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INTRODUCTION
When talking about sports and competitive swim-

ming, it can be said that swimming falls in order of cy-
clic sports, in which, according to form (shape, figure) 
and the way of performing, relatively simple movements 
are dominant, movements which are always the same 
and which repeat alternately during a certain technique 
swimming (Okičić, Mаdić,  & Aleksаndrović,  2007). 
One of the basic factors of movements and motions of 
a man are motor abilities. Motor abilities participate 
in solving motor assignments and provide successful 
movement, regardless whether they were acquired via 
training or not (Malacko & Radjo, 2004). Strength or 
muscle strength is the ability which creates proficient 
maximal force Fmm. The force manifests when body 
is deforming or moving. The force is a vector quantity 
which is characterized by: a) intensity,  b) direction  and 
c) point of offensive. When we talk about muscle power, 
we differ: absolute and relative power. Under absolute 
power it is implied the maximal strain that a muscle de-
velops when it is unable (not in condition) to lift any 
load. Relative muscle power equals the ratio of abso-
lute muscle power measured in Newtons (N), accord-
ing to the size of the surface physiological cross-section 
of that muscle in square-meters (cm2). Respectively, to 

compare the strength of different persons, power per ki-
logram of body weight or relative power is being calcu-
lated (Zatsiorky,  & Kraemer, 2009). 

Specificity of expressing strength in sports swim-
ming conditions is connected with the fact that the 
swimmer is in the water in reduced gravity, but with a 
much greater resistance, he is forced to constantly co-
ordinate working movements, with preservation of dy-
namic balance with the rhythm of breathing (breathing 
rhythm). The muscle power which does the ongoing and 
alternate movements of “paddling” hands and alternate 
leg working is responsible for swimmers drive. Propul-
sive force is well known as an important component 
of swimming performances, and one of the most often 
used methods for complete evaluation is full-tethered 
swimming, which is known in foreign literature as full-
tethered swimming (Bollens et al., 1988; Barbosa et al., 
2010; Dopsaj et al., 2003; Lutomsky et al., 2008; Pa-
poti et al., 2007). Short distance performances depend 
to a large degree on muscle contractions for overcoming 
swimmers’ external burdens. There are, also some other 
factors that affect the final result (score) in a competi-
tion, such as technique, stroke speed and length, legs 
contribution, swimming age and maturity (Vorontsov et 
al., 1999), swimmers training biography and swimming 
discipline (Yeater et al., 1981).
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METHODS
The sample of this research consisted of 20 

(twenty) active swimmers from the Swimming club 
„Niš 2005“ and  Swimming club „Sveti Nikola“ from 
Niš. The age of the subjects questioned was between 
16 (sixteen) and 18 (eighteen), and they were all males. 
Their basic style is breaststroke, and all of them have 
competed in the distances from 50m to 200m. In this 
study (paper), for the evaluation of basic characteristics 
of pulling force, the method of full-tethered swimming 
with maximum intensity in the duration of 30 seconds 
in a 50m swimming pool has been used. The dependent 
variable was time achieved within the distance of 100m 
with breaststroke style of swimming (P100m), which 
was accomplished before the testing, in which all the 
swimmers participated. The independent variables are 
the following: Analysis of pulling force (Chart 1), spe-
cifically for hands breaststroke, specifically for legs 
breaststroke and coordination of breaststroke tech-
nique, which is:

a) Absolute force values: A) value of maximal 
pulling force Fmax, achieved in a specific time period, 
expressed in N/s.  B) value of relative middle pulling 
force FmeanRel achieved in a specific time period, 
expressed in N/s.

b) Relative force values: A) value of relative 
maximal pulling force FmaxRel, achieved in a specific 
time period, expressed in N/s. B) value of relative 
middle pulling force FmeanRel, achieved in a specific 
time period, expressed in N/s.

Measurement process
The measurement of strength parameters was held 

in an indoor 50m poll in the Sports complex “Cair” in 
Nis, with the use of full-tethered swimming style. After 
the 800m warm up, under the guidance of the swimming 
professor, the measuring took place. All the subjects 
have tried the full-tethered swimming with a classic 
breaststroke style. In that way, they are familiar with the 
equipment and used to the procedure and demands of 
the measuring. After a 15 minute relaxation period, the 
testing started off in the following way: On one side of 
the swimming pool, a metal holder has been installed 

(Picture 1), with a dynamometer set on it and connected 
onto a computer. Dynamometer was connected with 
a PVC rope, 1cm thick and 3m long, and which was 
hooked onto the swimmers’ back side, in the hip area. 
After placing all the necessary equipment, the swimmer 
has to swim full-tethered style for 10 seconds and with 
a medium intensity, in order to get to know the equip-
ment and the testing procedure. After 1 minute rest, the 
measuring began.

    

        Picture 1. Dynamometer with a holder used for 
measuring the pulling power for 

full-tethered swimming

The swimmers started with full-tethered swim-
ming (using full technique-both hands and legs), with 
a medium intensity, and after two or three movements, 
on the sign of time keeper, they swam with maximum 
intensity for 30 seconds, using breaststroke style. On the 
whistling mark, time keeper’s assistant, who was oper-
ating the computer, has started the program for measur-
ing and collecting data. After a period of 30 seconds, the 
other whistling sound marked the end of measuring. In 
that way we provided the recording of propulsive pow-
er, measured for 30 seconds. All the data has been kept 
stored in the computer and analyzed with the appropriate 
software «IMADA».

Methods of data processing
In order to come to certain conclusions, all the 

received data were statistically processed in a program 
„STATISTICA 17“. On an univariate level, central and 

Chart 1. Illustration of recording the pulling force carried 
out in the full-tethered swimming test 
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dispersive parameters (descriptive statistics) will be cal-
culated for all variables, and those are: aritmetic middle 
(Mean), minimal (Min) and maximal (Max) numeric 
score (result), range (Range), standard deviation (SD), 
symmetry of result distribution (Skewness), and the 
elongation (extension) of result distribution (Kurtosis). 
For determination of the strength effect (predictory va-
riable) on the results of the speed of swimming on 50m 
classic-breaststroke style (criterium variable), regres-
sion analysis will be used. Thereby, it will be calculated: 
coefficient of multiple correlation (R), determination 
coefficient (R Square), significance level (p). Partial re-
gression coefficient (Beta), and its significance (p), cor-
relation coefficient (R) and partial relation coefficient 

(part-R), will be calculated for each predictory variable.

RESULTS  AND DISCUSSION
In table 1, basic statistic parameters of predictor 

variables (absolute and relative forces) and criteria vari-
ables of 100m breaststroke swimming speed are shown. 
Given that the standard deviation with both variables, 
predictor and criteria, is substantially less than 1/3 arith-
metic mean, it can be stated lower variability of results 
(higher homogeneity). As for the measures of devia-
tion from normal distribution in the sense of its asym-
metry skjunis (Skew.), normal symmetry of distribution 
with most variables can be noted, given that the value 
of skjunis is between +1 and -1. That also indicates 
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Table 1. Basic statistic parameters of predictory and criteria variables

Variables        Mean         Min       Max          Range          SD      Skewness       Kurtosis
    nFmax 427.90 288.0 492.0 204.0 71.50 -1.36853 0.29988
    nFmean 214.23 146.0 243.5   97.5 34.26 -1.42611 0.38804
    rFmax 408.85 326.0 495.0 169.0 53.79  0.03932 -0.81746
    rFmean 204.43 165.0 245.5   80.5 24.92 -0.09846 -0.88257
    tFmax 652.75 469.0 780.0 311.0 114.01 -0.40001 -1.09683
    tFmean 321.70 234.0 391.0 157.0 59.61 -0.16587 -1.50924
    nFmaxRel 5.34 3.4 6.7 3.27 1.05 -0.87233 -0.14018
    nFmeanRel 2.69 1.7 3.36 1.62 0.53 -0.72430 -0.27237
    rFmaxRel 5.07 4.3 5.59 1.34 0.47 -0.78207 -0.55669
    rFmeanRel 2.52 2.2 2.77 0.61 0.22 -0.77429 -0.84818
    tFmaxRel 8.13 5.6 9.28 3.70 1.36 -1.23450 -0.03102
    tFmeanRel 4.00 2.8 4.64 1.85 0.70 -0.88869 -0.81740
    P100m 67.92 64.6 70.36 5.81 1.91 -0.73868 -0.43867

 Table 2. The matrix of predictory variables (absolute) and
criteria variables inter-correlation

  Variables nFmax nFmean rFmax rFmean tFmax tFmean P100m
   nFmax 1.00
   nFmean 1.00 1.00
   rFmax -0.08 -0.13 1.00
   rFmean -0.12 -0.16 0.99 1.00
   tFmax 0.79 0.78 0.31 0.31 1.00
   tFmean 0.73 0.72 0.42 0.42 0.99 1.00
   P100m 0.88 0.86 0.19 0.17 0.96 0.92 1.00

                   The matrix of inter-correlation, all above 0,47 are significant coeficients 

Table 3. The matrix of predictory variables (relative) and
criteria variable inter-correlation

   Variables nFmaxRel nFmeanRel rFmaxRel rFmeanRel tFmaxRel tFmeanRel P100m
   nFmaxRel    1.00
   nFmeanRel    0.99    1.00
   rFmaxRel    -0.00    -0.02     1.00
   rFmeanRel     0.11     0.10     0.94     1.00
   tFmaxRel     0.83     0.81     0.16     0.29     1.00
   tFmeanRel    0.76     0.75     0.31     0.43     0.98     1.00
   P100m     0.65     0.60     0.14     0.21     0.89     0.86   1.00

                   The matrix of inter-correlation, all the coefficient above 0.65 are significant
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appropriate adjustment of the difficulty of the task to 
the treated sample of the subject. Only with variables 
nFmax, nFmean and tFmaxRel, distribution tilts to the 
left side, which indicates there were much poorer results 
compared to arithmetic mean. However, with kurtosis 
values (Kurt.) were with most variables quite less lower 
than 2.75, which speaks in favor that the distribution of 
results is incompact, that is, platicurtical.

In the table 2, inter-correlations of absolute vari-
ables (predictor) and criteria variables are shown.

By analyzing it, we can note that all coefficients 
are statistically significant. All the coefficients above 
0.47 are significant. The highest correlation coefficient 
is between the variables nFmax and nFmean (1.00), then 
between nFmax and rFmean (0.99), and then between 
tFmax and tFmean (0.99), and so on. As for the statis-
tically significant correlation with P100m criteria, sta-
tistically significant correlations had variables nFmax, 
nFmean, tFmax, tFmean.

In the table 3, inter-correlation of relative variables 
(predictory) and criteria variables P100m are shown. 
With its analysis it can be noted that not all the coefficient 
are statistically significant. All the coefficient above 
0.65 were significant. The highest correlation coefficient 
is between the variables nFmaxRel and nFmean Rel 
(0.99), then between tFmaxRel and tFmeanRel (0.98), 
and then between rFmaxRel and rFmeanRel (0.94), 
etc. As for the statistically significant correlation with 
P100M criteria, statistically significant correlations had 
the variables nFmaxRel, tFmaxRel i tFmeanRel. 

Table 4 results indicate that there is statistically 
sifnicifant variable effect for the evaluation of strength 

on 100m breaststroke swimming result (p=0.00). That is 
also comfirmed by the high multiple correlation coeffi-
cient value (R= 0.99), whereby the common variance is 
explained with 99% (R2=0.99). Individually, the biggest 
effect on the swimming score have nFmax (p=0.01), 
nFmean (p=0.01). and tFmax (p=0.00).

Table 5, results show that there is statistically 
significant effect of variables for the evaluation of rela-
tive strength for 100m breaststroke swimming score 
(p=0.00). That is also comfirmed by the high multiple 
correlation coefficient value (R= 0.99), whereby the 
common variance is explained with 97% (R2=0.97). 
Individually, the biggest effect on the swimming sco-
re have nFmeanRel (p=0.02), rFmaxRel (p=0.00), 
tFmaxRel (p=0.00) and tFmeanRel (p=0.00). Dopsaj, 
Matković & Zdravković (2000) have in the study (pa-
per) got the results which indicate that in the case of im-
plementing full-tethered swimming test with premium 
sprint swimmers, it is more adequate to analyze/observe 
achieved values of force impulse and growth gradient 
of stroke force than maximal, because they as mecha-
nical characteristics better describe sprinter’s physical 
preparation.

 CONCLUSION
For the purposes of the effect of strength on swim-

ming speed research, 12 variables have been applied (6 
variables of absolute strength and 6 variables of relative 
strength) from predictor group and 100m breaststroke 
style swimming speed used as criteria variable. Study 
(research) included 20 active swimmers from Swimming 
club „Niš 2005“ and  Swimming club „Sveti Nikola“ 
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Table 4. Regressive analysis for 100m breaststroke (the effect of strength 
variables on 100m breaststroke swimming result)

    Variables       R        Part-R      Beta  t       p
    nFmax 0.875474 0.633596 3.60032 2.95278 0.01
    nFmean 0.857550 -0.626188 -3.40444 -2.89578 0.01
    rFmax 0.194232 -0.090803 -0.17731 -0.32875 0.74
    rFmean 0.169026 0.023323 0.04071 0.08412 0.93
    tFmax 0.962247 0.752602 1.27733 4.12096 0.00
    tFmean 0.919261 -0.413842 -0.47609 -1.63907 0.12

                     R= 0.99       R²= 0.99         F(6.13)=601.22         p=0.00 

Table 5. Regressive analysis for 100m breaststroke (the effect of relative strength 
on 100m breaststroke swimming score)

    Variables        R       Part-R       Beta   t        p
    nFmaxRel 0.651544 0.199573 0.40095 0.73434    0.47
    nFmeanRel 0.599274 -0.583774 -1.22539 -2.59242    0.02
    rFmaxRel 0.135045 0.721120 0.66504 3.75288    0.00
     rFmeanRel 0.212441 -0.021475 -0.01189 -0.07745    0.94
    tFmaxRel 0.890015 0.882152 6.32060 6.75345    0.00
    tFmeanRel 0.861867 -0.841716 -4.94877 -5.62092    0.00

                  R= 0.99        R²= 0.97          F(6.13)=82.537          p=0.00
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from Niš, whose main style is breaststroke. Based on the 
results of this study, and in accordance with the set goal 
and the research tasks, it has been concluded that there 
is strength effect on the 100m breaststroke swimming 
speed, both apsolute and relative strength, and accord-
ing to P100m criteria (swimming  100m breaststroke). 
Accordingly, optimal conditions for the development of 
strength with swimmers at this age should be created, in 
which case that strength can have effect on swimming 
efficiency in sprinter’s dicipline with breaststroke tech-
nique.
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