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Abstract

 Background & Study Aim:  Conditioning and coordination motor abilities (CMA) play a very important role in the process of sports training 
in learning a complex technique. Particularly in combat sports, including taekwondo, strikes and kicks performed 
in place, in a jump or in rotation, as well as combinations, allow you to create effective technical and tactical 
actions. Both of them have a significant impact on the sports results achieved in competitions. The aim of this 
study is the knowledge about level of conditioning and coordination motor abilities of combat sports athletes. 

 Material & Methods:  The study was conducted on 30 person who have been taekwondo athletes for at least 5 years. Conditioning 
motor abilities (general physical fitness) was measured using the method recommended by the Polish Sports 
Association International Physical Fitness Test (IPFT) includes the following eight tests: 50 m dash, standing 
broad jump, long run 1000 m, hand grip; pull ups, 4x10 m shuttle run, sit ups, and bend trunk. Coordination 
motor abilities was measured using the Starosta Test. Body composition was measured device Tanita 545N. 
Statistical analysis was based on a Statistica software ver. 13.5. 

 Results:  The taekwondo athletes differed in the level of physical fitness as well as somatic and body composition vari-
ables such as BMI, body weight, fat content, lean body mass, water content in the body and visceral fat. A re-
lationship was found between the value of coordination motor abilities, the level of somatic features and gen-
eral physical fitness. 

 Conclusions:  In this research the positive influence of many years of training in the combat sport of taekwondo on the se-
lected features of general physical fitness of athletes diagnosed by IPFT was observed. Similarly, this training 
influenced the level of global coordination, which should will contribute to the increase in special technical 
skills and indirectly to the results achieved in competitions. Both research using IPFT and Starosta’s (coordi-
nation measure) turned out to be valuable research tools.
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INTRODUCTION

Modern training not only sports, is a complex pro-
cess and its effectiveness is influenced by many 
factors, the knowledge of which constitutes 
the basis of the entire training activity, training 
management requires more and more extensive 
knowledge and all the threads of controlling the 
athletes development are concentrated in the 
competences of the trainer [1-3]. 

Knowledge about sports and training is constantly 
developing. We know more and more about the 
functioning of the human system, we are able to 
manage the complex processes of exercise adap-
tation more and more wisely and more effectively, 
and the result will be a high level of sports perfor-
mance during competitions. Comprehensive train-
ing stimulates the development of physical fitness 
only up to a certain point, gradually limiting the 
strength of shaping influences [4].

The field of the physical condition skills is well 
investigated both theoretically and practically 
because of its simpler structure. On the other 
hand, the structure of the coordination skills is 
more complex and from the point of view of its 
development (expected positive changes) more 
demanding [5].

Many specialists prove that, especially in combat 
sports, physical fitness, including coordination 
motor abilities (CMA), as well as mental predis-
positions, are largely related to body structure 
and body composition, which determines techni-
cal and tactical activities, depending on the type 
of sport [6-13].

There are also few longitudinal studies concern-
ing the dynamics of the development of coor-
dination motor abilities which is probably due 
to the difficulty of organizing such studies. The 
scientific investigations have shown that such 
CMA as the force of spatial movement indica-
tors, time of reaction, vestibular stability and the 
reaction to a moving object show a large stabil-
ity in time [14].

Hirtz [15] considers the coordination abilities to 
be the complex and relatively independent pre-
sumptions of the performance regulations of the 
locomotive activities bases on the dominantly 
inherited, still they can be influenced by the neu-
rophysiological function mechanisms and thus 
they are trainable. They are present at different 

levels of the specific locomotive activities, in the 
pace, speed and accuracy of acquiring the new 
activities and skills, in updates of the locomo-
tive programs in accordance with the conditions, 
in the adequate application of the skills, in the 
level of using the locomotive skills, in the eco-
nomic use of the energetic potential, in the pur-
poseful, functional and aesthetic movements. 
They make higher demands on CNS and the func-
tions of analysers (especially visual and vestibular). 
Considering the position of the coordination skills 
in the system of the human beings’ motor we can 
conclude that CNS controls and coordinates of 
the body as a unit and at the same time comes up 
the coordination between the different functional 
systems that frequently operate autonomously.

In this regard much more attention is now paid 
to the matters of coordination-motor perfection 
in the programs of physical education and sport 
training of many countries. Many famous scien-
tists have devoted their treatises to the study of 
the place, significance, notion, structure, onto-
genesis, and training of CMA. Currently train-
ers apply conditioning training more often, thus 
neglecting the development of movement coor-
dination motor abilities. It is known that the 
greatest adaptability of coordination abilities 
occurs between 7 and 12 as well as between  
14 and 18 years of age and even though sensitive 
periods do not overlap in the findings of various 
authors, everybody is unanimous that develop-
ing coordination motor abilities in a period other 
than the sensitive one will be more laborious and 
less effective [16-18].

Both fitness and coordination (CMA) skills are 
currently perceived as integrated psychomo-
tor properties determined dominantly by the 
functions of the muscular system and the cen-
tral nervous system. Recently, there has been 
an increase in interest in research on metric 
coordination skills in combat sports, including 
taekwondo, wrestling and karate, as the improve-
ment of already learned and teaching new ele-
ments depends on them, as they significantly 
influence the economy of movements and the 
proper use of players’ energy resources during 
training and competitions [19-26].

As an Olympic and non-Olympic sport, tae-
kwondo is a combat sport involving scientific and 
technological aspects. Taekwondo is mixes men-
tal and physical training [27-30]. 

Combat sports – noun a sport 
in which one person fights 
another, e.g. wrestling, boxing, 
taekwondo, and the martial 
arts [69].

Physical fitness – the ability of 
a person to function efficiently 
and effectively [70].

Coordination motor abilities 
(CMA) – psychomotor 
properties that define the 
readiness to control and 
regulate motor activities in an 
optimal way [18].

Body composition – body 
composition of the body 
provides important information 
about nutritional status of the 
organism and assessed by the 
simplest method of electrical 
bioimpedance (BIA), using i.e. 
Tanita, SECA, In Body devices, 
etc. [69].

INNOAGON – acronym 
‘innovative agonology’ [62].

Innovative agonology – is 
an applied science dedicated 
to promotion, prevention 
and therapy related to all 
dimensions of health and 
regarding the optimization 
of activities that increase the 
ability to survive from micro to 
macro scales [60, p. 274].
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The aim of this study is the knowledge about 
level of conditioning and coordination motor abil-
ities of combat sports athletes. 

MATERIAL AND METHODS
Participants
The study was conducted on 30 person who have 
been taekwondo athletes for at least 5 years. Body 
height 182.07 ±5.61 cm, body weight 79.53 ±9.52 
kg, BMI 23.87 ±1.996. Almost all taekwondo ath-
letes had a normal body build.

Informed consent was obtained from all partici-
pants involved in the study. 

The Ethics Committee of the Latvian Academy 
of Sport Education in Riga (Latvia) approved the 

study protocol, and all procedures followed the 
ethical standards of the Declaration of Helsinki.

Procedure
Body composition
We based the characteristics of the body com-
position on the recommended indicators: body 
height (cm), body weight (kg), BMI (body mass 
index) [31, 32]. Body composition was measured 
device Tanita 545N.

Diagnostics of general physical fitness 
To evaluate of general physical fitness the 
International Physical Fitness Test was used 
(IPFT). The following sequence of test is recom-
mended: on the first day fitness should be eval-
uated in the first three tests. On the second day 
the remaining tests are to be performed, i.e. from 
4 to 8 (Figure 1). It is also possible to carry out 

Figure 1. The International Physical Fitness Test (IPFT) [33].
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all the tests on the same day according to the 
indicated sequence, however, the third exercise 
(long run) should be done at the end. The physi-
cal fitness trial includes the following eight tests: 
(1) 50 m dash; (2) standing broad jump; (3) long 
run 1000 m; (4) hand grip; (5) pull-ups on a bar 
and over; (6) 4x10 m shuttle run; (7) sit ups done 
within 30 s; (8) bend trunk. 

Interpretation of results based on the recommen-
dations of Tadeusz Ulatowski [34] addressed to 
athletes: outstanding level 641 and more points, 
high level 561 to 620-; medium level 481 to 
560-; low level 401 to 480-; very low level 400 
and less points. For individual trials they are in 
line with Ulatowski’s recommendation: outstand-
ing level 81 and more points, high level 71 to 80-; 
medium 61 to 80-; low level 51 to 60-; very low 
level 50 and less points. 

Coordination motor abilities
To determine the level of motor coordination, the 
Starosta’s global coordination test was used [35]. 
The test consisted in making a maximum turn in 
a jump with both legs to the right and left with 
the help of the hands. The measurements were 
carried out on a coordination meter, i.e. on 
a wooden platform with dimensions of 100 × 100 
cm, on which a circle was drawn with a diameter 
80 cm. There is a scale with degrees on the cir-
cumference of this wheel, separate for right and 
left turns. The task was started from a precisely 
determined position of the feet. After performing 

the rotation, the subject should ‘land’ within the 
circle, maintaining balance. By making appropri-
ate determinations, the turnover rate was read. 
A higher numerical score indicates better global 
coordination (Figure 2).

Statistical analysis
The estimation of the results is based on the fol-
lowing indicators: frequency (N, n); mean (M); 
minimum (Min); maximum (Max); standard devi-
ation (SD or ±). In the studies, the level of at least 
p<0.05 (also for a directional test) and higher was 
shown as statistically significant differences. 
Because of lack normal distribution for major-
ity of the variables statistical analysis was based 
on a non-parametric test (Spearman correlation 
coefficient). The interpretation of the correlation 
coefficient (r) is based on the Guilford’s classifica-
tion. Calculus was performed using STATISTICA 
software ver. 13.5. 

As the results of physical fitness tests are expressed 
in different units, scale T was used for their compar-
ison and the results of Investigation expressed as 
points are compared.

RESULTS

In the study group, all subjects achieved a level 
of general physical fitness (GF) classified as high 
M = 567.3 ±22.8 points (Table 1). On the other 
hand, analysing individual elements of the physical 

Figure 2. Coordination measure of the Starosta [35].
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fitness of the studied taekwondo athletes stud-
ied to further analysis in the case of speed (D 50) 
M = 73.1 ±6.3; leg muscle strength (SBJ) M = 73.5 
±6.5; endurance (R1000) M = 62.9 ±4.4; hand 
grip (HGS) M = 67.3 ±4.6; arms muscle strength 
(PU) M = 67.6 ±3.9; agility (ShRu) M = 71.7 ±5.9; 
abdominal muscle strength (SU) M = 70.6 ±3.8 
and flexibility (BT); M = 80.6 ±6.0. However, when 
analysing global coordination, it was noticed (RL) 
M = 586.6 ±66.1 and (RL) M = 578.4 ±64.9.

The tested taekwondo athletes were character-
ized by a high and medium level of general phys-
ical fitness (M = 567.3 ±22.8 points, Min 533-, 
Max 628 points).

As the results of physical fitness tests are expressed 
in different units, scale T was used for their compar-
ison and the results of Investigation expressed as 
points are compared.

There is a strong positive correlation between 
speed (D 50) and leg muscle strength (SBJ) agil-
ity (ShRu), general physical fitness (GF), rota-
tion to the left (RL) and rotation to the right (RR). 

Additionally also observed strong positive cor-
relation between leg muscle strength (SBJ) and 
agility (ShRu), general physical fitness (GF), rota-
tion to the left (RL) and rotation to the right (RR), 
also agility (ShRu) or abdominal muscle strength 
(SU) and general physical fitness (GF), also general 
physical fitness (GF) and rotation to the left (RL) 
and rotation to the right (RR). Average and weak 
correlation in other cases. Any correlations were 
observed between somatic features (BM, BH and 
BMI) only between the individual components of 
fitness and global coordination (Table 2).

DISCUSSION

Problems of physical condition and coordination 
motor abilities training and monitoring in sports, 
many of its theoretical and practical aspects have 
found recently further development (expected 
positive changes). In particular, attempts to deter-
mine place, tasks and content of condition and 
coordination training within the long-term prepa-
ration of athletes engaged in combat sports have 
been undertaken [1, 14, 4]. 

Variable Mean SD SE −95%CI +95%CI Min Max LQ UQ

BT [cm] 80.6 6.0 1.1 78.3 82.9 71 92 76.0 85.0

SBJ [cm] 73.5 6.5 1.2 71.0 76.1 64 87 68.0 78.0

D 50 [s] 73.1 6.3 1.2 70.6 75.5 62 88 68.0 77.0

ShRu [s] 71.7 5.9 1.1 69.4 73.9 62 86 66.5 76.5

SU [n] 70.6 3.8 0.7 69.2 72.1 64 78 68.0 73.5

PU [n] 67.6 3.9 0.7 66.1 69.1 59 74 64.5 71.0

HGS [kg] 67.3 4.6 0.9 65.5 69.1 56 77 64.5 69.0

R1000 [s] 62.9 4.4 0.8 61.2 64.6 54 72 60.0 65.5

GF [point] 567.3 22.8 4.3 558.4 576.1 533 628 548.5 583.0

RL [degree] 586.6 66.1 12.5 561.0 612.3 485 740 527.5 630.0

RR [degree] 578.4 64.9 12.3 553.2 603.0 475 730 527.5 620.0

Table 1. Descriptive statistics for taekwondo athletes (n = 30) – ordinal variable: from the highest arithmetic mean 
of the result (points). 

CI Confident Interval; LQ Lower Quantile; UQ Upper Quantile; SE Standard Error

Note: D 50 50 m dash; SBJ standing broad jump; R1000 long run 1000 m; HGS hand grip; PU pull-ups on a bar and 
over; ShRu 4x10 m shuttle run; SU sit ups done within 30 s; BT bend trunk; GF general fitness; RL rotation to the left; 
RR rotation to the right
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The results of these investigations concerning 
physical condition and selected coordination 
motor abilities taekwondo athletes confirm the 
known dependence the number of years and 
quality of training and the level of training. The 
causes of this regularity are seen in the positive 
and multifaceted role play professional compe-
tences of the trainer [36].

Whereas states [37] effective work in this pro-
fession cannot be schematic when many differ-
ent roles have to be reconciled at the same time. 
For instance, a trainer has to adequately motivate 
the competitors in order to shape their attitudes, 
and at the same time, he must act as a teacher, 
scientific observer, manager etc.

Similar research was conducted [38] only regard-
ing body composition but also the special abili-
ties of female ju-jitsu athletes. They stated that 
it is related to their weight category but does not 
affect the results in special fitness tests. In turn, 
profile analysis enabled group and individual diag-
nosis of fitness preparation. The authors revealed 
that such a diagnosis can be used to compare 
athletes at the time of measurement, as well as 
in the process of monitoring changes occurring in 
the training cycle. While the established structure 

of special fitness among female top ju-jitsu con-
testants can be used for comparisons with male 
representatives.

Another research [39] observed that senior judo-
ists expressed better balance ability compared 
to both juniors and cadets. The balance training 
may lead to task specific neural adaptation at 
the spinal and supra-spinal levels, such as muscle 
stretch reflex during postural task, which leads 
to less destabilizing movements and improved 
balance ability [40].

Authors of numerous studies on wrestlers regard-
ing the role of coordination motor abilities in 
increasing the effectiveness of the sports train-
ing process. They claim that coordination motor 
abilities significantly contribute to the quality of 
motor learning and the stabilization of sports 
technical and tactical skills and their adequate 
use during competitions [41-48]. In turn, mainly 
on karate athletes, both general and special phys-
ical fitness tests were carried out by other Polish 
and foreign researcher [49-54].

Studies aimed at optimizing and experimental 
testing of the methods for diagnosis and con-
trol of condition and coordination skills have 

Table 2. Spearman correlation matrix of elements of physical fitness and global coordination – significant correlation 
are marked in bold print (n = 30).

Note: D 50 50 m dash; SBJ standing broad jump; R1000 long run 1000 m; HGS hand grip; PU pull-ups on a bar and 
over; ShRu 4x10 m shuttle run; SU sit ups done within 30 s; BT bend trunk; GF general fitness; RL rotation to the left; 
RR rotation to the right

Variable R50 SBJ R1000 HGS PU ShRu SU BT GF RL RR

D 50 - 0.721 0.222 0.115 −0.058 0.505 0.345 0.299 0.803 0.717 0.691

SBJ - 0.261 −0.172 0.112 0.555 0.487 0.039 0.755 0.694 0.732

R1000 - 0.207 −0.120 0.244 0.381 −0.025 0.469 0.253 0.206

HGS - 0.188 0.158 0.052 −0.124 0.272 0.204 0.096

PU - −0.127 0.178 −0.006 0.197 0.176 0.216

ShRu - 0.447 −0.055 0.672 0.384 0.363

SU - 0.265 0.704 0.306 0.348

BT - 0.358 0.153 0.140

GF - 0.705 0.683

RL - 0.976
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been conducted, their structure and the leading 
components of combat sports have been deter-
mined depending on age, sex, skill level, stage of 
preparation and other factors. More and more 
empirical data concerning relationship between 
different coordination and conditioning capac-
ities, as well as between technical and tactical 
skills with account for the abovementioned fac-
tors have appeared.

Research was conducted on combat sports ath-
letes aimed at developing and experimentally 
testing methods for diagnosing and control-
ling fitness and coordination skills, their struc-
ture and leading elements of combat sports were 
determined depending on age, gender, skill level, 
stage of preparation and other factors to also 
avoid injuries [55, 56]. There is more and more 
empirical data on the relationship between vari-
ous coordination and fitness abilities as well as 
technical and tactical skills, taking into account 
the above factors.

To sum up, it should be said that sports results 
depend on many factors, both innate and 
acquired. In combat sports, the effectiveness of 
performing complex techniques is influenced by 
genetic factors, such as the ability to rhythmist 
movements, maintain balance, relax muscles, dif-
ferentiate the amount of force or spatial orienta-
tion, as well as the level of acquired skills, which 
include technical elements obtained through 
heavy, systematic work training. In the tests and 
trials performed, we deal with both acquired and 
genetic factors.

In the text, I added ‘expected positive changes’ 
several times in brackets after the word ‘devel-
opment’ to emphasize the positive connotation 
of this word as a key term ‘innovative agonol-
ogy’ (acronym INNOAGON – see glossary 
and basic publications [57-65]). The inspira-
tion is the ground-breaking discovery of Kalina 
et al. [66] questioning the validity of the ‘tod-
dlerhood and pre-school motor development’ 
paradigm. Researchers have provided empiri-
cal evidence that four-year-old children sup-
port themselves with their hand(s) during each 
unintentional fall (in controlled, safe laboratory 
conditions), and some of them even collide with 
their heads on the ground. Meanwhile, approxi-
mately 65% of the population of two-year-olds 

in identical circumstances unconsciously protects 
their hands and heads during a collision with the 
ground. The authors of the discovery proposed 
the following name for this period of ontogenesis: 
‘the first period of positive and negative changes 
in human motor skills already at toddlerhood and 
pre-school age’ [66, p. 222]. 

This discovery is related to factors that may inter-
fere with the process of stimulating coordination 
abilities (in the broadest possible sense) already 
in the period of ontogenesis when the child is 
not yet subject to school education. However, 
there is evidence that children are taught sports 
motor activities as early as four years of age (ten-
nis, skiing, gymnastics, etc.) and this phenomenon 
should therefore be carefully studied. The opti-
mal solution is a complementary approach – the 
basic INNOAGON method [67, 68].

CONCLUSIONS

In this research the positive influence of many 
years of training in the combat sport of tae-
kwondo on the selected features of general 
physical fitness of athletes diagnosed by IPFT 
was observed. Similarly, this training influenced 
the level of global coordination, which should 
will contribute to the increase in special tech-
nical skills and indirectly to the results achieved 
in competitions. Both research using IPFT and 
Starosta’s (coordination measure) turned out to 
be valuable research tools.

These results may suggest that monitoring con-
cerning physical conditions and selected coordi-
nation motor abilities is very useful when creating 
annual training plans and selecting optimal train-
ing loads.

Limitations
The study has several limitations, such as having 
no control group. Thus, we suggest that future 
studies should be conducted on larger samples, 
preferably selected by random sampling groups.
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