 258), W = 0.948, p 
< 0.001, and by the right lower limb (n = 258), W = 
0.959, p < 0.001, indicates in both cases a violaƟ on 
of the normality assumpƟ on. Likewise, the analysis 
using the Lilliefors test demonstrated that the ped-
al forces applied by the leŌ  lower limb (n = 258), D 
= 0.110, p < 0.001, and by the right lower limb (n = 

The values of the Symmetry Index (SI) were cal-
culated using the formula proposed by Robinson 
[11,29,32].
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where: 
XP – parameter of the right limb, here: reference force of right lower limb 
pressure (FrP);
XL – parameter of the leŌ  limb, here: reference force of leŌ  lower limb 
pressure (FrL).

The values of the Symmetry Angle were cal-
culated based on angular measures determined 
in a Cartesian coordinate system [32]. The angles 
were determined using the reference force values 
of the leŌ  and right lower limbs, which were as-
signed to a two-dimensional coordinate system. 
The reference force values of the right lower limb 
(XP) were assigned to the x-axis (abscissa), and the 
force values of the leŌ  lower limb (XL) were as-
signed to the y-axis (ordinate). The points (XP, XL) 
determined in this way for each subject defi ned 
lines forming angles with the horizontal x-axis. The 
angle of inclinaƟ on of each line was calculated us-
ing the following formula:

 

X
X

P
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where: 
α – angle of inclinaƟ on of the line,
XP – parameter of the right limb, here: reference force of right lower limb 
pressure (FrP);
XL – parameter of the leŌ  limb, here: reference force of leŌ  lower limb 
pressure (FrL).

Similarly to the approach proposed by Zifchock 
and co-authors [32], it was assumed that for the 
condiƟ on XL = XP, the angle α = 45°. Any other value 
of angle α indicates asymmetry, which is described 
by the Symmetry Angle. Since the analyzed forces 
had the same direcƟ on and their values were as-
sumed to be posiƟ ve, the following formula was 
adopted to calculate the Symmetry Angle (SA):
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where: 
XP – parameter of the right limb, here: reference force of right lower limb 
pressure (FrP);
XL – parameter of the leŌ  limb, here: reference force of leŌ  lower limb 

pressure (FrL).

An evaluaƟ on of the analyzed values of the Sym-
metry Index and the Symmetry Angle was also 
performed based on a classical measure of feature 
dispersion, using the coeffi  cient of variaƟ on of the 



© The Polish Journal of Aviation Medicine, Bioengineering and Psychology   2024 | Volume 30 | Issue 1 | 11

Dereń M. et al.- Assessment of the symmetry...

Fig. 2.  Reference force values applied by the lower limbs to the rudder pedals of the AnƟ -G maneuver training stand: FrL, 
FrP – reference force of the leŌ  and right lower limb respecƟ vely (own elaboraƟ on).

Fig. 3  ScaƩ er plot of reference force values applied by the lower limbs to the rudder pedals of the AnƟ -G maneuver 
training stand: FrL, FrP – reference force of the leŌ  and right lower limb respecƟ vely (own elaboraƟ on).
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(Fig. 3). A regression line equaƟ on was determined. 
The standard error area indicated in the graph is barely 
noƟ ceable due to its very small values.

An analysis of the symmetry of the reference force 
values applied by the leŌ  and right lower limbs to the 
rudder pedals was conducted based on the Symme-
try Index and the Symmetry Angle. Histograms of the 
Symmetry Index  and Symmetry Angle values are pre-
sented in Fig. 4.

To verify the assumpƟ on of normal distribuƟ on for 
the Symmetry Index and the Symmetry Angle values 
at the adopted signifi cance level of alpha = 0.05, the 
Lilliefors test was applied. The results indicate that the 
distribuƟ on of Symmetry Index values does not signifi -
cantly diff er from normal: n = 258, D = 0.052, p = 0.13. 
Similarly, the distribuƟ on of Symmetry Angle values 
does not signifi cantly diff er from normal: n = 258, D = 
0.052, p = 0.13.

258), D = 0.085, p < 0.001, do not follow a normal 
distribuƟ on.

The Wilcoxon signed-rank test for dependent 
samples revealed a staƟ sƟ cally signifi cant diff erence 
between these variables (n = 258), W = 16.00, p < 
0.001. The eff ect size, esƟ mated using the r staƟ sƟ c, 
was 0.39, which suggests a moderate eff ect size.

To compare the distribuƟ ons of the reference 
force values FrL and FrP, box plots were generated 
(Fig. 2). No signifi cant outliers were observed.

The Pearson correlaƟ on coeffi  cient r was cal-
culated to examine the relaƟ onship between the 
reference force applied to the rudder pedals by the 
leŌ  lower limb (FrL) and the right lower limb (FrP). 
The analysis showed, according to J. Guilford’s 
scale, a very high to nearly perfect correlaƟ on be-
tween FrL and FrP , with r = 0.991, p < 0.01. 

A scaƩ er plot of the reference force values ap-
plied by the lower limbs to the rudder pedals of the 
AnƟ -G maneuver training stand was prepared 

Fig. 4.  Histograms of the Symmetry Index (SI) and Symmetry Angle (SA) values of the reference force of lower limbs 
pressure on the rudder pedals at the AnƟ -G straining maneuver training stand (own elaboraƟ on).

Fig. 5.  Values of the Symmetry Index and Symmetry Angle of the reference force exerted on the rudder pedals of the 
AnƟ -G maneuver training stand (own elaboraƟ on).
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The values of the staƟ sƟ cs calculated for the 
symmetry features, presented in the above table, 
indicate higher values of the reference force ex-
erted on the rudder pedals by the leŌ  lower limb 
compared to the right lower limb. This jusƟ fi es the 
conclusion that there is a leŌ -sided asymmetry 
in the force exerted by the lower limbs on the rud-
der pedals of the stand within the analyzed meas-
urement results.

A graphical analysis of the Symmetry Index val-
ues of the lower limb force exerƟ on was conduct-
ed, as shown in Fig. 6. This analysis confi rmed the 
presence of leŌ -sided asymmetry in the force ex-
erted by the leŌ  and right lower limbs on the rud-
der pedals of the stand. 

DISCUSSION
AviaƟ on training is a process that includes, 

among other things, training in aviaƟ on medicine, 
which covers topics such as aviaƟ on medical train-
ing and learning to perform the AnƟ -G maneuver. 
An integral element of the AnƟ -G maneuver is the 
tensing of skeletal muscles, primarily the muscles 

Box plots of the Symmetry Index and Symmetry 
Angle values were also developed and are presented 
in Figure 5. The plots indicate data asymmetry.

The mean and median of the Symmetry Index 
(Fig. 5) are asymmetrically posiƟ oned and show 
a leŌ -sided shiŌ  in their values. The asymmetrical-
ly distributed Symmetry Index values between the 
fi rst and third quarƟ les do not exceed 8%. No out-
lier observaƟ ons were idenƟ fi ed among the data.

Similarly, the mean and median of the Symmetry 
Angle (Fig. 5) are asymmetrically posiƟ oned and show 
a leŌ -sided shiŌ  in their values. The asymmetrically 
distributed Symmetry Angle values between the fi rst 
and third quarƟ les do not exceed 3%. No outlier ob-
servaƟ ons were idenƟ fi ed among the data. 

The results of the assessment of the normality 
of the distribuƟ on of the Symmetry Index and Sym-
metry Angle values, conducted using the Lilliefors 
test, as well as the results of other analyses of the 
symmetry characterisƟ cs of the reference force 
values applied with the leŌ  and right lower limbs 
on the rudder pedals of the AnƟ -G maneuver train-
ing stand, are presented in Tab. 6. 

Characteristic Mean Mdn SD Min. Max. D(258) P value V
S

[%] [%] [%] [%] [%] [-] [-] [%]

SI (FrP - FrL) -2.11 -2.65 6.88 -17.8 16.5 0.052 0.13 -328

SA (FrP; FrL) -0.671 -0.843 2.19 -5.64 5.24 0.052 0.13 -312

Tab. 6.  CharacterisƟ cs of the symmetry of reference forces exerted by the leŌ  and right lower limb on the rudder pedals 
of the AnƟ -G maneuver training stand.

Fig. 6.  Values of the Symmetry Index (SI) of the reference force exerted by the lower limbs on the rudder pedals of the 
AnƟ -G maneuver training stand (own elaboraƟ on).
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Taking into account the similarity of the symme-
try assessment results of the lower limb force exer-
Ɵ on on the rudder pedals of the diagnosƟ c-training 
stand obtained using the Symmetry Index and 
Symmetry Angle, and the fact that in the literature 
the Symmetry Index [29] is most commonly used 
in symmetry research, the graphical analysis used 
the Symmetry Index values presented in Fig. 6. 
This chart confi rms the similar distribuƟ on of in-
dex values for negaƟ ve values, related to the leŌ  
lower limb, and posiƟ ve values, related to the right 
lower limb. No informaƟ on was found in the litera-
ture concerning a developed scale for assessing the 
symmetry of lower limb force exerƟ on on meas-
urement plaƞ orms [13]. However, in some publica-
Ɵ ons, arbitrary threshold values for symmetry indi-
ces adopted for analysis are applied [5].

Based on the obtained results, the Symmetry In-
dex was adopted as the criterion for assessing the 
symmetry of the lower limb force exerted on the 
rudder pedals of the AnƟ -G maneuver training 
stand. At this stage of measurement result analy-
sis, the principle was adopted that if the value 
of the Symmetry Index does not exceed 10%, it can 
be assumed that the force values exerted by the 
pilot on the rudder pedals with the leŌ  and right 
lower limbs will not signifi cantly aff ect the assess-
ment of the muscular component of the performed 
AnƟ -G maneuver at the SymuLBNP simulator.

CONCLUSIONS

1) Hypothesis, which assumes that “During the force 
test of the studied pilot populaƟ on, there are no 
staƟ sƟ cally signifi cant diff erences in the force 
exerted by the lower limbs, right and leŌ , on the 
rudder pedals of the diagnosƟ c-training stand for 
AnƟ -G maneuver training,” was rejected.

2) The objecƟ ve of the study, which was to assess 
the symmetry of the force exerted by the lower 
limbs on the rudder pedals of the diagnosƟ c-train-
ing stand for AnƟ -G maneuver training recorded 
during the scheduled pilot training in aviaƟ on 
medicine as a factor potenƟ ally signifi cantly in-
fl uencing the measurement results of the force 
exerted by the lower limbs on the rudder pedals 
of the SymuLBNP simulator was achieved.

3) At the preliminary stage of research using the 
SymuLBNP simulator, a comparaƟ ve assess-
ment of the physical eff ort of pilots can be con-
ducted if the Symmetry Index of the force exert-
ed by the lower limbs on the rudder pedals of the 
diagnosƟ c-training stand for AnƟ -G maneuver 
training does not exceed the value of 10%.

of the lower limbs, abdomen, and shoulder girdle 
[8]. As a result of tensing the muscles of the lower 
limbs, pressure is exerted on the rudder pedals. 
During the learning process of performing the 
AnƟ -G maneuver at the AnƟ -G maneuver train-
ing stand, an MVC test of the lower limb muscles 
is conducted. Based on this test, a reference force 
value is calculated, which is used to program the 
load magnitude in later training at this stand.

The results of the measurements of the force 
exerted by the lower limbs on the rudder pedals 
of the stand, subjected to staƟ sƟ cal analysis aimed 
at determining the symmetry of the pressure force 
on the pedals and evaluaƟ ng the possibility of us-
ing lower limb force measurements on the rudder 
pedals, showed a staƟ sƟ cally signifi cant asymme-
try of the force exerted by the lower limbs on the 
rudder pedals for p = 0.05. 

However, the eff ect size value r = 0.39 obtained 
in the Wilcoxon test indicates a moderate strength 
of the staƟ sƟ cally demonstrated diff erence in the 
force exerted by the lower limbs on the rudder pedals.

Based on the calculated Pearson correlaƟ on coef-
fi cient r = 0.991, p < 0.01, a strong posiƟ ve relaƟ on-
ship was found between the reference force exerted 
on the stand rudder pedals by the leŌ  lower limb 
FrL and the right lower limb FrP. This result, without 
disƟ nguishing a stronger lower limb, confi rms the 
concurrency of the direcƟ on of the lower limb force 
exerƟ on.

The disƟ ncƟ on of a staƟ sƟ cally stronger lower 
limb was made based on the values of the symmetry 
features: the Symmetry Index and the Symmetry An-
gle. Diff erent values of these features, such as mean 
and standard deviaƟ on, calculated for the same refer-
ence force values exerted by the lower limbs on the 
rudder pedals, shown in Tab. 6, result from the diff er-
ent methods of calculaƟ ng the Symmetry Index (for-
mula no. 1) and the Symmetry Angle (formula no. 3). 
The Lilliefors normality tests conducted on the distri-
buƟ ons of the Symmetry Index and Symmetry Angle  
values gave similar results. The variability coeffi  cient 
(VS) values of both features are also very similar.

Histograms of the distribuƟ on of the calculated 
values of the Symmetry Index and the Symmetry An-
gle of the reference force exerted by the lower limbs 
on the rudder pedals at the stand, presented in Fig. 4, 
show a high degree of similarity. 

The values of the Symmetry Index and Symmetry 
Angle of the reference force exerted by the lower 
limbs on the rudder pedals of the stand, presented 
in box plots (Fig. 5), similarly illustrate the magnitude 
of the asymmetry caused by higher force values ex-
erted by the leŌ  lower limb compared to the right 
lower limb.
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– the eff ect size value r obtained in the Wilcox-
on test of signifi cance of diff erences indicates 
a moderate eff ect size of the staƟ sƟ cally dem-
onstrated diff erence in force exerted by the 
lower limbs on the rudder pedals,

– the Symmetry Index values, distributed be-
tween the fi rst and third quarƟ les, do not ex-
ceed 8%.

The adopted threshold value of 10% for the 
Symmetry Index as the assessment criterion will be 
verifi ed during further studies on the SymuLBNP 
simulator and may be subject to change. 

Final remarks
During the course of this work, a measurable 

and acceptable criterion for assessing the symme-
try of the force exerted by the lower limbs on the 
rudder pedals of the diagnosƟ c-training stand for 
AnƟ -G maneuver training was proposed, based 
on the values of the Symmetry Index, taking into 
account that:
– a high correlaƟ on was found between the force 

exerted by the leŌ  and right lower limbs on the 
rudder pedals of the stand,
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