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Abstract
Objectives: The authors formulated a hypothesis that, on completion of the training program by cadets, their vestibular habituation would increase, 
measured by the time of the duration of the test on the unlocked looping, in contrast to the initial values and the control group. Material and 
Methods: The research involved 35 male cadets, first-year students of the Polish Air Force Academy in Dęblin. The examined persons were on average 
20 years of age. They were divided into 2 groups. Group A (N = 25, tested) continued training on Special Aviation Gymnastic Instruments (SAGI). 
The cadets were a homogeneous group of participants in the jet pilot course, selected by the Military Aeromedical Board. Group B (N = 10, control) 
conducted the standard physical military education program. Groups A and B were tested on the unlocked looping before and after the training 
process. In the training process, the groups had heart rate (HR) monitored. Results: The cadets in group A on the test in the unlocked looping, at 
the beginning of the training period, had an average score of 468.5±96.6 s, and on completion of the training period 575.6±47.9 s, which is a statisti-
cally significant difference at p < 0.000001. Similarly, the examined individuals in group B received an average score of 396.2±31.8 s, and at the end 
of the training period 473.4±72.0 s, which is a statistically significant difference at p < 0.01. In group A, a statistically significant decrease in the aver-
age HR value was observed. In group B, there was a statistically significant increase in the average HR value. Conclusions: The exercises on SAGI 
have a beneficial impact on improving the habituation of the vestibular organ in training cadets in examination II, as opposed to examination I and 
the control group. Int J Occup Med Environ Health. 2020;33(4):497 – 506
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of the semicircular canals. The symptoms associated with 
balance occurring during accelerations are quite signifi-
cant. They include dizziness, nausea, vomiting, depression, 
etc. [11]. The above-mentioned symptoms can be elimi-
nated by means of SAGI exercises, leading to vestibular 
habituation. It was proved that SAGI training has a ben-
eficial impact on the habituation of the organ by expand-
ing the time of tolerance for Coriolis accelerations and 
a reduction in the intensity of the occurrence of vegetative 
symptoms [12]. An earlier study confirmed improvement 
in the tolerance of the sense of balance on the unlocked 
looping at the end of the training process on SAGI [4]. 
Due to the rapid development of military aviation, scien-
tific investigations are being conducted on a continuous 
basis, searching for new diagnostic and training solutions in 
the modern pilot’s preparation for flying. Bearing in mind 
modern flight safety regulations, it is observed that apart 
from technical reasons and emergencies, accidents occur as 
a result of human error during work. The most common 
causes of accidents are the effects of an imbalance between 
situational requirements and human capabilities [8,10,13]. 
Therefore, the study attempts at assessing the vestibular-
vegetative system in pilots, before and after the process of 
special preparation on SAGI. The authors used a test on 
the unlocked looping, which differs from the Coriolis effect 
by the fact that it is a cardiac diagnostic test, which is more 
sensitive after the training process due to its duration and 
body reactions.
A hypothesis was formulated that, on completion of the train-
ing program on SAGI by cadets, holders of health category 1, 
their vestibular habituation would increase, measured by 
the time of the duration of the test on the unlocked looping 
in contrast to the initial values and the control group.

MATERIAL AND METHODS
Examining the population
The research involved 35 male cadets, first-year students 
of the Polish Air Force Academy (PAFA) in Dęblin. 

INTRODUCTION
The process of training on Special Aviation Gymnastic In-
struments (SAGI) is essential for shaping spatial orientation 
and resistance to space motion sickness in pilots. It is a basic 
element of ensuring flight safety. In contemporary military 
aviation, research into the sensitivity of the vestibular-veg-
etative system in pilots is a vital factor in the selection of 
candidates for pilots. Scientists continuously seek effective 
tools for the diagnosis of the habituation of the vestibular-
vegetative system on a permanent basis. In the preliminary 
selection of candidates for aviation, the Coriolis effect is 
used (Bárány rotational chair) with the appropriate method-
ology to determine the degree of sensitivity of the vestibular 
organ, and thus the resistance to angular accelerations. 
Over the years, the Coriolis effect has been applied in ex-
perimental research [1–3] as well as in the ground prepara-
tion of astronauts. To a lesser extent, it is useful for diag-
nosing the habituation of the vestibular-vegetative system 
after the preparatory phase for flights. In the training pro-
cess, the level of obtaining vestibular habituation was as-
sessed by means of a rotational attempt on the unlocked 
looping (Jędrys test) [4]. Due to the specific environment 
of the pilot’s job, the training process is conducted on 
SAGI. Exercises on SAGI include exercises on a looping, 
an aero-wheel and a gyroscope. Their impact on human 
body and photographs demonstrating specific instruments 
were shown in other scientific works [5–7]. 
Conducting special training for pilots is considered to be 
a challenge among training tasks. In the process of an op-
timal preparation of a pilot for flights, the most important 
factor in this environment is to achieve adequate vestibular 
habituation, which increases tolerance to angular accelera-
tions [8–10]. It is a pre-requisite for flight safety. The ves-
tibular organ is part of the bony labyrinth, composed 
of 3 se micircular canals, whose sensory cells respond to 
angular accelerations [10]. 
In aviation, spatial disorientation is mainly linked with 
the vestibular organ, resulting from a reduced perception 
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In both groups, the training period consisted of  twenty 2-h 
training units, which was completed within 70 days, cycli-
cally twice a week. The cadets were provided with identi-
cal food and accommodation conditions during the whole 
training period. The cadets received a standard diet in ac-
cordance with the rules of mass catering. The daily food 
ration, on average, consisted of 4500 kcal, including 150 g 
fats (30%), 112.5 g proteins (10%) and 675 g carbohydra-
tes (60%).

Description of an attempt on the unlocked looping
The exercise was performed in a standing position on 
the unlocked looping. With the help of a partner, the ex-
aminee was rotated in the longitudinal axis, at a frequen-
cy of 1 revolution/2 s. During the revolution, the tested 
person moved their head in the following order: head up 
straight, head down, rotation to the left (the chin touches 
the left collar-bone), rotation to the right (the chin touch-
es the right collar-bone), head up straight. The examinee 
was required to hold each position for 2 s. The test was 
stopped once the symptoms of space motion sickness oc-
curred [4]. The test is highly significant from the practical 
and diagnostic point of view. It is easy to perform before 
and after a workout. The evaluation criteria consist in 
the execution of the above-mentioned movements within 
specified time constraints: 600 s – very well; 480 s – well; 
360 s – sufficiently. The attempt was interrupted immedi-
ately when the symptoms of space motion sickness (strong 
nausea and vomiting) appeared. The symptoms of space 
motion sickness include malaise, sudden paleness, sweat-
ing, strong nausea, vomiting – the examination was inter-
rupted as soon as they occurred.

Statistical analysis
In the analysis of the results of the examination, descrip-
tive statistics was used by calculating the mean and stan-
dard deviations for all the examined variables. The normal 
distribution of the variables was checked by means of 

The examined persons were on average 20 years of age. 
They were divided into 2 groups. Group A (N = 25, 
tested) underwent training on SAGI. The group was a ho-
mogeneous material made up of students on a jet pilot 
course, selected by the Military Aeromedical Board, who 
obtained the highest health category (Z-1A). Group B 
(N = 10, control) implemented a standard program of 
physical education in military schools, achieving health 
category Z-1C.

Method of research
The test was conducted on the unlocked looping [4] at 
the beginning (examination I) and at the end (examina-
tion II) of the training process. The test result is estab-
lished on the basis of its duration.
In order to assess the intensity and monitor cadet training, 
the authors used the Polar Team2 Pro system to register 
heart rate (HR) changes.

Ethical issues
The consent for the research was granted by the Ethics 
Committee of the Military Institute of Aviation Medicine 
in Warsaw – decision No. 03A/2009 of July 8, 2009.

Standard program of physical education
The program of physical education was conducted 
through a thorough development of the examinees. 
During the program, there was a focus on all motor skills. 
The classes were conducted as tasks and by repetition. The 
themes were related to gymnastics, outdoor athletics and 
team games.

Training program on SAGI
The cadets completed a detailed program on SAGI, fol-
lowing the latest trends in methodology [14]. The activi-
ties were conducted in the form of tasks and by repetition, 
including the methodological highlights of the training 
process included in the program.
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In groups A and B, in examinations I and II, the individual 
HR values were presented graphically in Figure 3.

DISCUSSION
The results of the conducted examination showed that in 
groups A and B, the training process caused an increase 
in the habituation level of the vestibular-vegetative 
system. In both groups, it was possible to observe a sta-
tistically significant increase in the average duration 
of the test on the unlocked looping in examination II 
(after ending the training process on SAGI) in contrast 
to examination I. Group A was found to have mean du-
ration time values significantly higher than in group B, 
in examinations I and II. It can be explained by the fact 
that group A underwent a different training program 

the Kolmogorov-Smirnov test. The assessment of the 
equality of variances was conducted by means of Levene’s 
test. The difference between the variables in the 2 groups 
before and after the preparation was calculated by applying 
the mean of the Bonferroni test. The difference between 
the variable groups was obtained through the analysis of 
variance (ANOVA). The statistical analysis of the research 
findings was conducted using statistical software Statistica 
9.0. The differences between mean values were considered 
significant when the calculated value of p was < 0.05.

RESULTS
The obtained results showed statistically insignificant dif-
ferences in such parameters as age, height, body weight 
and BMI after the period of training in relation to 
the output values (Table 1).
In group A, in examination II, the cadets obtained a 19% 
increase in the test time on the unlocked looping in re-
lation to examination I, which is a statistically significant 
difference at p < 0.000001 (Table 2). In group B, in exami-
nation II, the cadets obtained a 17% increase in the test 
time on the unlocked looping in relation to examination I, 
which is a statistically significant difference at p < 0.01 
(Table 2). In examinations I and II, a statistically signifi-
cant difference between groups A and B was found with 
regard to the values of the test duration with p < 0.05, and 
later p < 0.00005, to the advantage of group A (Table 2).
The individual results achieved by cadets in groups A 
and B in the unlocked looping test, in examinations I and 
II, are depicted in Figure 1 and 2.
Group A showed a statistically significant decrease in HR 
(of 8%) in examination II compared to examination I, at 
p < 0.000001 in cadet pilots (Table 2). Group B demon-
strated a statistically significant HR increase of 8% in ex-
amination II in relation to examination I, at p < 0.0002. 
In examinations I and II, a statistically significant differ-
ence was found between groups A and B in HR mean 
values at p < 0.000001 (Table 2).

Table 1. Characteristics of the examined cadet pilots before  
and after the preparation period on the unlocked looping 
in group A (N = 25, tested) and group B (N = 10, control)  
of first-year students of the PAFA in Dęblin

Variable

Participants 
(N = 35)

examination
I II

Age [years] (M±SD)
group A 20.7± 1.35 20.7± 1.35
group B 19.2±0.42 19.2±0.42

Body height [cm] (M±SD)
group A 175.9±4.80 175.9±4.80
group B 173.1±5.59 173.1±5.59

Body weight [kg] (M±SD)
group A 70.4± 6.02 69.6±6.50
group B 66.14±6.01 66.15±3.73

BMI [kg × m–²] (M±SD)
group A 22.8±1.89 22.5±2.03
group B 22.15±2.04 22.14±1.28

p – statistically non-significant.
Examination I – before the preparation period;  
II – after the preparation period.
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The research conducted on pilot cadets during identical 
exercises on SAGI, in biochemical parameters, showed 
a body load which was similar to athletes – triathlonists [5]. 
The specific characteristics of the conducted exercises on 
SAGI require adequate performance from cadets before 
starting the process of training on these instruments. 
In the process of training, the physical effort in groups A 
and B was in the range of aerobic metabolism. A higher in-
tensity of physical effort was observed in group B than in 
group A. This is confirmed by a statistically higher average 
HR value in group B in contrast to group A, measured at 
the beginning and at the end of the training process. During 
the training unit, short-lasting accelerated HR values, 

than group B, directly targeting the vestibular-vegetative 
system. It is also linked with the initial medical checkup, 
proved by the obtained health categories. In the adopted 
criteria for the classification of the vestibular-vegetative 
system’s habituation level, during an attempt on the un-
locked looping, cadets in group A achieved a good level 
as a result of using load in the training process. Cadets 
in group B achieved a sufficient level. Special attention 
needs to be given to the load connected with exercising 
in different axes on SAGI. An example of a body-load ex-
ercise is an exercise on the looping in the sagittal plane; 
after releasing the looping, there is an additional rotation-
al movement along the axis of the body. 

Table 2. Test results on the unlocked looping before and after the preparation period in group A (N = 25, tested)  
and group B (N = 10, control) of first-year students of the PAFA in Dęblin

Variable
Examination

p
I II

Attempt on the unlocked looping [s] (M±SD)
group A 468.5±96.6* 575.6±47.9** <0.000001
group B 396.2±31.8 473.4±72.0 <0.01

Training unit HR [bpm] (M±SD)
group A 114.5±5.48*** 105.4±4.02*** <0.000001
group B 130.0±5.73 139.8±2.48 <0.0002

* Statistically significant difference between the groups in examination I with p < 0.05.
** Statistically significant difference between the groups in examination II at p < 0.0005.
*** Statistically significant difference between the groups in examination I at p < 0.000001.
Examination I – before the preparation period; II – after the preparation period. 

Figure 1. Test on the unlocked looping, taking into account the head movement direction
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In the process of training on SAGI, a gradual decrease in 
HR was noticeable, which could have been caused by ad-
aptation to this type of effort, or may have been related to 
mastering the technique of exercising on SAGI. It may also 
be connected with the final part of the activities, during 
which the trainees are lying down on mattresses and doing 
breathing exercises. The lying position may stimulate 
the parasympathetic nervous system. This is consistent 
with studies published by other authors, who found that, 
among 3 other positions, the lying position accelerates and 
reactivates the parasympathetic system [15].
The dynamic exercises on SAGI, in different body axes, 
affect the 3 semicircular canals of the vestibular organs 
and the otolith organ. It was found that in the semicircu-
lar ducts (ductus semicirculares) and in the vestibule (ves-
tibulum), there are receptors of equilibrium. The recep-

at 190 bpm, were also observed. Such changes were also 
shown in the research conducted by Kłossowski [12]. 
High HR values prove that the body, during exercises on 
SAGI, draws energy from anaerobic sources. Such a sit-
uation could have occurred during the looping practice 
(rotations), when the cadets were exposed to a positive 
acceleration (head–feet direction) and negative accelera-
tion (feet–head direction). During this type of an exercise, 
a short-term oxygen deficit was likely to have occurred as 
a result of blood shift. In group B, HR values in the train-
ing process were rising, contrary to group A. This may 
have been caused by different program contents, aimed 
at comprehensive body development, with a focus on all 
motor skills. In the course of the training, the cadets did 
not manage to adapt their organisms to the exercise pro-
gram used. 

3 4 5 6 7 8 9 10 110 1 2

Te
st 

tim
e [

s]

250
300
350
400
450
500
550
600
650

Participant [No.]
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

a)

Test I
Test II

Te
st 

tim
e [

s]

320

360

400

440

480

520

560

600

Participant [No.]

b)

Test I
Test II
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manoeuver. Therefore, disorientation scenarios should 
become part of a training program to avoid spatial disori-
entation in pilots [30].
Taking into account the role of rotational exercises in shap-
ing spatial orientation and lowering sensitivity to space 
motion sickness, a research experiment was conducted on 
SAGI. In order to assess the effects of training, particular-
ly those pertaining to vestibular habituation, the unlocked 
looping test (Jędrys test) was made. The test has been 
re-used and verified practically at the PAFA for several 
years [4]. The unlocked looping test, unlike the Coriolis 
effect, is different due to the fact that it was executed for 
a longer period of time, in a standing position, and that it 
is specially designed to evaluate the effects of the training 
process with regard to vestibular habituation and spatial 
orientation. The attempt is of a tremendous diagnostic 
value in terms of the autonomic nervous system of a pilot 
preparing for highly maneuverable flights. Obtaining a sta-
tistically significant time difference in the performance of 
this test between examinations I and II indicates an effi-
cient application of the training program on SAGI as well 
as achieving vestibular habituation. It is worth noting that 
vestibular habituation occurs more quickly and is memo-
rized longer, even under weaker stimuli. It is considered 
that in the process of habituation, apart from peripheral 
chemoreceptors, also brain subcortical structures are 
used, including reticular formation [11].
The unlocked looping is always accompanied by physi-
cal effort, which is absent in the rotational Coriolis test. 
The standing position, while performing this test, also 
gives information about an orthostatic capability, which 
undoubtedly plays a significant role in the pilot’s and as-
tronaut’s organism. It was demonstrated that the para-
sympathetic component is particularly expressed at 
the age of 20, dominating the activation of the sympa-
thetic nervous system during rest and in a standing posi-
tion. The effect of parasympathetic inhibition diminishes 
with age [31]. At this point, it should be stressed that in 

tor cells in the membranous ampullae of the semicircu-
lar canals (ampullae membranacea ductus semicirculares) 
respond to the head rotation, i.e., angular accelerations, 
whereas the sensory cells which are present in the utricle 
and the pouch are sensitive to linear accelerations [11,16]. 
In the off-vertical axis rotation (OVAR), which has sinu-
soidal characteristics, eye movement reactions appear to 
be the result of a combination of the semicircular canals 
and otoliths [17,18]. It was demonstrated that the head 
movement in different directions (rotation, twist, bend) 
increases susceptibility to space motion sickness [19,20]. 
The majority of space motion sickness cases are related 
to the vestibule [21–23], although the organ of sight plays 
a crucial role [24–27]. 
Dai et al. [28] developed an interesting concept model 
of generating motion sickness during rotations around 
the longitudinal body axis. When stimulating the vestibular 
organs under normal gravity by applying a rotational move-
ment, it was possible to obtain transient phase vestibular 
potentials from the central nervous system. In contrast, an 
inclusion of a swinging motion triggered a long-term ves-
tibular potential, possibly caused by stimulating otoliths. 
In conditions of zero gravity, only phase vestibular evoked 
potentials were recorded, which were produced as a result 
of stimulating the receptors of vertical semicircular canals, 
by the swinging movements, without otolith organs [29]. 
Thus, it is evident that exercises on SAGI, performed in 
the longitudinal axis and in the sagittal axis, trigger ki-
netic stimuli in cadets in an appropriate rhythm, effecting 
the semicircular canals and otolith organs (gravity 1 G). 
In the symptoms of habituation, there is a decreased re-
sponse of receptors to recurring kinetic stimuli. This type 
of accelerations occurs while performing different types 
of flights, e.g., during a turn, barrel roll, loop, dive or spin. 
In such conditions, military pilots frequently experience 
spatial disorientation. Studies have shown that the phe-
nomenon of illusion in the tilting plane in a controlled 
aircraft is likely to occur even after a short rotational 
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ing cadets, expressed by a statistically significant extension 
of time of performing the rotational test on the unlocked 
looping, as opposed to output values and the control 
group. Thus, a significant improvement in the tolerance 
of angular accelerations and an increase in tolerance to 
space motion sickness were achieved. The research is 
the basis for using this method (Jędrys test) to practice 
special preparation for flights made by cadet pilots as an 
independent variable conditioning flight safety.
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