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ABSTRACT 

The basic kinetic elements, with their quantitative and qualitative diversity, determine the kinetic 
structure, which is manifested in overcoming resistance on a particular path in a particular time. The 
kinetic structure in an individual or repeating motion partly also depends on the anthropometrical 
characteristics of the body, namely volume, mass, transversal and longitudinal dimensionality of the 
body. The main objective of this research is directed at determining the quality and the degree of 
correlation between basic kinetic elements with morphological characteristics. The research was 
conducted on a sample comprised out of 124, 15 year old, male respondents. A total of 21 kinetic 
measures obtained with the help of adequate instruments and with the use of the ergometrical method 
has been used for evaluating basic kinetic elements. For the purpose of evaluating morphological 
characteristics in a way prescribed by the International Biological Program, 15 anthropometrical 
measures were utilized. The canonical analysis revealed a very close correlation between the system 
of basic kinetic elements and the system of morphological characteristics. Due to a well-structured 
area, five significant canonical dimensions were succesfully extracted. Generally, there are significant 
canonical relations between basic kinetic elements, namely resistance and amplitude in motion, with 
morphological characteristics. However, this is not the case with manifested reactions of time in 
motion. The determined correlation and relations of these areas are essentially rooted in basic 
biomechanical laws on the influence of the length of levers, angular speed and body mass, or the 
influence of body height on the efficiency of the functioning of the kinetic chain in relation to various 
functional mechanisms for the regulation of basic kinetic motions.  
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INTRODUCTION 

Due to the qualitative and quantitative diversity of expressing basic kinetic elements of the effectorial 
system within one global kinetic exit as resistance, path and time, there is a possibility of forming a 
whole range of relations with morphological characteristics. Furthermore, since basic kinetic elements 
of the effectorial system and anthropometrical dimensions represent a source of a part of mutual 
variability, and with regard to the explanation of the basic kinetic elements phenomenon, there is a 
possibility of forming a whole range of interdependent relations. This research has been conducted 
with a primary objective of determining relations, degree and quality of correlation between basic 
kinetic elements of the effectorial system with morphological characteristics. The underlying 
conception under which basic kinetic elements have been defined is founded in a multi-variant 
configuration of basic kinetic elements within the kinetic structure formed in individual and repeating 
motion (F. M. Henry, J. D. Whitley, 1960, H.Campney, R. Weher, 1965, M. Wiliams, L. Stutzman, 
1959, R.K. Jasen, 1976, H, Hahmann, E.O. Rohrer, 1978, J. V. Verhošanski, 1979, M. Dodig, 1983, 
1987, 1994, 2002, 2008, M. Dodig & B. Pistotnik, 2009). Accordingly, basic kinetic elements – time, 
amplitude and resistance, with their distribution and configuration, determine the efficiency and type of 
the kinetic structure and give the possibility of observing elements with the morphological area. By 
preferring a specific role of anthropological dimensions in the realization of basic kinetic elements of 
the effectorial system, it is justified to expect their contribution in the source of variability of basic 
kinetic elements. Such mainly theoretical conception of a part of the variance of basic kinetic elements 
will be significantly explained by a parallel analysis with the anthropological dimensions which are 
determined by the longitudinal, transversal and circular dimensions of the skeleton as well as by the 
factor of subcutaneous fat tissue (Kurelić, Momirović, Stojanović, Šturm, Radojević & Viskić-Štalec, 
1975; Momirović, 1970). The main objective and task of this research is to determine the mutual 
relations of composition, structure, inner unity and complex of basic kinetic elements and 
morphological characteristics of the organism. 

  



METHODS 
 
 
Participants  
 
A sample of respondents was chosen for this research out of 15-years-old male population. The 
planned and formed sample of 124 respondents is sufficient for any correlation coefficient equal or 
higher than 23 to be considered different than zero with a margin of error of less than .01 or a 
confidence level of .99.  
 
Instruments 
 
Variables were chosen for evaluating relations between basic kinetic elements of the effectorial 
system and anthropological dimensions. A sample of measuring instruments was formed according to 
the objectives and tasks of the research. Variables were chosen for evaluating the basic kinetic 
elements of the effectorial system and anthropometrical dimensions. 
 
Based on that, the variables for evaluating basic kinetic elements have been determined: 
(1) For evaluating resistance in motion in the case of individual movement: l. lifting with legs from a 
squat position (EPDNKG), 2. pressing with arms from a lying position (EPDRKG), 3. pulling with arms 
from a lying position (EPPRKG). 
(2) For evaluating amplitude in motion in the case of individual movement: l. lifting with legs from a 
squat position (EPDNM), 2. pressing with arms from a lying position (EPDRM), 3. pulling with arms 
from a lying position (EPPRM). 
(3) For evaluating time in motion in the case of individual movement with weight: l. lifting  
with legs from a squat position (EPDNS1), 2. pressing with arms from a lying position  
(EPDRS1), 3. pulling with arms from a lying position (EPPRS1). 
(4) For evaluating time in motion in the case of individual movement without weight: l. lifting with legs 
from a squat position (EPDNS2), 2. pressing with arms from a lying position (EPDRS2), 3. pulling with 
arms from a lying position (EPPRS2). 
(5) For evaluating resistance in motion in the case of repeating movement: l. lifting with legs from a 
squat position (ESDNKG), 2. pressing with arms from a lying position (ESDRKG), 3. pulling with arms 
from a lying position (ESPRKG). 
(6) For evaluating amplitude in motion in the case of repeating movement: l. lifting with legs from a 
squat position (ESDNM), 2. pressing with arms from a lying position (ESDRM), 3. pulling with arms 
from a lying position (ESPRM). 
(7) For evaluating time in motion in the case of repeating movement with weight: l. lifting  
with legs from a squat position (ESDNSI), 2. pressing with arms from a lying position   
(ESDRS1), 3. pulling with arms from a lying position (ESPRSI). 
 
Longitudinal, transversal and circular dimensions of the skeleton and subcutaneous fat tissue define 
anthropometrical variables: 
(1) For evaluating longitudinal (L) skeleton dimensionality: 1. body height (AVT), 2. leg length (ADN), 
3. arm length (ADR), 4. biacrominal range (ASK). 
(2) For evaluating transversal (T) skeleton dimensionality: 5. elbow diameter (ADL), 6. wrist diameter 
(ADRZ), 7. knee diameter (ADK). 
(3) For evaluating volume and body-mass: 8. body weight (AT), 9. average thoracic perimeter (AOG), 
l0. stretched upper arm perimeter (AON), 11. bent upper arm perimeter (AONK), 12. lower leg 
perimeter(AOP). 
(4) For evaluating subcutaneous fat tissue: 13. skin fold of the back (AKNL), 14. skin fold of the 
abdomen (AKNT), 15. skin fold of the lower leg (AKNP). 
 
 
Procedures 
 
The procedure for estimating with basic kinetic elements was carried out with the help of a 
measuring system that has been built and adapted according to the drawings at the Faculty of 
Maritime Studies in Rijeka. The measuring and collecting of information was carried out with the use of 
a measuring instrument called «KINESIOMETER» (M. Dodig, 1987), which has been connected to a 
computer and has enabled the measuring of analog values of movement or inactivity of parts of the 



body or the whole body. Transmission of information and the coding was carried out through an 
analog – to – digital converter (ADC). The position of a certain movable body part or the whole body 
can be determined with the use of the kinesiometer with a rotational linear potentiometer, which 
measures the changeable resistance. For each motion, basic kinetic elements, namely resistance (kg), 
time of motion (s) and the amplitude or motion path (m) were isolated with the use of the kinesiometer. 
The procedure for estimating morphological characteristics was carried out consistently with the 
objective and tasks of the research and according to the method recommended by the International 
Biological Program. Furthermore, the measuring instruments were proposed according to that model. 
Tests that have been used for the purposes of this research were already validated in a range of 
previous studies and they were chosen in a way that they cover virtually all dimensions of the 
hypothetical model. The procedure for evaluating anthropological measures is created on the basis 
measuring particular anthropometrical values.  
 
The problem of correlation of the areas referred to above was solved with the help of the canonical 
correlative analysis, the algorithm and program called COCAIN. The program has been written in 
5.2/m version of the SS language (K. Momirović, M. Gredelj, M. Herak, 1980.) library SRCE SS - 
MIKRO. The basic logic of the algorithm and program is founded on an orthogonal parsimonic 
transformation of canonical dimensions of two sets of variables, previously transformed into standard 
main components. The method aims to the simple form of structure of the canonical factors, avoiding 
singular sets of variables. The underlying criteria for extracting and interpreting canonical dimensions 
is based on the determination that only those canonical dimensions are important, which are joined to 
the canonical correlations the squares of which are bigger than the average coefficient of 
determination of any analyzed set of variables determined on the basis of another set. The retained 
canonical dimensions were transformed into an orthogonal parsimonic position that enables a simpler 
interpretation of the canonical factors.  
 
 
RESULTS 

 
Significant correlations, represented in the matrix of cross-correlations (table 1), were obtained with 
the optimal linear combination of variables of basic kinetic elements and variables of morphological 
characteristics. 
Table 1 
MATRIX OF CROSS – CORRELATIONS VARIABLES OF BASIC KINETIC ELEMENTS AND 
MORPHOLOGICAL CHARACTERISTICS 
 
  AVT AT AND ADR ASK ADL ADRZ ADK AO 
 
EPDNKG  .13  .40  .08  .09  .12  .31  .20  .33  .39 
EPDNM  .85  .55  .76  .72  .52  .44  .35  .39  .38 
EPDNS1  .22 -.05  .31  .19  .02  .06  .05 -.05 -.12 
EPDNS2  .36  .19  .33  .31  .16  .13  .18  .03  .16 
EPDRKG  .16  .55  .17  .09  .18  .41  .35  .42  .62  
EPDRM  .64  .47  .59  .61  .48  .39  .27  .28  .33 
EPDRS1  .04 -.10  .13  .01  .05 -.01  .12 -.05 -.16  
EPDRS2 -.05 -.15  .09 -.02 -.03 -.07  .01 -.15 -.22  
EPPRKG  .24  .58  .18  .19  23  .43  .27  .41  .59  
EPPRM    .54  .36  .50  .39  .34  .25  .24 . 31  .27  
EPPRS1 -.04 -.17 -.13 -.08 -.08 -.09  .02 -.16 -.13 
EPPRS2  .08  .03  .03  .00 -.05  .01  .02 -.11  .05 
ESDNKG -.08  .18 -.11 -.13  .13  .04  .07  .06  .26 
ESDNM -.01  .16 -.03 -.04  .18  .00  .07  .04  .21  
ESDNS1 -.14  .03 -.13 -.16  .09 -.06  .03 -.04  .10 
ESDRKG  .18  .34  .15  .11  .08  .26  .17  .07  .16  
ESDRS1  .05  .01  .05  .07  .15  .40  .26  .40  .45 
ESPRM    .33  .34  .33  .31  .13  .28  .20  .30  .29 
ESPRS1  .25  .27  .26 . 24  .09  .24  .17  .22  .20 
 
 
 



 
AON AONK AOP AKNL AKNT AKNP 
 

EPDNKG  .47  .50  .39  .19  .12  .07 
EPDNM  .24  .24  .32  .00  .04  .07 
EPDNS1 -.15 -.11 -.21 -.08 -.16 -.14 
EPDNS2  .07  .03  .13  .07  .10  .05  
EPDRKG  .68  .73  .51  .24  .17  .12  
EPDRM  .23  .24  .24  .12  .11  .09 
EPDRS1 -.16 -.14 -.16  .01 -.07 -.03 
EPDRS2 -.17 -.20 -.21 -.08  .00  .02 
EPPRKG  .59  .64  .48  .23  .21  .17 
EPPRM    .22  .23  .26  .01 -.03 -.01 
EPPRS1 -.16 -.15 -.22 -.08 -.09 -.10 
EPPRS2 -.07 -.09 -.07  .08  .03 -.01 
ESDNKG  .25  .27  .18  .13  .03 -.01 
ESDNM  .14  .17  .14  .08 -.01 -.02 
ESDNS1  .07  .11  .06  .02 -.08 -.09 
ESDRKG  .41  .40  .31  .10  .11  .10 
ESDRM  .14  .12  .12 -.03  .02  .03 
ESDRS1  .04  .03  .01 -.04  .03  .03 
ESPRKG  .50  .50  .46  .12  .07  .08 
ESPRM    .33  .32  .33  .04 -.01  .02 
ESPRS1  .28  .26  .25  .02 -.02  .01 
 
Legend: 
 
EPDNKG - lifting with legs from a squat position, EPDRKG - pressing with arms from a lying position, 
EPPRKG - pulling with arms from a lying position, EPDNM - lifting with legs from a squat position, 
EPDRM - pressing with arms from a lying position, EPPRM -  pulling with arms from a lying position, 
EPDNS1 - lifting with legs from a squat position, EPDRS1 -  pressing with arms from a lying position, 
EPPRS1 - pulling with arms from a lying position,  
EPDNS2 - lifting with legs from a squat position, EPDRS2 - pressing with arms from a lying position, 
EPPRS2 - pulling with arms from a lying position, ESDNKG - lifting with legs from a squat position, 
ESDRKG - pressing with arms from a lying position, ESPRKG - pulling with arms from a lying position, 
ESDNM - lifting with legs from a squat position, ESDRM  - pressing with arms from a lying position, 
ESPRM - pulling with arms from a lying position, ESDNSI - lifting with legs from a squat position, 
ESDRS1 - pressing with arms from a lying position, ESPRSI - pulling with arms from a lying position. 
 
AVT - body height, ADN - leg length, ADR - arm length, ASK - biacrominal range, ADL - elbow 
diameter, ADRZ - wrist diameter, ADK -  knee diameter, AT - body weight, AOG - average thoracic 
perimeter, AON - stretched upper arm perimeter, AONK - bent upper arm perimeter, AOP - lower leg 
perimeter, AKNL - skin fold of the back, AKNT - skin fold of the abdomen, AKNP - skin fold of the 
lower leg. 
 
By observing that part of the cross-correlations matrix in which the variables of basic kinetic elements 
of the amplitude in motion are located, one can notice that there is a bipolarity relating to the amplitude 
in motion in case of individual movement and to the amplitude in motion in case of repeating 
movement. It should be pointed out that mutual correlation of the variables of the amplitude in motion 
on one hand and variables of time in motion on the other hand is highest in the treated area, which is 
particularly emphasized in the area of time in motion in case of repeating movements. Variables of 
basic kinetic elements intended for the measurement of resistance in motion show a similar behavior, 
with a difference that bipolarity is less emphasized and correlation is higher. A somewhat weaker 
correlation of variables of the amplitude in motion with variables of resistance in motion relates mainly 
to the motion occurring in individual movements, while there is a significantly high correlation with the 
variables of resistance in motion occurring in repeating movement. With basic kinetic elements of time 
in motion, the correlation of variables is relatively weak. It is obvious that the variables of time in 
motion in the case of no weight don’t have much in common with the variables of time in motion in the 
case of movements with weight. Generally, it can be noticed that there is a higher correlation of 
variables that were the carriers of information of basic kinetic elements in repeating movements. That 



is logical because there is a higher correlation for realization of motion in repeating movements; this 
correlation emerging as an answer of the regulatory mechanism to the number of motion repetitions. 
Some variables significantly depart from the rest and that primarily relates to the element of time in 
motion. This is probably the case of the significant quantity of specific variance, which gives certain 
independence to basic kinetic element of time in motion.  

 
A global analysis of the part of the matrix of cross-correlations of morphological characteristics reveals 
the existence of a relatively good correlation. That particularly relates to those anthropometrical 
variables intended for evaluating longitudinal dimensionality of the skeleton, voluminousity and 
transversal dimensionality of the skeleton. A somewhat weaker correlation can be found with variables 
intended for measuring the subcutaneous fat tissue. Noticeably high correlation between variables 
which were used for evaluating longitudinal dimensionality, mass and voluminousity of the body is 
completely understandable. Anthropometrical variables intended for measuring longitudinal and 
transversal dimensionality of the skeleton show similar behavior. The correlation between the sets of 
variables intended for evaluating subcutaneous fat tissue and variables for evaluating measures of the 
body volume is very high, what reveals their supplementarity. Variables for measuring subcutaneous 
fat tissue have the weakest correlation with the variables of longitudinal and transversal dimensionality 
of the skeleton. In addition, significant correlations of previously defined longitudinal dimensionality of 
the skeleton, body volume, subcutaneous fat tissue and transversal dimensionality are clearly 
noticeable.  

 
Regarding morphological characteristics of the presented set, there is a high correlation and the group 
predetermination. Within the morphological area there are groups with emphasized and similar 
factorial structures, which were already obtained in previous studies (Momirović and others, 1969, 
Kurelić and others, 1975). The cross-correlations matrix implies that there are significant satisfactory 
and positive correlations of these two areas. Out of all morphological characteristics, the variables of 
longitudinal dimensionality show the highest correlation with basic kinetic elements. Such grouping of 
correlations is justified, especially since it is known that the amplitude in motion occurring in individual 
movements is conditioned upon morphological characteristics. This is obviously the case of length of 
levers, that is the length of an anatomically determined path. The variables of resistance in motion 
have realized a similar, significant and high correlation of basic kinetic elements with the 
morphological characteristics. Since the overcome resistance in motion is in major part determined 
with the structure for generating intensity and the duration of energy releasing, the morphological 
characteristics, particularly volume, body mass and transversal dimensionality of the skeleton, 
represent the factor which significantly participates in the realization of motion with increased demands 
for overcoming resistance.  

 
Variables of time in motion have shown a somewhat weaker correlation in these two areas. However, 
those morphological variables that are used for measuring subcutaneous fat tissue show the weakest 
cross-correlation in the entire area. A planned analysis of the relation between basic kinetic elements 
and morphological characteristics is not possible solely on the basis of linear characteristics of 
variables. That is particularly indicated by the structure of the cross-correlation matrix from which it can 
be seen that the variables of basic kinetic elements and variables of morphological characteristics are 
arranged in sets which will later, very faithfully, reproduce a factorial structure. It is obvious that the 
analyzed areas are not mutually independent and that basic kinetic elements considerably depend on 
a certain optimal combination of morphological characteristics.  

For the purpose of studying the coordinates of the areas of basic kinetic elements and morphological 
characteristics, important main components of the cross-correlation matrix were used. Therefore, the 
problem of determining canonical correlations between systems was reduced to solving characteristic 
equations on the basis of significant characteristic roots and associated characteristic vectors of the 
cross-correlations matrix. On the basis of criteria that extracted only those canonical dimensions 
associated with canonical relations the squares of which are larger than the average determination 
coefficient (table 2), the structures of main components have been formed based on residual variance 
in each following succession of the extraction of characteristic roots of the cross-correlation matrix.  
 
 
 
 
 
 



Table 2 
MAIN COMPONENTS OF THE CROSS – CORRELATION MATRIX 
OF BASIC KINETIC ELEMENTS AND MORPHOLOGICAL CHARACTERISTICS 
 
  Ro  Ro2  h2

    
1.  .9263  .8581  .6651  
2.  .8532  .7280  .4559  
3.  .6495  .4219  .3943 
4.  .6186  .3826  .0595  
5.  .4989  .2489  .0558  
6.  .4608  .2123  .1666  
7.  .4313  .1860  .1130 
8.  .3950  .1561  .0500 
9.  .3604  .1299  .1247 
10.  .3381  .1143  .0853 
11.  .2700  .0729  .0975 
12.  .2380  .0566  .2491 
13.  .2100  .0441  .0390  
14.  .1548  .0240  .0622 
15.  .1366  .0187  .0218 
   
Legend: 
Ro – Canonical Correlations 
Ro2 – Roots of Canonical Equation 
h2 – Communalities Hotelling 
 

The number of significant main components representing mutual covariability of basic kinetic elements 
and anthropometrical variables, and the percentage of the mutual variance of basic kinetic elements 
variables and anthropometrical variables (table 3), was reproduced with five characteristic roots of the 
cross-correlations matrix. For the exploitation of the mutual variance of the analyzed area, five 
canonical roots where sufficient to explain the covariability between the system of  21 variables of 
basic kinetic elements and 15 anthropometrical measures. Since the system of variables is well 
structured, the number of extracted significant characteristic roots was optimal, considering the total 
quantity of variance and the number of variables. Canonical dimensions in the area of main 
components were deduced by the transformation of standard main components and orthogonal 
transformations (table 4 and 5). The first main component exhausts 24% of the total variability of the 
whole system of variables. The first pair of canonical variables can be very simply interpreted 
considering the variables show a high mutual correlation. Accordingly, the correlation of .92 with the 
logical positive value can be fully explained since it approximates the relations of amplitudes in motion 
occurring in individual and repeating movements and the length of limbs. In the light of the above, the 
first canonical dimension is formed in the area of basic kinetic elements and morphological area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 3 
EIGENVALUES (HOTELLING) CROSS – CORRELATIONS MATRIX 
OF BASIC KINETIC ELEMENTS AND MORPHOLOGICAL CHARACTERISTICS 
 
  LAMBDA    %  ACCUMULATED 
 
1.  .8581   .2348   .2348 
2.  .7280   .1992   .4340 
3.  .4219   .1154   .5495  
4.  .3826   .1047   .6542 
5.  .2489   .0681   .7223 * 
6.  .2123   .0581   .7804  
7.  .1860   .0509   .8313 
8.  .1561   .0427   .8740 
9.  .1299   .0356   .9095 
10.  .1143   .0313   .9408 
11.  .0729   .0200   .9608 
12.  .0566   .0155   .9763 
13.  .0441   .0121   .9883 
14.  .1240   .0066   .9949 
15.  .0187   .0051            1.0000 
 
Legend: 
LAMBDA – characteristic roots of the cross – correlation matrix 
% - part of common 
ACCUMULATED – number of significant main components representing mutual covariability  
* - salients marked with asterix,  last counted eigenvalues  
 
 
 
Table 4 
SIMPLE STRUCTURE IN VARIABLES OF MORPHOLOGICAL CHARACTERISTICS 
 
  SDM EMD TDIM TCIM TDRM   
 
AVT  (.96)  .19 -.08 -.13  .00 
AT   .50 (.72)  .08 -.15  .18 
AND  (.91)  .13 -.01  .23 -.04 
ADR  (.82)  .18  .23 -.18  .12 
ASK  (.56)  .24  .27 -.11  .09 
ADL   .41 (.53)  .04  .17  .30 
ADRZ   .31 (.37) -.11  .17  .03 
ADK   .34 (.56)  .34  .05  .07 
AOG   .27 (.78) -.15 -.16  .20 
AON   .11 (.84) -.02  .10  .15 
AONK   .09 (.90)  .08  .13  .10 
AOP   .23 (.71)  .18 -.22  .01 
AKNL  -.03  .32 -.03  .01 (.57) 
AKNT   .03  .27  .05 -.01 (.67) 
AKNP   .08  .18  .01 -.01 (.46) 
 
Legend (see Table 1) 
SDM - spatial dimensionality of motion 
EMD - energetic motion dimensionality 
TDIM - time dimensionality of individual motion 
TCIM - time in case of individual movements 
TDRM - time dimensionality of repeating motion 
 
 
 



Table 5 
SIMPLE STRUCTURE IN VARIABLES OF BASIC KINETIC ELEMENTS  
  
  SDM EMD TDIM   TCIM   TDRM   
 
EPDNKG  .06 (.60) -.15 -.11 -.01 
EPDNM (.94)  .11  .03  .04  .03 
EPDNS1  .25 -.09 (.56) -.04  .00 
EPDNS2 (.41) -.03  .05  .29  .07 
EPDRKG  .05 (.93)  .04 -.04  .07  
EPDRM (.71)  .13  .03 -.03 -.23 
EPDRS1  .06 -.15 (.38) -.06 -.10  
EPDRS2  02 -.23 (.40) -.10 -.18  
EPPRKG  .17 (.74) -.25  .05 -.08  
EPPRM  (.55)  .20  .16 -.11  .22  
EPPRS1 -.06 -.14 -.02 (.33) -.03 
EPPRS2  .07 -.08 -.10 (.52) -.04 
ESDNKG -.16 (.37) -.25  .02  .28 
ESDNM -.05  .21 -.30 -.03 (.32) 
ESDNS1 -.20  .19 -.20 -.12 (.38) 
ESDRKG  .13 (.52)  .07  .17  .04 
ESDRM (.32)  .08  .03  .09  .10  
ESDRS1  .07  .00  .09 -.04 -.05  
ESPRKG  .27 (.61)  .00  .11  .16 
ESPRM    .32 (.38)  .11 -.15  .23 
ESPRS1  .25 (.32)  .15 -.14  .18 
                                                                                                                
Legend (see Table 1 and 4) 
 
The amplitude in motion occurring in individual movement represents a limiting area in which the 
length of levers - limbs has a significant importance. Here the efficiency of exploitation depends on 
their length and accordingly their contribution is considerably higher. However, the motion amplitude 
realized in repeating movements represents the path traveled in that motion, which is defined as a 
successive repetition of individual movements and is limited by the mechanism for generating intensity 
and the duration of energy releasing which also effected their decreased projections on the first 
canonical dimension. Consequently, it is more probable those persons with a larger longitudinal 
dimensionality will achieve better results. Clearly, the first canonical dimension in the area of basic 
kinetic variables and anthropometrical variables can be interpreted as a spatial dimensionality of 
motion. Long limbs, in another words long levers, not only make it more possible to realize the motion 
amplitude in individual movements because of their length, but they also produce a biomechanical 
functioning of the kinetic chain during the realization the motion amplitude in repeating movements. 
Because of long limbs, the resistance that has to be overcome has to have a significantly larger 
trajectory during motion, so as to ensure the optimal biomechanical functioning of the kinetic chain, 
than in the case of the short lever system. Since with all treated movements in this study, it is mostly 
the case of straight-lined movement with overcoming outer resistance, it is certain that precisely long 
levers of one kinetic system are the most efficient. Exactly in this kinetic-morphological combination of 
the first canonical factor, the limb length finds its full justification.  

 
The second pair of canonical dimensions also has a relatively high coefficient of canonical correlation 
of .85 and absorbs 20% of the total variance of the whole system. Despite of their structures which are 
not balanced sufficiently, it is possible to interpret this simply. The basic kinetic elements factor, 
namely overcome resistance in motion occurring in individual and repeating movements, is 
considerably better defined and has the characteristic of a very substantial latent dimension, unlike the 
anthropometrical factor which is above all a single or perhaps a dual factor rather than one pure, 
substantial, latent dimension. Since this is the case of overcome resistance in motion occurring in 
individual and repeating movement and since efficiency has been measured with measures for 
overcome maximal resistance, it is logical that the respondents with larger volume and body-mass and 
larger transversal dimensionality of the skeleton achieve better results. Therefore, the high correlation 
can be explained since the treated area approximates the relation of overcome maximal resistance 



occurring in individual and repeating movements, volume, body-mass and transversal dimensionality 
of the skeleton.  

 
What is important, reliable and solely distinctive for this pair of canonical factors is the positive 
influence of the dimension of volume, body-mass and transversal dimensionality of the skeleton on the 
outcome of motion in which a certain maximal outer resistance occurring in individual and repeating 
movement has to be overcome. The fact that the morphological complex which favors the generating 
of resistance in motion is acting as the second generator of covariability of morphological 
characteristics of transversal and circular dimensionality, shows that the resistance overcome in 
motion fairly depends on the morphological characteristics. The second canonical factor of variables of 
basic kinetic variables and anthropometrical variables represents the energetic motion 
dimensionality. This dimension is similar to a certain dimension close to the general factor of this 
area or at least to the main component of the area. What is essential is that it passes through the area 
of variables considerably closer than the vectors which represent the group of measures of the 
amplitude and time in motion.  

 
The third component exhausts 11% of the total variance out of the total covariability of the whole 
system of variables with mutual correlation of .65. Considering the information structured upon 
residuals of the variance of the first and second components, the third main component can be 
considered significant. The structure of the third main component is defined by the projections of 
variables of time in motion, in particular the time of performance of motion with upper limbs with and 
without weight in individual and repeating movements. In addition, there is a strong projection of the 
variable which is manifested by time in motion with lower limbs with weight in individual movement. 
Interestingly, the projections of anthropometrical variables on this isolated canonical dimension are 
very weak. The best, however not sufficiently low projections are those of the variables of arm length, 
pelvis width and knee diameter. The third factor in the area of basic kinetic variables and 
anthropometrical variables represents the time dimensionality of individual motion. This factor 
reliably exists as time in motion occurring in individual movements with lower and upper limbs. A very 
small presence of projections of anthropometrical variables on the third isolated canonical factor 
shows that time in motion occurring in individual movements of lower and upper limbs does not 
significantly depend on morphological characteristics. In any case, the third canonical dimension 
belongs exclusively to the covariability within the complex of time in motion occurring in individual 
movements, and has no significant influence on the time in motion occurring in repeating movements. 

 
The fourth component exhausts 10% of the total covariability out of the whole system of variables with 
the correlation of .62. The practical value of this dimension is very small because it emits too little 
useful information. In fact, variables that measure motion time in case of individual movements of 
the upper limbs and just one unconvincing anthropometrical variable have significant projections on 
this dimension.  

 
The fifth main component exhausts significantly less of the total variance compared to the fourth 
(6,8%), with the correlation coefficient of .50, which is a border value, but a much better defined one. 
The variables of motion time in repeating movements and all variables of the morphological area, 
which cover the sub-space defined with the subcutaneous fat tissue, have significant projections on 
the isolated fifth main component. Fourth and fifth main components have emerged as a consequence 
of hyperfactorization. However, a canonical dimension representing time dimensionality of 
repeating motion could be formed with their compressing. 

 
The connection within the third, fourth and fifth pair of canonical variables shows that basic kinetic 
elements manifested as time in motion contributed to that. Since they are oriented topologically, it is 
important to notice that in all cases variables that measure time in motion, realized with and without 
weight, were projected onto the same factor. The obtained results unquestionably show that 
morphological characteristics influence the relation of the majority of basic kinetic elements. Basic 
kinetic elements and anthropometrical characteristics are closely connected, with that connection 
demanding a mutual study of these two areas when basic kinetic elements are at stake. The said 
assertion is also confirmed by the obtained correlation coefficients between pseudocanonical variables 
of the set of basic kinetic elements and of the set of anthropometrical variables, obtained after 
transformation of the structural matrixes to a simpler form (table 6). Since latent dimensions were 
formed on a mutual variability in which the vectors of variables stretch the same area, it is possible to 
determine the relations of those factors and main components of the analyzed sets. The influence of 



particular morphological structures on a particular actual existence of the structure of basic kinetic 
elements was determined on that basis.  
Table 6 
MATRIX CANONICAL COEFFICIENTS CORELATIONS BETWEEN PSEUDOCANONICAL 
DIMENSION OF BASIC KINETIC ELEMENTS AND MORPHOLOGICAL CHARACTERISTICS 
 
    SDMM   EMDM   TDIMM   TCIMM   TDRMM  
 
SDMK   .8901  .1318   .0224    -.1001    -.0015 
EMDK  -.0413  .8504  -.1210     .1510    -.0401 
TDIMK   .1025 -.1917  -.2105     .5208    -.1306 
TCIMK  -.0256 -.0232  -.5742    -.2032     .1604 
TDRMK    .0104 -.0106  -.1806    -.0914    -.5119  
 
Legend (see Table 4) 
Index M - dimension morphological  
Index K - dimension kinetic 
 
The research of relations of basic kinetic elements with morphological dimension was carried out by 
the condensation and transformation of the obtained results to the varimax position. The factorial 
structure of the canonical dimensions in the varimax position has not significantly changed. It is 
noticeable that the canonical configuration of the varimax factor intensifies and emphasizes the 
contribution of particular factors, whereas the first dimension is still dominant and makes the complete 
insight into the relation structure possible. The structure of the first pseudo-canonical factor isolated in 
the area of basic kinetic elements and morphological characteristics intensifies the relation between 
the motion amplitude in individual and repeating movements and the longitudinal dimensionality of the 
skeleton. High correlation coefficients of the pseudo-canonical variables show a significant unity and 
consistence of structure, which determines a stable existence of this factor. The second isolated factor 
in the treated area shows similar behavior, with high correlation coefficients between pseudo-
canonical variables. The third and fourth canonical factors have a significantly weaker structure, with a 
low, but satisfactory correlation coefficient between the pseudo-canonical variables. Therefore, this is 
the case of domination of time in motion occurred in individual movement, with an insignificant 
influence of morphological characteristics on time in motion occurred in individual movements. The 
fifth factor, which in fact has a satisfactory unity and consistence of structure that secures the 
existence of this factor, has the lowest correlation in the area of pseudo-canonical variables. 
Generally, the morphological characteristics are extremely significant for the realization of basic kinetic 
elements. They represent an actual biomechanical basis for overcoming resistance and motion 
amplitude, and partly time in motion occurred in repeating movements, either as a factor that facilitates 
or as the factor that makes difficult the realization of basic kinetic elements. Having that in mind, 
morphological characteristics can be extremely significant for realization of motion in which one’s own 
body or its part is moved, or some other object in space is moved, and in all cases where a certain 
resistance in motion has to be overcome independent of the motion time occurred in individual 
movements.  
 
 
DISCUSSION 
 
The main objective of this research is directed to studying the quality and degree of correlation 
between basic kinetic elements and morphological characteristics. The research was conducted on a 
sample of 124, 15-years-old, male respondents. A total of 21 kinetic measures obtained with the help 
of instruments and with the use of the ergometrical method has been used for evaluating basic kinetic 
elements. Variables where chosen so they hypothetically cover basic kinetic elements in kinetic 
structures manifested in individual and repeating movement, defined as time, resistance and amplitude 
in motion. For the purpose of evaluating morphological characteristics in a way prescribed by the 
International Biological Program, 15 anthropometrical measures were utilized. Variables where chosen 
so they hypothetically cover the morphological area, defined as longitudinal dimensionality of the 
skeleton, transversal dimensionality of the skeleton, subcutaneous fat tissue, volume and body-mass. 
The correlation between basic kinetic elements with morphological characteristics has been computed 
with a series of two canonical-correlative analyses – COCAIN. The canonical analysis has shown a 



very high correlation of the kinetic elements system and the morphological characteristics system. A 
well-structured area made the extraction of five important canonical dimensions possible.  

The first canonical dimension is made out of a pair of canonical variables, which are clearly 
determined by the amplitude in motion and the longitudinal dimensionality of the skeleton. Out of the 
total variability, this dimension exhausts 24% of the total variance, which are mutually highly correlated 
and fully explain the obtained projections, since they approximate the relations of long limbs in the 
motion amplitude.  The second par of canonical dimensions is also correlated with relatively high 
canonical correlation coefficients, which exhaust 20% of the total variance of the system. The 
variables of resistance in motion and the variables of circular and transversal dimensionality of the 
skeleton contribute the most, or in other words show the strongest projections. The area approximates 
the relation of volume, body-mass and transversal dimensionality of the skeleton and the overcome 
maximal motion resistance. The third, fourth and fifth canonical dimensions are defined with time 
variables, that is the motion duration which is topologically oriented. It is obvious that basic kinetic 
elements manifested as time in motion don’t depend significantly on morphological characteristics. 
Generally, basic kinetic elements, namely resistance and amplitude in motion have significant 
canonical relations with morphological characteristics, which is not the case with time in motion. The 
determined correlation and relations of these areas are essentially rooted in basic biomechanical laws 
on the influence of the length of levers, angular speed and body mass, or the influence of body height 
on the efficiency of the functioning of the kinetic chain in relation to various functional mechanisms for 
regulation of basic kinetic motions.  
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