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Abstract

 Background and Study Aim:  The degree of physical load and the assessment of the effects of motor skills is the most important aspect of 
motor preparation of judo practitioners and pilots. Due to the type of physical preparation of judo practitioners 
and pilot cadets, the comparison of fitness between these groups can contribute to the verification of the train-
ing programme in terms of load optimization. The aim of this paper is knowledge about an effect of a six-months 
training on the motor fitness of judo practitioners compared to a group of pilot cadets (control group). 

 Materials and Methods:  The research covered male cadets, mostly aged 19 who are students at the Air Force Military Academy in Dęblin. 
The cadets were divided into two groups. Group A was made up of students practising judo in a sports section, 
whereas group B was made up of pilot cadets who follow the programme of pilot training. The students under-
went fitness tests before (examination I) and after (examination II) a six-month training period: Aviation Synthetic 
Efficiency Test (ASET); 1,000 m run,100 m run, pull-ups on the bar and a ‘Rotational Test’. All the students had 
their heart rate (HR), blood pressure (BPS, BPD) measured prior to and after completing the ASET. 

 Results:  In group A in examination II, there was a statistically significant increase in the ASET performance (p<0.0001), 
1,000 m run, (p<0.0001) and the ‘Rotational Test’ (p<0.0001) in relation to examination I. In group B, in exam-
ination II, there was a statistically significant increase in the ASET performance (p<0.01), in the 1,000 m run 
(p<0.01) and pull-ups on the bar (p<0.02) in examination II in relation to examination I. In group B, the HR, 
BPS, BPD findings were significantly higher before and after completing the ASET than in group A. 

 Conclusions:  A six-month training period for the judo practitioners significantly improved the performance in the ASET, in 
the 1,000 m run and in the ‘Rotational Test’. Thus, judo is an important element in supporting the fitness of 
future military pilots, however, judo training is a more useful method of physical and mental preparation for 
survival.
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INTRODUCTION

The motor skills that play a crucial role in the 
physical preparation of the judo practitioners 
and pilot cadets are strength, speed, endurance 
and balance. Due to the type of a physical prep-
aration of judo practitioners and pilot cadets, 
the comparison of fitness between these groups 
can contribute to a verification of the training 
programme in terms of load optimization. The 
application of fitness tests in judo practitio-
ners, which have so far been used in relation 
to pilot cadets in monitoring targeted physi-
cal fitness might bring a lot of tangible benefits 
as a reference point. The nature and require-
ments of judo make its practitioners stand out 
with regard to a harmonious and comprehensive 
development of physical fitness, and a harmo-
nious body build. By examining their perfor-
mance and comparing them to pilots, the judo 
practitioners can enhance their training model 
and demonstrate an optimal performance in 
such abilities as strength, speed, endurance, 
motor coordination and balance. In the process 
of an optimum preparation for sports competi-
tions, judo athletes should be characterized by 
adequate speed, strength, endurance, a good 
technique of performing ukemi waza, throwing 
techniques and a high level of body balance. 
The more important issues of fitness prepara-
tion of cadet pilots for flights in military aviation 
include an increase in tolerance to overloads, 
an achievement of adequate habituation with 
regard to the eye-hand coordination, as well as 
a spatial orientation and balance. These features 
undoubtedly affect the efficiency of the pilots’ 
operational and physical performance during air-
borne tasks. A synthesis of all the activities that 
a pilot should master during the execution of 
air missions entails specific motor and fitness 
requirements for his body.

The optimal training process of the pilot cadet is 
also oriented towards on preparing him to per-
form an anti-strain maneuver (L-1) in the +Gz 
axis. A properly executed maneuver of tens-
ing the skeletal muscles (anti-strain maneu-
ver), on average, increases the tolerance of 1-2 
G [1]. On the basis of electromyographic test-
ing they include m. latissimus dorsi, m. intercos-
talis, m. buccinator m. sternocleidomastoideus, 
diaphragma, m. pectoralis major [2] and m. flank 
femoris, m. flank at m. erector rotationalae [3]. 
Since the Aviation Synthetic Efficiency Test 
(ASET) significantly correlates with 1,000 m run, 
100 m run and with pull-ups on the bar [4], it 

may be helpful in determining the optimization 
of the motor emphasis in the training process of 
judo practitioners. Due to the diagnosticity of 
the ASET with regard to the complexity of motor 
skills, it has been applied in the environment of 
the cadets’ preparation for flights [5]. While the 
ASET had previously been used for pilot cadets 
to determine their physical preparation for flights 
and to optimize motor load in the training pro-
cess, it has not yet been used in any other sport, 
including judo.

Therefore, the aim of this paper is knowledge 
about an effect of a six-months training on the 
motor fitness of judo practitioners compared to 
a group of pilot cadets (control group). 

A hypothesis was made that judo practitioners, 
after a six-month training process, will be able to 
statistically significantly improve their motor skills 
and balance (in fact: the body balance disturba-
tion tolerance skills) but insignificantly compared 
to the control group. 

MATERIAL AND METHODS
Participants 
Twenty-eight cadets (males) were tested in two 
groups. Group A (tested, n = 14) was made up 
of cadets who trained in a judo sports section 
and who were preparing for the Polish Military 
Championships and group B (control, n = 14) 
made up of pilot cadets who were following 
a physical preparation programme for flights. 
Group A was aged 19.40 ±0.69 years and had 
the following somatic characteristics: body height 
181.70 ±8.38 cm, body weight 79.68 ±12.01kg, 
BMI 24.05 ±2.53 kg∙m−1.Group B was aged 20.57 
±0.51 years and had the following somatic char-
acteristics: body height 176.21 ±4.22 cm, body 
weight 75.35 ±7.93kg, BMI 24.17 ±1.97 kg∙m−1. 
Based on the comparison of the two groups, no 
intergroup differences were observed for age 
(p = 0.51),body height (p = 0.46), body weight 
(p = 0.99) or BMI (p = 0.51).

Study design 
Fitness tests: In groups A and B, fitness tests 
were conducted twice before (examination I) 
and after the preparatory period (examination 
II). The following fitness tests were used for the 
examination: ASET; an analytical test: running at 
a distance of 1,000 m, 100 m, pull-ups on the bar 
and a ‘Rotational Test’ [6].

Load – noun 1. a weight or 
mass which is supported 2. 
the force that a body part or 
structure is subjected to when 
it resists externally applied 
forces 3. the amount of 
something, usually weight, that 
a body part can deal with at 
one time [31].

Ukemi waza – safe fall 
technique.

Throwing techniques – in 
judo terminology nage-waza 

Randori – sparring in judo 
in which both participants 
practice attacking and 
defending [32].

Non-apparatus test – that 
motoric test (exercise endurance 
test) of the required reliability 
(accurate and reliable), which 
use does not require even the 
simplest instruments [33, see 
also 34, 35]
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Physiological examination: All students were exam-
ined for the heart rate (HR), systolic blood pres-
sure (BPS) and diastolic blood pressure (BPD). 
The checkup was performed with an electronic 
device of Microlife AG type before and after the 
ASET execution, prior to and on completion of 
the preparatory period.

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

Procedures 
Judo practitioners preparation programme 
for the Polish Military Championships
The training process involved judo technique 
exercises (ukemi waza, throwing) with low-load 
strength exercises. The strength exercises were 
combined with speed exercises. Speed was 
shaped after endurance loads. During the pre-
paratory period, endurance exercises (running), 
strength exercises, technique and speed exer-
cises were used. The following methods were 
exploited in the preparation of judo practitio-
ners for sports combat: repetition, interval, 
stream and continuous, as well as practice fight-
ing (randori). The workouts were performed in 
the aerobic and anaerobic metabolic zone. In 
group A, the length of practising as a competi-
tor was on average 4 years. The training sessions 
were held 3 times a week, 90 minutes each.

Targeted physical preparation programme 
for pilots
The pilot’s training process included field ath-
letics, gymnastics on instruments and exercises 
on equipment designed to develop strength. 
During field athletics classes, pilot cadets per-
formed general fitness exercises with an empha-
sis on endurance and speed using short and long 
running games and their variations. Instrument 
gymnastics classes included exercising gymnas-
tic patterns on a bar, gymnastic handrails and 
free exercise patterns. On the strength equip-
ment, the pilot cadets exercised those mus-
cle parts which were involved in an anti-strain 
maneuver. The following methods were used in 
the physical preparation of the pilot cadets: rep-
etition, interval, stream and continuous running. 
The workouts were performed in the aerobic and 
anaerobic metabolic zone. The classes were held 
3 times a week, 90 minutes each.

Procedure for conducting the tests
1. The ASET embraced 16 practice stations over 

a distance of 60 m [4, 7, 8, 5].

The examined person stands on the starting line 
and on the command READY enters stand 1, tak-
ing the following position: “plank – both feet in 
the internal circle, the torso in the direction of 
the axis of the track”; the time is measured from 
the signal START: 

• stand 1 – moving the body in the plank posi-
tion on the external circle to the left or right 
by approx. 360°; the feet do not exceed the 
internal circle; 

• stand 2 – plank sideways on the left hand in 
a circle, moving the torso on the feet, in a sup-
ported position, 360°, in the anti-clockwise 
direction;

• stand 3 – plank sideways on the right hand in 
a circle, moving the torso on the feet, in the 
supported position, 360°, in the clockwise 
direction; 

• stand 4 – lying on the edge of the mattress, the 
head held perpendicularly to the track axis to 
the left, the hands straight along the long axis 
of the body above the head, rolling the torso 
to the right along the long axis of the body;

• stand 5 – lying on the edge of the mattress, the 
head held perpendicularly to the track axis to 
the right, the hands straight along the long axis 
of the body above the head, rolling the torso to 
the left along the long axis of the body

• stand 6 – sitting on the edge of the bench, the 
hands interlaced at the neck of the torso, tri-
ple-shift of the body with feet on the bench 
towards its other end along the track axis; 

• stand 7 – rolling forwards on a mattress;

• stand 8 – running on the reversed bench out-
side the further support of the bench with 
a minimum of a double feet contact; 

• stand 9 – rolling backwards on a mattress;

• stand 10 – changing the position of 3 kg med-
icine balls arranged at a distance of 3 m from 
each other, perpendicular to the track axis; 
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• stand 11 – running with 2 weights of 17.5 kg 
around the stands which are set up along the 
track axis at a distance of 4 m, and placing the 
weights on the previously marked spot; 

• stand 12 – jumping over 3 hurdles, feet together; 

• stand 13 – jumping over the first hurdle (feet 
together), going under the second hurdle and 
jumping over the third hurdle, feet together;

• stand 14 – running ahead, then rolling forwards 
on 4 elements of the box;

• stand 15 – running “on all fours” towards the 
finish line;

• stand 16 – hand standing at the wall – towards 
the finish line means switching off the time.

The structure of the ASET is described in detail 
in previous scientific papers [4, 7, 8, 5]. The eval-
uation criteria for the ASET were as follows: 43s 
– very good grade; 45s – good grade; 47s – sat-
isfactory grade. The speed was measured with an 
electronic timer with an accuracy of 0.01s.

2. The 1,000 m run was conducted at a stadium 
from a high start in sports shoes; the speed 
was measured with an electronic timer with an 
accuracy of 0.01s.

3. The 100 m run was conducted at a stadium 
from a low start in sports shoes; the speed 
was measured with an electronic timer with 
an accuracy of 0.01s.

4. The pull-ups were performed as an over grasp on 
the horizontal bar; the exerciser performing the 
pull-ups had to place his chin over the bar and 
then to lower the body to straighten the upper 
limbs in the elbow joints and repeat the cycle.

5. The balance was assessed using the ‘Rotational 
Test’ [6] (non-apparatus version). The student, 
standing on the line, was supposed to jump up 
with a full rotation in the air, alternately clock-
wise and counter-clockwise, repeated 3 times, 
and land with both feet on the line in approx. 
12 s in a constant rhythm. Several training 
jumps were permitted. The accuracy of landing 
and maintaining the balance was scored (0 – 
clean jump, 1 – one foot off line, 2 – both feet 
off line, 3 – lost balance with hand support) 
and totalled for all 6 jumps (score range from 

0 – excellent to 18 – unsatisfactory). Criteria of 
an individual level assessment determined by 
the ‘Rotational Test’ are as follows: very high 
(0-1), high (2-3), average (4-9), low (10- 12), 
very low (13-15), insufficient (16-18).

Judo practitioners and pilot cadets were provided 
with identical food and accommodation condi-
tions during the six-month training process. All 
students received a standard diet in accordance 
with the principles of group catering. The daily 
average diet equalled 4,500 kcal, including 150 g 
fat (30%), 112.5 g proteins (10%) and 675 g car-
bohydrates (60%).

Statistical analyses
The author used descriptive statistics to analyse the 
results of the examination by calculating mean and 
standard deviations (±) for all study variables. The 
difference (Δ) between the values before and after 
the training process in the groups studied was cal-
culated. A normal distribution of the variables was 
checked by means of the Kolmogorov-Smirnov test. 
The assessment of the equality of variances was 
conducted by means of Levene’s test. 

The difference between the dependent variables 
in the study groups and between the groups 
before and after the training process was calcu-
lated by using an analysis of variance (MANOVA) 
with repeated measurements and Tukey’s Honest 
Significant Difference (HSD) test for post hoc 
comparisons in pairs. 

The values of effect size variables were calcu-
lated for dependent and independent groups 
using Cohen’s d test in the adopted criteria: 
small (d = 0.20 to 0.49), moderate (d = 0.50 to 
0.79) and large (d>0.80) [9]. The statistical anal-
ysis of the study was performed by means of 
Statistica 13.3 statistical software. The differ-
ences between mean values were considered sig-
nificant when the p value was smaller than 0.05.

RESULTS

Found in group A a statistically significant dif-
ference between examination I and examina-
tion II in overcoming the ASET, 1,000 m run and 
a ‘Rotational Test’ (fewer errors), indicating bet-
ter fitness results (Table 1). In group A, there was 
a statistically significant decrease in HR before the 
ASET execution in examination II against exami-
nation I and a significant increase in HR after the 
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ASET execution in examination II, as compared to 
examination I (Table 1). Group B showed statis-
tically significant better fitness in examination II 
compared to examination I in the ASET, 1,000 m 
run and pull-ups on the bar (Table 1). 

Examination I showed statistically significant bet-
ter fitness in group B rather than in group A in the 
ASET, 1,000 m run, pull-ups on the bar (Table 2). 
In group B, in examination II, a statistically sig-
nificant better result was observed in pull-ups on 
the bar than in group A (Table 2). Group B also in 
examination II showed a statistically significant 
higher HR before the ASET execution compared 
to group A. In the same group, in examina-
tion I and II, there was a statistically significant 
increase in HR after the ASET and BPS execu-
tion prior to and on completion of the ASET as 
compared to group A (Table 2). In group A, there 
was a higher statistically significant BPD after 
the ASET completion in execution II compared to 
group B. No significant result values were found 
in the other indicators. 

In group A, examination II showed a statistically 
significant correlation between the ASET, 1,000 
m run and pull-ups on the bar. In group B, in 
examination II, a high correlation was observed 
only between the ASET and pull-ups on the bar 
(Table 3). In group A, the highest effect size val-
ues calculated by Cohen’s d test were recorded in 
the ASET, 1,000 m run and the ‘Rotational Test’. 
Group B showed large effect size values in the 
ASET, 1,000 m and pull-ups on the bar (Table 1).

DISCUSSION

The fitness tests demonstrated that in both 
groups, in examination II, there was an improve-
ment in physical fitness compared to examina-
tion I with the used training programmes. In 
examination I, both groups found that motor 
performance as measured by the ASET was 
below the lower limit of the performance stan-
dard. Examination II showed an improvement 
in the ASET execution in group A on a good 
level and in group B on a very good level. It was 
observed that the value of Cohen’s d effect size 
value in overcoming the ASET in group A was 
higher than in group B. This fact is due to the 
significance of difference in the ASET, in exami-
nation I, in favour of group B (control). Similarly, 
the 1,000 m distance test revealed a statisti-
cally significant performance improvement in 

examination II in both groups, although in exam-
ination I the significance was demonstrated to 
be in favour of the control group. 

The examination conducted by Wochyński et 
al. [4] indicated that achieving maximum scores in 
individual competitions such as 1,000m run, 100m 
run and pull-ups on the bar resulted in a simulta-
neous deterioration in performance in the ASET 
execution. This is confirmed by Starosta’s obser-
vations [10], which indicate that emphasising 
the development of conditioning abilities may 
impair the enhancement of coordination abilities. 
Coordination abilities are more strongly geneti-
cally determined. Moreover, the development of 
strength and endurance abilities may be a disrupt-
ing factor. T heir rapid development may inhibit 
or reduce the development of almost all coordi-
nation skills. The fact that the load is exceeded 
in the formation of general physical fitness (e.g. 
in endurance exercises) may be closely related to 
a decrease in the level of motor skills and motor 
abilities necessary for the judo practitioners and 
for pilots. The relationship between the load values 
and the diminished movement coordination was 
also observed in other scientific works [11-13]. 

The correlation between the ASET and the ana-
lytical test shows that the judo group should 
improve their speed in order to achieve correla-
tion at the 100 m distance. In group B, the cor-
relation between the ASET and pull-ups shows 
a definite advantage of strength exercises in the 
training process at the expense of a reduction in 
endurance and speed. 

The performance findings with regard to body 
equilibrium in the study groups measured by 
the ‘Rotational Test’ are quite interesting [6]. It 
was observed that group A showed a significant 
improvement in performance in the ‘Rotational Test’ 
in study II compared to study I. This was probably 
due to the effect of the judo practitioners’ training 
programme on the vestibular organ and the speci-
ficity of judo exercises. There was also a significant 
improvement in balance in group B. Balance plays 
a special role for judo athletes and pilots. 

So far, Tomczak (also with co-authors) has fully 
investigated the sensitivity of the ‘Rotational Test’ 
(just in a non-apparatus version, meaning: without 
measuring the test execution time) to the impact 
of the environment on the human in which it oper-
ates [14-17]. In his latest monograph [18], he 
stated that ‘Rotational Test’ was the most sensitive 
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Group Examination I Examination II Cohen’s d test Δ
(post-pre) P

ASET (s)

Group A 50.17 ±0.84 43.38 ±1.19 5.71 −6.79 <0.0001

Group B 47.01 ±0.55 42.63 ±1.07 4.68 −4.38 <0.01

Run 1000m (s)

Group A 237.35 ±13.21 217.28 ±8.48 1.38 −20.07 <0.0001

Group B 228.28 ±8.47 219.00 ±8.45 0.89 −9.28 <0.01

Run 100m (s)

Group A 13.32 ±0.43 13.20 ±0.31 0.24 −0.12 0.43

Group B 13.37 ±0.65 13.19 ±0.46 0.24 −0.18 0.41

Pull-ups on the bar (amount)

Group A 11.14 ±2.10 11.57 ±1.50 0.18 0.43 0.54

Group B 13.14 ±2.10 15.42 ±2.53 0.82  2.28 <0.02

‘Rotational Test’ (pts)

Group A 4.64 ±1.82 2.07 ±0.82 1.34  −2.57 <0.0001

Group B 3.57 ±1.94 2.42 ±1.98 0.48  −1.15 0.13

HR before execution ASET (beat∙min–1)

Group A 70.35 ±3.58 67.64 ±2.64 0.67  −2.71 <0.05

Group B 72.35 ±6.34 71.50 ±5.61 0.11 −0.85 0.70

HR after execution ASET (beat∙min−1)

Group A 141.42 ±15.06 160.71 ±6.32 1.22  19.29 <0.001

Group B 168.85 ±8.76 167.28 ±7.08 0.15 −1.57 0.60

BPS before execution ASET (mm Hg)

Group A 124.21 ±2.63 122.50 ±2.44 0.54  −1.71 0.08

Group B 129.42 ±5.85 127.00 ±3.65 0.37  −2.42 0.19

BPS after execution ASET (mm Hg)

Group A 167.85 ±4.68 170.00 ±3.55 0.40  2.15 0.18

Group B 174.92 ±6.77 172.85 ±5.39 0.26 −2.07 0.37

BPD before execution ASET (mm Hg)

Group A 79.57 ±5.01 78.42 ±4.87 0.18  −1.15 0.54

Group B 82.71 ±4.66 81.00 ±3.16 0.33 −1.71 0.26

BPD after execution ASET (mm Hg)

Group A 96.35 ±5.49 95.35 ±5.49 0.14  −1 0.63

Group B 93.57 ±4.38 91.35 ±3.17 0.45  −2.22 0.13

Table 1. Difference in HR, BPS, BPD and physical fitness (mean and standard deviation) between examination I and II in groups A (judo 
practitioners n = 14) and B (pilot cadets n = 14).

ASET Aviation Synthetic Efficiency Test; HR heart rate; BPS blood presure systolic; BPD blood presure diastolic; pts points; s seconds.
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Group Group A 
n = 14

Group B 
n = 14 Cohen’s d test F p

ASET (s)

Examination I 50.17 ±0.84 47.01 ±0.55 3.41 136.33 <0.0001

Examination II 43.38 ±1.19 42.63 ±1.07 0.53 3.06 0.09

Run 1000m (s)

Examination I 237.35 ±13.21 228.28 ±8.47 0.62 4.67 <0.0001

Examination II 217.28 ±8.48 219.00 ±8.45 0.16 0.28 0.59

Run 100m (s)

Examination I 13.32 ± 0.43 13.37 ±0.65 0.07 0.05 0.81

Examination II 13.20 ±0.31 13.19 ±0.46 0.02 0.009 0.92

Pull-ups on the bar (amount)

Examination I 11.14 ±2.10 13.14 ±2.10 0.77 6.30 <0.02

Examination II 11.57 ±1.50 15.42 ±2.53 1.64 23.99 <0.0001

‘Rotational Test’ (pts)

Examination I 4.64 ±1.82 3.57 ±1.94 0.46 2.25 0.14

Examination II 2.07 ±0.82 2.42 ±1.98 0.22 0.38 0.54

HR before execution ASET (beat∙min−1)

Examination I 70.35 ±3.58 72.35 ±6.34 0.34 1.05  0.31

Examination II 67.64 ±2.64 71.50 ±5.61 0.81 5.40 <0.05

HR after execution ASET (beat∙min−1)

Examination I 141.42 ±15.06 168.85 ±8.76 1.68 34.65 <0.0001

Examination II 160.71 ±6.32 167.28 ±7.08 0.81 6.69 <0.02

BPS before execution ASET (mm Hg)

Examination I 124.21 ±2.63 129.42 ±5.85 1.06 9.23 <0.01

Examination II 122.50 ±2.44 127.00 ±3.65 1.26 14.65 <0.001

BPS after execution ASET (mm Hg)

Examination I 167.85 ±4.68 174.92 ±6.77 1.05 10.31 <0.01

Examination II 170.00 ±3.55 172.85 ±5.39 0.54 5.80 <0.05

BPD before execution ASET (mm Hg)

Examination I 79.57 ±5.01  82.71 ±4.66 0.52 2.94 0.09

Examinat 78.42 ±4.87 81.00 ±3.16 0.48 2.73 0.10

BPD after execution ASET (mm Hg)

Examination I 96.35 ±5.49 93.57 ±4.38 0.44 2.19 0.15

Examination II 95.35 ±5.49 91.35 ±3.17 0.67 5.55 <0.05

Table 2. Difference in HR, BPS, BPD and physical fitness between group A (judo practitioners) and B (pilot cadets) in examination I and II. 

ASET Aviation Synthetic Efficiency Test; HR heart rate; BPS blood presure systolic; BPD blood presure diastolic; pts points; s seconds.
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diagnostic tool among the coordination tests he 
used. Witkowski et al. [19] recommend the non-
apparatus version ,Rotational Test’ it can be a com-
plement to the International Physical Fitness Test. 
Bąk [20] correlated the result of the ,Rotational 
Test’ with the results of the test measuring the 
susceptibility the body injuries during the fall 
(STBIDF). He stated: a statistically significant rela-
tionship (men r = 0.639, p<0.01; women r = 0.583, 
p<0.01). Mroczkowski and Sikorski [21] studied  
88 children aged 10 to 12 (53 boys and 35 girls) 
but revealed solely a negative correlation between 
the results of ‘Rotational Test’ and global coordi-
nation (measured with the use of Starosta coor-
dination test [22]): boys, r = −0.612 and girls, 
r = −0.578. On the other hand, Maśliński et al. [23] 
in a review dedicated to original methods and 
tools used for studies on the body balance dis-
turbation tolerance skills (BBDTS) of the Polish 
judo athletes from 1976 to 2016, showed that 
judo training stimulates the development of this 
very important coordination ability. Kruszewski 
et al. [24] who used the ‘Rotational Test’ in their 
research found that regular, specific physical train-
ing improved balance in athletes and soldiers. 

Other studies have shown a higher level of sta-
bility of the examined participants in the sagittal 
plane after the Bárány rotational chair test [25]. 
The author’s research has demonstrated that 
the exercises on the Special Aviation Gymnastic 
Instruments (SAGI) contribute to increased stabil-
ity, which may account for significantly statistically 
better results in the ASET [5]. It is believed that 
balance in both groups also depends on the opti-
mization of the load and the emphasis of shaping 
motor skills during the training process. 

The highly statistically significant correlation 
between the ASET and pull-ups on the bar in 
group B in study examination II and its decrease 
between the ASET and the ‘Rotational Test’, 
compared to group A, is a good example of this 
correlation. Group B had a significantly higher 
number of pull-ups on the bar compared to 
group A because in the final stage of preparations 
a great deal of emphasis was made on strength 
and the Valsalva maneuver.

This resulted from the fact that after a period of 
targeted training, Group B was scheduled to per-
form an overload maneuver on a G-force cen-
trifuge. According to some authors, the most 
important pilot‘s skills are strength and speed. 
Endurance plays a less important role due to 
diminished tolerance to G-force [26]. The belief 
that the pilot has a lower endurance capacity 
needs to be verified as it has not been confirmed 
in earlier studies [27]. It has been proved that the 
selection of candidates for aviation and the fit-
ness preparation of pilot cadets should take into 
account their motor type [8] and body build [28]. 
A recent study conducted on a G-strain centrifuge 
showed that cadets who excel in endurance and 
strength abilities achieved the longest total rota-
tional time with interval characteristics; worse 
findings were obtained by the group excelling in 
speed and strength abilities [27]. It seems that HR, 
BPS, BPD demonstrated to be statistically signifi-
cantly higher in group B compared to group A may 
be related to a higher level of strength ability. The 
observed increase in arterial pressure may result 
from the loading of significant muscle groups with 
heavy weights and the performance of the Valsalva 
maneuver [29, 30].

Correlation: r-Pearsona 
ASET (m·s−1) 

Group A Group B

Variable Examination I
r

Examination II
r

Examination I
r

Examination II
r

Run 1000m (m·s−1) −0.09 0.61** 0.07 0.28

Run 100m (m·s−1) −0.20 −0.04 0.45 0.30

Pull-ups on the bar 
(amount) −0.38 −0.53* −0.39 −0.90***

‘Rotational Test’ (pts) 0.20 −0.24 0.27 −0.07

Table 3. Pearson correlation between the ASET results, analytic test results and ‘Rotational Test’ in group A (n = 14) 
and B (n = 14) in examination I and II.

ASET Aviation Synthetic Efficiency Test; *p<0.05; **p<0.02; ***p<0.0001; r correlation coefficient
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Group A had lower HR, BPS and BPD since the 
load of the motor exercises was optimally dis-
tributed compared to group B. The assessment 
of judo practitioners’ performance with regard 
to the pilot fitness criteria is good and shows 
a proper level of motor preparation, as evi-
denced by the ASET findings and the correla-
tions between the ASET exercises, the 1,000 m 
run and pull-ups on the bar in examination II. The 
results of the study showed that the ASET plays 
a key role in the motor preparation of judo prac-
titioners with regard to the use of load optimi-
zation in shaping motor skills, similarly to pilot 
cadets. Of all the tests performed among the judo 
practitioners, the greatest improvement in per-
formance was observed in the ASET, confirmed 
by the effect size value of Cohen’s d test.

CONCLUSIONS

The six-month period of physical preparation of 
judo practitioners had a statistically significant 
influence on the enhancement of targeted fit-
ness as measured by the ASET, 1,000 m run and 
the ‘Rotational Test’. On the other hand, it was 
insignificant in the 100 m run and pull-ups on 
the bar. Compared to the control group, the stu-
dents performed better in the 1,000 m run and the 
‘Rotational Test’. They performed worse in the ASET 
exercises and in the 100 m run, however, they were 
statistically insignificant. The judo practitioners had 
statistically significantly worse results in the pull-
ups on the bar compared to the pilot cadets’ group 
(control). Thus, judo is an important element in sup-
porting the fitness of future military pilots, however, 
judo training is a more useful method of physical 
and mental preparation for survival.

REFERENCES

1. Whinnery J.E. G – tolerance enhancement: 
straining ability comparison of aircrew men, no 
aircrew men and trained centrifuge subjects. 
Aviat Space Environ Med 1982; 52: 232-234

2. Chen H-H, Wu Y-C, Kuo M-D. An electro-
myographic assessment of anti-G straining 
manoeuvre. Aviat. Space Environ Med 2004; 
75: 162-167

3. Oksa J, Hamalainen O, Rissanen S et al. Muscle 
strain during aerial combat manoeuvering 
exercise. Aviat Space Environ Med 1996; 67: 
1138-1143

4. Wochyński Z., Stelęgowski A, Kłossowski M. 
Using Special Aviation Synthetic Fitness test 
for the needs of candidate selection at the 
Air Force Academy, for multi-role F-16 type 
aircraft. Pol Przegl Med Lotn Polish 2010; 4: 
309-320 [in Polish]

5. Wochyński Z, Krawczyk P, Cur K et al. An 
assessment of physical efficiency in cadet pilots 
before and after the implementation of a pro-
gram preparing for flights. Int J Occup Med 
Environ Health 2021; 34(5): 1-12

6. Kalina RM, Jagiełło W, Barczyński BJ: The 
method to evaluate the body balance disturba-
tion tolerance skills – validation procedure of the 
‘Rotational Test’. Arch Budo 2013; 9(1): 59-69

7. Wochyński Z. Special Aviation Synthetic Fitness 
test modified by Wochyński. In: Sokołowski M, 
editor. Morphofunctional conditioning of mili-
tary service. Warszawa: Akademia Wychowania 
Fizycznego; 2015: 119-126 [in Polish]

8. Wochyński Z, Skrzyńska-Rękawek J, Pilaczyński 
P et al. The impact of motor predispositions 
in cadets upon the results of the execution of 
Aviation-Synthetic Efficiency Test. Arch Budo Sci 
Martial Art Extreme Sport 2020; 16: 105-117

9. Cohen J. Statistical power analysis for the 
behavioral sciences (2nd ed.). Hillsdale: Erlbaum 
Associates; 1988

10. Starosta W. Współzależność zdolności kon-
dycyjnych i koordynacyjnych. W: Starosta 
W. Motoryczne zdolności koordynacyjne. 
Warszawa: Międzynarodowe Stowarzyszenie 
Motoryki Sportowej, 2003: 113-118 [in Polish]

11. Starosta W. Koordynacja ruchowa człowieka. 
In: Ciechaniewicz W, editor. Human motoric-
ity – its structure, variability and determinants. 
Poznań: Monographs, Textbooks, Scripts, 310. 
AWF Poznań; 1993: 81-120 [in Polish]

12. Raczek J.  Antropomotoryka.  Teoria 
motoryczności człowieka w zarysie. Warszawa: 
Wydawnictwo PZWL; 2010 [in Polish]

13. Sozański H. Nauka o sporcie. Teoria sportu. 
Teoria treningu. Technologia treningu. W: 
Sozański H, Czerwiński J, Sadowski J, editors. 
Podstawy teorii i technologii treningu spor-
towego. Volume I. Monografie i Opracowania 
no 23. AWF J. Piłsudskiego w Warszawie, 
Wydział Wychowania Fizycznego i Sportu 
Biała Podlaska 2013: 33-43 [in Polish]

14. Tomczak A. Effects of winter survival train-
ing on selected motor indices. Biomed Hum 
Kinet 2010; 2: 62-65

15. Tomczak A, Bertrandt J, Kłos A et al. Comparison 
of Dynamic Balance Level of the Polish Special 
Forces Soldiers and Civilians During Survival 
School Training. In: Books of abstract 3rd 
International congress on soldiers` physical 
performance. 2014 Aug 18-21. Boston, USA. 
Jyväskylä: University of Jyväskylä; 2014: 82

16. Tomczak A. Coordination Motor Skills of 
Military Pilots Subjected to Survival Training. 
Strength Cond Res 2015; 29(9): 2460-2464 

17. Tomczak A, Dabrowski j, Mikulski T. Psychomotor 
performance of Polish Air Force cadets after 36 
hours of survival training. Ann Agr Env Med 
2017; 24(3): 387-391 

18. Tomczak A. Changes in coordination motor 
abilities of young men during survival school 
simulation training. Warszawa: Akademia 
Sztuki Wojennej; 2021 [in Polish]

19. Witkowski K, Superson M, Piepiora P. Body 
composition and motor potential of judo ath-
letes in selected weight categories. Arch Budo 
2021; 17: 161-175

20. Bąk R. Relationship the body balance distur-
bation tolerance skills with susceptibility to 
the injuries during the fall of young women 
and men. Arch Budo Sci Martial Art Extreme 
Sport 2018; 14: 189-196

21. Mroczkowski A, Sikorski MM. The suscepti-
bility to body injuries during the fall and coor-
dination motor abilities of the 10 to12 years 
children. Arch Budo Sci Martial Art Extreme 
Sport 2015; 11: 65-71 

22. Starosta W. Globalna i lokalna koordynacja 
ruchowa w wychowaniu fizycznym i w spor-
cie. Warszawa: Osgraf; 2006 [in Polish]

23. Maśliński J, Piepiora P, Cieśliński W et al. 
Original methods and tools used for studies 
on the body balance disturbation tolerance 
skills of the Polish judo athletes from 1976 to 
2016. Arch Budo 2017; 13: 285-296

24. Kruszewski A, Wiktorek P, Litwiniuk A et al: The 
ability of keeping body balance and lighting in 
manto-man crash. in: Sadowski J, Niźnikowski 
T, editors. Coordination motor abilities in sci-
entific research. Biała Podlaska: 2008: 216-
222 [in Polish]



328 |  VOLUME 17 | 2021 www.archbudo.com

Original Article

25. Tchórzewski D, Bujas P, Jaworski J. Wpływ 
kierunku rotacji ciała zakłócającej pracę narządu 
przedsionkowego na poziom stabilności pos-
turalnej w warunkach niestabilnego podłoża. 
Med Sport 2013; 2: 89-97 [in Polish]

26. Kłossowski M, Klukowski K, Markiewicz L. 
Distinctiveness of endurance training for fighter 
pilots. Med Lotn 1993; 1-2: 71-80 [in Polish]

27. Wochyński Z, Kowalczuk K, Kłossowski M 
et al. Effect of the Centrifuge Test on Blood 
Serum Lipid Index of Cadet Pilots. Ann Agric 
Environ Med 2016; 23(1): 1-5

28. Ziółkowska E. Body build of military pilots. 
Phys Educ Sport 1995; 3: 13-20

29. MacDougall JD, Tuxen D, Sale DG et al. Arterial 
blood pressure response to heavy resistance 
exercise. J Appl Physiol 1985; 58(3): 785-790

30. Palatini P, Mos L, Munari L et al. Blood pres-
sure changes during heavy-resistance exer-
cise. J Hypertens Suppl 1989; 7(6): S72-S73

31. Dictionary of Sport and Exercise Science. 
Over 5,000 Terms Clearly Defined. London: 
A & B Black; 2006

32. Budō: The Martial Ways of Japan. Tokyo: 
Nippon Budokan Foundation; 2009

33. Kalina RM. Applying non-apparatus and qua-
si-apparatus tests in a widely understood 

concept of health promotion – an example 
of flexibility measurement and assessment. 
Arch Budo 2012; 8(3): 125-132

34. Kalina RM. Non-apparatus safe falls prepara-
tions test (N-ASFPT) – validation procedure. 
Arch Budo, 2013 9(4): 255-265

35. Kalina RM, Jagiełło W. Non-apparatus, Quasi-
apparatus and Simulations Tests in Diagnosis 
Positive Health and Survival Abilities. In: Ahram 
T, editor. Advances in Human Factors in Sports, 
Injury Prevention and Outdoor Recreation. 
AHFE 2017. Advances in Intelligent Systems 
and Computing. Cham: Springer; 2018; 603: 
121-128

Cite this article as: Wochyński Z. Evaluation of judo practitioners’ motor performance in relation to the criterion of targeted fitness of pilot cadets after 
a six-month training process. Arch Budo 2021; 17: 319-328


