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REVIEW ARTICLE 

Summary: Adequate preparation of the leg extensors is highly important especially 
in sports which involve several jumping techniques. Information on force-time 
characteristics of the certain muscle group is the basic information on athlete ability 
which are gathered with intention to control the athlete`s physical preparation. The 
aim of this paper was to determine descriptive and sexual dimorphism of different 
specific isometric characteristics of force-time model related to leg extensors in elite 
volleyball Serbian players. Nineteen male (height=199.21±4.94 cm, 
mass=91.05±6.95 kg, age=22.58±2.97 years) and twenty female 
(height=184.65±7.00 cm, mass=70.65±6.15 kg, age=22.92±3.73 years) elite 
volleyball players performed a standardized “isometric leg press” test in order to 
assess the characteristics of isometric force from their leg extensors. The 
measurement range was defined by 8 variables according to 4 different dimensions 
– 1) the level of achieved force, 2) rate of force development, 3) the time necessary 
for reaching the certain level of force, 4) different index parameters; covering the 
space of basic, specific and special characteristics of leg extensors muscle force. 
MANOVA established that there is a significant difference of p < 0.05 in all 
contractile characteristics among observed sub-samples at the level of Wilks´ 
Lambda 0.098, F = 25.814, p = 0.000. The present findings demonstrated that the 
male volleyball players produce higher values than the female players in all 
contractile characteristics of covering the space of specific and special 
characteristics of leg extensors muscle force. It is highly likely that these differences 
cannot be explained only on the basis of sexual differences, but on the basis of 
overall intensity and volume and/or type of power and strength training during the 
training process as well, factors which deserves attention in work with athletes. The 
obtained data can be used as a reverse information on characteristics of a certain leg 
extensors contractile ability in elite volleyball players in order to follow fitness 
profile of athletes, to control and optimize training process. 
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INTRODUCTION 

Technical and tactical requirements in volleyball include frequent changes of 
direction in frontal and lateral plane, numerous high and long jumps, as well as jumps 
which are characteristic for volleyball (Ziv & Lidor, 2010). Such characteristics require 
adequate preparation and high performance in terms of sport technique, tactics and 
both basic and specific physical preparation. Regarding the three extensors groups of 
knee joints maximal and explosive isometric force, the most important influence on the 
level of rebound have both characteristics of knee joints extensors force. No matter 
what kind of jump is being performed during the game, the muscle involvement of leg 
extensors is 56% (Jarić, 1987). According to many authors (Zatsiorski & Kraemer, 2006; 
Ivanović et al., 2011; Ivanović et al., 2019; Ivanović et al., 2020), the diagnosis of physical 
preparation and athletes selection within the contractile abilities, estimated using basic 
parametres, that is, using the level of maximal force realization (Fmax) or indicator of 
explosiveness (RFDFmax), do not provide valid data for its optimisation. Only values of 
developed force in the function of time generated during the isometric (static) muscle 
contraction, with it's own characteristics (Force-time characteristics) are the 
fundamental data on contractile ability. Therefore, information on the force-time 
characteristics of a certain muscle group equates to basic information concerning the 
ability of an athlete, which is gathered with a view to controling his physical preparation 
(Zatsiorski & Kraemer, 2006; Muminović et al., 2022).  Eight variables were observed in 
this paper, covering the following spaces: 1) force level at 50% of its maximum, at 30% of 
its maximum; 2) rate of force development – specific and special explosiveness; 3) time 
parametres – time necessary for reaching the 50% of maximal force, the 30% of maximal 
force and 4) synergy index – as a criterion of relation between explosive (RFD) and 
maximal force at the level of 50% and 30% of its maximum. 
 

MATERIALS AND METHODS 
Participants 

The subject sample included 39 examinees devided into 2 different groups 
on the basis of gender: elite male volleyball players (EliteM, N = 19) and elite female 
volleyball players (EliteF, N = 20). The collected basic anthropo-morphological 
characteristics were as follows: BHF = 184.65 ± 7.00 cm, BMF = 70.65 ± 6.15 kg, BMIF 

= 20.70 ± 0.92, AGEF = 22.92 ± 3.73 years, TrainingperiodF = 11.42 ± 3.70 years; BHM 

= 199.21 ± 4.94 cm, BMM = 91.05 ± 6.95 kg, BMIM = 22.94 ± 1.56, AGEF = 22.58 ± 2.97 
years, TrainingperiodM = 10.71 ± 2.80 years. All tests were conducted in the 
Laboratory for assessing the basic motoric status in Serbian Institute of sport and 
sport medicine, using the same procedure and equipment. In order to conduct 
unified testing and to obtain the most objective results, all athletes were tested over 
the same period, at the beginning of the main pre-competitive mezocycle training. All 
the examinees were suggested not to have hard exercise minimum 48h, nor to eat 
minimum 2h before testing. Each subject was informed of the potential risks and 
discomforts associated with the investigation, and measurings were carried out with 
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the willing consent of the examinees in accordance with the ACSM’s guidelines for 
exercise testing and prescription (ACSM’s, 2006) and after the permission of Ethical 
Comitee of the Faculty for sport in Belgrade, Serbia. 
 
Procedures 

Maximal isometric force was measured using a leg extension dynamometer 
(Serbian Institute of sport and sport medicine, Belgrade). Subject were seated on the 
bench, so that their hip angle was 110°, knee angle 120°, and ankle angle 90°.  After 
the individual 5-minutes warm-up and introducing with the measuring procedure, 
each examinee had four attempts, with one minute rest between trials. The subjects 
were instructed to exert their maximal force as fast as possible. In order to assess 
the contractile characteristics of the leg extensors isometric muscle force (bilateral), 
standardized equipment was used, i.e. metal device. A foot-platform fixed to the 
frame by strain-gauge transducers and standardized “isometric leg press” test was 
used following the earlier described procedures (Ivanović, 2010, 2010a; Ivanović et 
al., 2010; Ivanović et al., 2011; Ivanović et al., 2019; Ivanović et al., 2020) (Figure 1). 
Data were collected at 2000 Hz using interface box with an analog to digital card 
(National Instruments, NI PCI-4461, Austin, TX, USA). All data were recorded and 
analyzed using specially designed software system (M_S_NI, Nikola Tesla Institute, 
Serbia, Belgrade).  

Thereafter, the data were processed by a PC computer. Maximal isometric 
force (Fmax) was defined as the highest values of the force (N) recorded during the 
bilateral isometric leg extension. The attempt with the highest basic level of rate of 
force development of leg extensors was chosen for the analysis. In our previous 
research (Dopsaj & Ivanović, 2011; Ivanović & Dopsaj, 2013), the obtained results 
showed that the applied measuring procedure and used measuring instruments, i.e. 
tensiometric device with the following hardware and software system, as well as 
measuring variables which represented the basic contractile characteristics of the 
isometric force of leg extensors in the seating position, are statistically very reliable 
in the function of specialized and sophisticated measuring equipment for testing 
well and highly trained athletes. 



 

92 
 

 

Figure 1. The Measuring Device for Assesing Maximal Leg Extensors 
Isometric Force 
 
Variables 

The measurement range was defined using the 8 variables which can be 
sistematized in following moduls of the contractile characteristics covering the 
space of specific (at 50% of its maximum) and special (at 30% of its maximum) 
characteristics of leg extensors isometric muscle force: 

 Modul for evaluating the level of force development 
- Specific characteristic of achived force was defined at the 50% of maximal 
force – F50%, expressed in N. 
- Special characteristic of achived force was defined at the 30% of maximal – 
F30%, expressed in N. 

 

 Rate of force development as a modul for evaluating achieved explosiveness 
- The indicator of specific level of rate of force development of leg extensors or 
the S gradient of the leg extensors force, as a rate of force development achieved at 
50% of Fmax was measured by applying the following procedure (Zatsiorsky & 
Kraemer, 2006): 

50%

50%
50%

tF

F
RFD 

 

- The indicator of special level of rate of force development of leg extensors, as 
a rate of force development achieved at 30% of Fmax was measured by applying the 
following procedure: 
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30%

30%
30%

tF

F
RFD 

 

     

 Synergy index – as a modul of relation between explosive (RFD) and achived 
force  
- Specific Synergy Index, as a criterion for evaluating the specific level of rate 
of force development of leg extensors achieved at 50% of  Fmax, in the range of the S-
gradient (Ivanović, 2010; Ivanović et al., 2011):  

50%

50%
   SPEC

F

RFD
IndSNG 

 

- Special Synergy Index, as a criterion for evaluating the special level of rate of 
force development of leg extensors achieved at 30% of  Fmax (Ivanović, 2010; 
Ivanović et al., 2011):  

30%

30%
   SPECIJ

F

RFD
IndSNG 

 

 Time parametres 
- time necessary to reach 50% of maximal force – tF50% in s, 
- time necessary to reach 30% of maximal force – tF30% in s. 
 
Statistical Analysis 

All the obtained results were statistically evaluated by the method of 
descriptive statistics, the multivariate statistical procedure General Linear Model – 
multivariate procedure and post-hoc test (Bonferroni’s test) (Hair et al., 1998). All 
statistical operations were carried out by applying the Microsoft ® Office Excel 2003 
and the SPSS for Windows, Release 17.0 (Copyright © SPSS Inc., 1989–2002). 

 

RESULTS 
The results of the descriptive statistic for the total sample in terms of gender 

of the examinees are presented in Table 1. The coefficient of variation of the 
observed variables in male examinees ranged from 16.32% for the variable F50% to 
45.76% for the variable RFD30%. In female subsample the coefficient of variation 
ranged from 26.32% for the variable F50% to 98.88% for the variable tF30%. The 
average values of the observed leg extensors isometric force characteristics for the 
subsample elite female volleyball players ranged from 1315.9±346.3 N for F50% to 
789.5 ± 207.8 N for F30%. At the level of explosiveness from 13903.7 ± 9074.1 N-s for 
RFD50% to 13086.9±9095.2 N-s for RFD30%. At the level of relation between 
explosiveness and the maximal force development from 10.736±6.180 for 
IndSNGSPEC to 17.032 ± 10.944 for IndSNGSPECIJ (index values) (Table 1). Average 
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values of the observed characteristics of the leg extensors isometric force in male 
volleyball players were measured at the level of 2040.2±333.0 N for F50% to 1224.1 ± 
199.8 N for F30%.  At the level of explosiveness from 22130.8±9759.6 N-s for RFD50% 
to 23441.0 ± 10726.5 N-s for RFD30%.  At the level of time parameters from 
0.103±0.032 s for tF50% to 0.059 ± 0.022 s for tF30%. At the level of relation between 
explosive and maximal force development from 10.723±3.769 for IndSNGSPEC to 
18.858 ± 7.114 for IndSNGSPECIJ (index values) (Table 1). 
 

Table 1. Descriptive Statistics for the Total Subsample in Terms of Gender 
 

Force-time 

characteristics 

Female (N=20) Male (N=19) 

Mean±SD cV% Min-Max Mean±SD cV% Min-Max 

F50% (N) 1315.9±346.3 26.32 910.1-1955.1 2040.2±333.0 16.32 1131.0-2661.0 

F30% (N) 789.5±207.8 26.32 546.1-1173.1 1224.1±199.8 16.32 678.6-1596.6 

RFD50% (N-s) 13903.7±9074.1 65.26 2402.3-30882.6 22130.8±9759.6 44.10 9142.5-56388.0 

RFD30% (N-s) 13086.9±9095.2 69.50 1559.4-28223.8 23441.0±10726.5 45.76 8923.1-48990.0 

tF50% (s) 0.162±0.134 82.89 0.055-0.412 0.103±0.032 36.50 0.043-0.203 

tF30% (s) 0.131±0.129 98.88 0.028-0.377 0.059±0.022 32.34 0.028-0.113 

IndSNGSPEC (index) 10.736±6.180 57.57 2.426-18.182 10.723±3.769 35.15 4.931-23.485 

IndSNGSPECIJ (index) 17.032±10.944 64.26 2.656-35.398 18.858±7.114 37.73 8.889-35.740 

 
Multivariate statistical analysis established general statistically significant 

difference in all tested characteristics at the level of Wilks` Lambda 0.098, F = 
25.814, p = .000, among the observed subsamples. Partial statistically significant 
difference was established in following variables: F30% F = 44.251, p = .000; in RFD30% 

F = 10.610, p = .002; in tF30% F = 5.536, p = .024; in RFD50% F = 7.442, p = .010; F50% F 
= 44.251, p = .000. In variables tF50%, IndSNGSPECIJ statistically significant difference 
was not established (Table 2). Table 2 represents absolute and relative differences 
of the observed force-time characteristics in the elite volleyball players in terms of 
gender. 

Table 2. Partial Differences of the Observed F-t Characteristics in Elite 
Volleyball Players 

 

Force-time 
characteristics 

Absolute 
differences 

Relative 
differences % 

Significant 

F50% (N) 724.4* 55.05 0.000 
F30% (N) 434.5* 55.05 0.000 
RFD50% (N-s) 8227.1* 59.17 0.010 
RFD30% (N-s) 10354.1* 79.12 0.002 
tF50% (s) -0.059 -36.42 0.066 
tF30% (s) -0.072* -54.96 0.024 
IndSNGSPEC (index) -0.013 -0.12 0.994 
IndSNGSPECIJ (index) 1.826 10.72 0.543 
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The results showed that male examinees have higher average values of the 
observed characteristics in following variables: in variable F50% difference was at the 
absolute level of 724.4 N, that is, at the relative level of 55.05%; in variable F30% 

difference was at the absolute level of 434.5 N, that is, at the relative level of 55.05%; 
in variable RFD50% difference was at the absolute level of 8227.1 N-s, that is, at the 
relative level of 59.17%; in variable RFD30% difference was at the absolute level of 
10354.1 N-s, that is, at the relative level of 79.12%; in IndSNGSPECIJ the absolute value 
at the index level was 1.826, that is, at the relative level of 10.72%, respectively. The 
results showed that female examinees have higher average values of the observed 
characteristics in following variables: IndSNGSPEC, the difference in index values was 
0.013, 0.12%; in tF50% difference was 0.059 s, 36.42%; in tF30% the difference was 
0.072 s, 54.96%.  
 

 

Graph 1. Gender Dimorphism of the Observed Characteristics of Leg 
Extensors Isometric Force in Elite Volleyball Players 
 
The gender dimorphism is at the level from -1.2203 for variable tF30% to 0.4417 for 
variable RFD30%. At the level of achieved force, the dimorphism differences were 
0.3550 at the absolute level. At the level of explosiveness, the dimorphism 
differences were at the level from 0.3717 for RFD50% to 0.3717 for RFD50%. At the 
level of time parameters from -1.2203 for tF30% to -0.5728 for tF50%. At the level of 
relation between explosive and maximal force development from 0.0968 for 
IndSNGSPECIJ to -0.0012 for IndSNGSPEC (index value) (Graph 1). 
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DISCUSSION 
In terms of gender, the results of all examined indicators for evaluating leg 

extensors isometric force, except the variable IndexSNGSPEC, showed higher values 
in male examinees. The highest differences were measured in general indicator of 
leg extensors explosiveness RFD30% (79.12%), while the lower differences were 
measured in IndSNGSPECIJ (10.72%) (Table 2). The results of absolute contractile 
characteristics of the leg extensors isometric force in female examinees showed 
62.09% of deficit in regard to average values in male examinees. In relative (index) 
values, as a criterion for evaluating relation between explosive and maximal force 
development, the average values are even lower – 5.30%. 

In previous researches, gender dimorphism was mainly monitored at the 
level of maximum isometric force. Average percentage difference values of the 
maximal force in the terms of gender, in available literature, were at the level of 
approximately 30% for the benefit of male examinees (Komi & Karlson, 1978; 
Hakkinen, 1991; Demura et al., 2003; Dopsaj et al., 2009; Schmitz & Shulz, 2010).  In 
order to establish differences of maximal leg extensors isometric force in terms of 
gender, Komi & Karlsson (1978) established that the average values of maximal leg 
extensors isometric force in female examinees were at the level of 80.3% of the 
measured average values in male (171.9 ± 30.0 kp vs 214.2 ± 54.5 kp), while the 
average values of time necessary to reach 70% of maximal force in female examinees 
were at the level of 198.9% of measured values in male examinees (to achieve the 
same level of force, female examinees needed 2 times more time, 748.1 ± 344.2 ms 
vs 376.3 ± 255.7 ms). Similar results were established in order to define sexual 
dimorphism of different muscle groups in elite basketball players (Hakkinen, 1991). 
The coefficient of sexual dimorphism for leg extensors maximal isometric force was 
at the level of 0.6955, for maximal trunk flexion force was at the level of 0.5240 and 
for the maximal trunk extension force was at the level of 0.5860. It was also 
established that male examinees needed less time to achieve the same level of 
maximal force, especially in higher values of force level (to achieve force of 2000 N 
female examinees needed 331 ± 19 ms and male 93 ± 24 ms). In order to define 
sexual dimorphism of maximal hand grip force, established coefficient was at the 
approximately same level as maximal force in different muscle groups, for the right 
hand 0.5922 and for the left hand 0.5829 (Dopsaj et al., 2009). The importance of 
evaluating the rate of force development lies in fact that the time necessary to reach 
the specific force level is sometimes very significant in the terms of gender. 
Observing the results of the mentioned researches, the differences in the variable 
time necessary to reach certain force level were higher than differences in the 
variable maximal force regarding the gender. It can be concluded that, in terms of 
gender, the differences of achieved explosive force in certain time intervals are 
higher than the differences of achieved maximal force. In elite volleyball players 
tested in our research, differences of time parameters for estimating leg extensors 
isometric force on the different level of achieved force were in range from 54.96% 
for variable time necessary to reach 30% of maximal force to 36.42% for time 
necessary to reach 50% of maximal force (Table 2).  

Obtained differences of sexual dimorphism in measured indicators for 
evaluating leg extensors explosiveness are higher than the differences of sexual 
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dimorphism in measured values of leg extensors maximal isometric force. Measured 
average differences of indicators of leg extensors maximal isometric force are at the 
level of 55.05%, while in variable explosiveness are at the level of 69.15%.  

It should be emphasized that in variables IndSNGSPEC, IndSNGSPECIJ and 
tF50% the statistically significant differences were not established in regard to 
gender (Table 2). Although the measured average values in RFD30% and RFD50% in 
volleyball players were much higher than the average values in female volleyball 
players, in variables IndSNGSPEC, IndSNGSPECIJ as a criterion for evaluating the 
relation between the level of development of explosive and maximal force at 30% 
and 50% of Fmax in time intervals that are typical for volleyball and for realization 
of the volleyball elements, no sexual dimorphism was established.  

In various sport disciplines, certain time is necessary to develop certain 
muscle force level. To perform quick, explosive moves – 50 to 250 ms and it takes 
longer to reach absolute muscle force in different muscle groups (300 ms in elbow 
flexors and knee extensors). Therefore, in certain sport disciplines high level of 
explosive force during the initial (early) phase of muscle contraction can be 
significant for performing explosive moves. Large number of physiological factors 
can influence on the RFD force development: the type of muscle fiber and myosin 
heavy chain (MHC) composition (Harridge et al., 1996), muscle cross sectional area 
(Miller et al., 1993), Fmax, visco-elastic properties of the muscle–tendon complex4 
and neural drive to the muscle (Aagaard et al., 2002). 

Sexual dimorphism in muscle cross section area (leg extensors – 25% less 
than in women), in muscle structure, muscle architecture, ratio of fibers length and 
surface of physiological cross section (surface of the fibers type II, 7700 to 4040 
µm2), the difference in the speed of the nervous activation of the muscle, the 
difference in skeletal muscle mass (33.0 to 21.0 kg, 38.4 to 30.6%) and statistically 
significant correlation of the muscle force and cross section muscle area of the leg 
extensors are the factors that influence on the lower level of muscle force in female 
subsample in regard to male subsample (Miller et al., 1993; Aagaard et al., 2002). 
However, large number of authors (Komi & Karlsson, 1978; Hakkinen, 1991; Dopsaj 
et al., 2009; Janssen et al., 2000) suggested that the differences obtained in 
measured values of maximal isometric force of different muscle groups and in other 
physical abilities – maximal force, endurance etc., cannot be explained only on the 
basis of sexual differences, but on the basis of overall intensity and volume and/or 
type of power and strength training during the training process as well, factors 
which deserves attention in work with athletes. Authors concluded that the obtained 
differences in measured values of muscle force and in cross section area of leg 
extensors muscles between tested trained and untrained population can be 
explained with differences in muscle tissue and maximal nervous activation of 
muscles during the specific training, i.e., adaptation to specific training (Komi & 
Karlsson, 1978; Hakkinen, 1991; Aagaard et al., 2002; Andersen & Aagaard; 2006; 
Andersen et al., 2010).  

Based on the results of various researches, the increase in explosive muscle 
strength (contractile RFD and impulse) after heavy-resistance strength training is 
obvious. The average value of RFD under the influence of heavy-resistance strength 
training21 is increased for 23–26% in early phase (0–50 ms) and in the late phase of 
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muscle contraction (100–200 ms) for 17–20%. Relative value of RFD (RFD/Fmax) is 
increased for 15% under the influence of training and corresponding to the very 
initial phase of muscle contraction as it involves a time interval of 30 ms relative to 
the onset of contraction (34 ms before the training, 28.5 ms after the training). 
According to Aagaardu et al., (2002), this change in relative RFD properties indicates 
that qualitative changes may have occurred in training, i.e., potentially involving 
alterations in motoneuron recruitment and firing frequency, increased incidence of 
discharge doublets, and changes in MHC isoform composition and sarcoplasmic 
reticulum Ca2+ kinetics. The large number of researches on the influence of high-
intensity resistance training on contractile rate of force development (RFD) in early 
(<100 ms) and late phases (>200 ms) of rising muscle force showed that this type of 
training is not the best choice if the goal is to increase the production of explosive 
movements (Andersen et al., 2010). In intent to test the influence of quality and 
quantity muscle adaptation, as a response to high intensity resistance training on 
contractile characteristics of the rate of force development (RFD) in early (<100 ms) 
and late phases (>200 ms), Andersen et al. (2010) conclude that in different time 
intervals of RFD respond different to high intensity resistance training during 
differential influences of quality and quantity muscle adaptation in early and later 
phases of the RFD. The results showed that RFD is higher in the later phase of 
muscle force generation under the influence of high intensity resistance training, 
while in the early phase no changes were seen. Relative value RFD (RFD/Fmax) in 
early phase is lower. Quantitative, muscle fiber cross-sectional area and Fmax 
increased whereas, qualitatively, the relative proportion of type IIX muscle fibers 
decreased. Multiple regression analysis showed that while increased Fmax positively 
influenced both early and late RFD, decreased-type IIX negatively influenced early 
RFD only.  

The results of our previous research (Ivanović, 2010), showed significant 
higher values of the tested basic and specific characteristics of leg extensors 
explosiveness in elite female volleyball players, in regard to unspecific and untrained 
population. Values of standardized differences between the observed variables of 
different trained population were between 10731.65 N-s, that is, 338.32% 
(unspecific trained female athletes) for variable RFD50%LEGEXTISO and 0.2472 
(index value), that is, 31.61% (untrained group) of deficit for variable IndexSNG in 
regard to elite female volleyball players. The existence of interaction between sport 
discipline and leg extensors force production in regard to unspecific trained and 
untrained population isn`t surprising, especially in athletes, for whom the 
adaptation is the most intensive at the force level (Ivanović, 2009; Ivanović et al., 
2019; Schiltz et al., 2009). The participation of leg extensors in sports characterized 
by great variety of jumps is highly significant. Different training methods and 
significance of leg extensors in female volleyball players improves explosiveness – 
relation of RFD and maximal force on the different levels of leg extensors force 
manifestation in female elite volleyball players in regard to unspecific trained 
population. Defining basic and specific characteristics of leg extensors explosive 
force in well trained female volleyball players, competed in the Second Serbian 
Division, tested in standing position, Rajić et al., (2008) obtained average values of 
Synergy Index of basic explosive force and maximal isometric force of leg extensors 



 

99 
 

IndexSNG = 0.7598. Comparing the results from that and our research, the difference 
values are at the level of 35.45% or 0.2694 of deficit in female elite volleyball 
players. The results have also shown that the values of leg extensors explosive force 
at the levels of 100 ms, 180 ms, 250 ms, as well at the level of 50% of maximal force 
significantly surpassed the obtained values of basic explosiveness (approximately 
four times higher). The results in our research confirmed these results – the values 
of specific isometric leg extensors force are higher than the obtained values of basic 
explosive force by 5.59 times.  

 

CONCLUSION 
This work defines the differences of basic and specific characteristics of leg 

extensors isometric force-time characteristics in elite Serbian volleyball players in 
the function of gender. Multivariate statistical analysis established general 
statistically significant differences between the observed subsamples in regard to 
gender at the level of Wilks` Lambda 0.098, F = 25.814, P = .000 for the benefit of 
male examinees. Regarding the observed contractile characteristics, dimorphism 
was at the level of 0.3550 in parameter achieved force, at the level of 0.4417 in 
RFD30% to 0.3717 in RFD50%, in parameter time necessary to reach certain force 
level, dimorphism was at the level of -1.2203 in tF30% to -0.5728 in tF50%, while in 
Synergy Index was at the level of 0.0968 for IndSNGSPECIJ to -0.0012 for 
IndSNGSPEC. In tF50%, IndSNGSPEC, IndSNGSPECIJ no statistically significant 
difference was established.  Generally speaking, it is highly likely that these 
differences may be explained not only by the sexual differences in factors such as 
cross-sectional area, muscle fiber characteristics, differences in skeletal muscle mass 
and the distribution of muscle mass in upper limbs, but by common anatomical 
differences as well and on the basis of overall intensity and volume and/or type of 
power and strength training during the training process, factors which deserves 
attention in work with athletes. 
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