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ABSTRACT

The aim of the research is to determine the reliability of testing various contractile functions of a male hand based on
motoric and functional dominance and age. The examinee takes a seat with their arm extended or mildly flexed in a
mildly abducted position. For the measuring purposes, dynamometric probe with isometric straining conditions fixed
to a special construction was used. The “Isometrics” (ver. 3.1.1) was used and frequency of data selection was realized on
the level of 500 Hz. The sample includes 269 male examinees aged from 14.0 to 69.9. The results of descriptive statistics
have shown that in relation to the tested sample for the non-dominant hand, values for maximum force (F_ ) range
from 462.8 to 529.0 N, for explosive force (RED__ ) the range is from 1621.6 to 1972.8 N/s and for muscular force im-
pulse (ImPF 50%max) from 8203.9 to 15552.3 Ns, while F values the dominant hand ranges from 478.1 to 566.2 N, for RED-
ae it Tanges from 1742.6 to 2119.0 N/sand for I_ F, .~ 9516.7 to 16845.1 Ns. The results have shown that it is reliable
to measure all three examined contractile hand characteristics where by ICC ranges from 0.938 to 0.977 for F__, from
0.903 t0 0.971 for RFD__ and from 0.747 to 0.943 for I_F_ . The second try as the better result should be considered
the representational value for F_ and RFD__ variables, regardless of the hand dominance or age group. While for the

variableI F

50%max

, in the age groups from 35.0 to 49.9 and from 50.0 to 69.9, the first tested try for both hands should be

considered, in 14.0 to 19.9 years group the second try should be taken into consideration, and in 20.0 to 34.9 age range,
the better result of the non-dominant hand is the first try, and of the dominant is the second try.
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INTRODUCTION

The complex anatomical and functional structure
of the hand is mostly directed for the assignment of
catching and holding as the dominant motoric func-
tion of this part of the hand (Fernandes et al., 2014).

Former research have dealt with various function-
al and motoric characteristics of the hand as a seg-
ment of the arm, as well as the attempt of identifying
different biomechanical aspects of the production
of the hand grip force characteristics (Bohannon,
2001; Nicolay and Walker, 2005; [Homcaj et al., 2011;
Fernandes et al., 2014). It has been determined that
the dominant hand is around 10% stronger than the
non-dominant hand (Hager-Ros and Rosblad, 2002;
Kipajuh et al,, 2012), and that men reach the abso-

lute maximum force values in the forth decade of life,
those values decrease afterwards (Massy-Westropp et
al., 2011). It has been confirmed that the children’s
and adolescent’s maximum hand grip force can be
useful for tracking biological development as well as
for function of total muscular development evalua-
tion (Bohannon, 2001; Sartorio et al., 2002; Wind et
al.,, 2010). In the fields of epidemiology and gerontol-
ogy it is used for examining the effect of older gener-
ation aging (Kerr et al., 2006), and it is also a signifi-
cant indicator of health parameters of the grown-ups,
such as density of the bone mass or the protein loss
(Foo et al., 2007).

By analyzing the data from the available literature,
it can be concluded that the examined phenome-
na of the hand contractility are mostly linked to the
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maximum force (Miiller et al., 2000; Dopsaj et al.,
2007; Aadahl et al., 2011), and the small number of
research were realized in accordance with the explo-
sive force (Demura et al., 2003; Dopsaj et al., 2009a),
as well as in accordance with the endurance charac-
teristics when producing force (Kipajuh et al., 2012).
The lack of scientific information about the metro-
logical characteristics of different contractile abilities
of thehand muscles which are obtained through the
mentioned “Hand Grip” test, compared to the age of
the examinees, is noticeable, especially when taking
into consideration the fact that during the process of
growing up (preadolescent, adolescent and post-ado-
lescent period) and during the aging process, the con-
tractile abilities of the muscles are changing (Aadahl
etal., 2011).

No matter which scientific discipline it is being
applied in, the fact is that the “Hand grip” test is ex-
tremely applicable, simple and informative when ap-
plying the standardized measuring procedure. It is
necessary to define both the new innovative values of
the very test as well as the contractile characteristics
which are measured by its application, all in order to
improve the technological procedures of obtaining
the valid and reliable information that indicate the
physical health and specialized muscular function of
the upper part of the body, i.e. the general indication
about the muscular functions of the entire body of the
population of interest. For the needs of defining such
expert system, it is necessary to form a huge data base
with referential values, where the methodological
procedure of forming data base requires initial defini-
tion of the healthy population conditions of both gen-
ders in every age category (Hager-Ros and Rosblad,
2002; Dopsaj et al., 2009b). Such piece of information
is essential when it comes to criterion and normative
values and it is used for the needs of deciding algo-
rithms, as well as more precise interpretations of the
testing results, in the sense of comparison of both top
athletes and recreationists, but also of the rest of the
population, no matter whether they are healthy, in-
jured or ill people that don’t do sports (Desrosiers et
al., 1995; Miller et al., 2000; Bohannon, 2001; Kerr
et al., 2006; Gallup et al., 2007; Dopsaj et al., 2007;
Dopsaj et al., 2009a; Ivanovic et al., 2009; Dhara et al.,
2009; Beloosesky et al., 2010; Carrasco et al., 2010).

The subject of this research is to examine different
contractile characteristics of a hand. The aim of the
research was to determine the reliability and quan-
titative descriptive indicators of different contractile
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functions of the male hand in relation to the maximum
and explosive force, as well as criterion endurance of
producing force in the function of motoric and func-
tional dominance and age. Considering the already
tested space of contractile characteristics realiability
of both lower muscles and upper extremities from the
aspect of force and explosive force where the results
showed the high level of reliability (Blazevich et al.,
2002; Demura et al., 2003; Ivanovic and Dopsaj, 2013;
Jenkins et al., 2014), similar results can be expected in
the space of hand muscles force and explosive force,
and positive results in the space of hand muscle force
impulse can be assumed.

METHODS

In case of this research, for the purpose of meas-
uring the contractile characteristics of the muscu-
lar force, the quantitative approach of sampling the
information has been applied, by the dynamome-
try method and by testing in isometric conditions
of straining ([Jomcaj, 2010). As a primary research
method, the laboratory testing with the usage of the
“Hand Grip” standardized test has been used (Dopsaj
et al., 2007; Ivanovic et al., 2009; Jomcaj et al., 2011).
The analytical and statistical methods would be ap-
plied as a basic cognitive method, as well as the meth-
od of induction,i.e. total induction.

The research sample

The sample included 269 male examinees ranging
from 14.0 to 69.9 years old, out of which 59 exami-
nees aging from 14.0 to 19.9 years old - group I (BH =
181.94+6.1 cm, BW = 77.9£10.57 kg, BMI = 23.5+2.7
kg/m?), 123 examinees aging from 20.0 to 34.9 years
old - group II (BH = 182.84+6.9 cm, BW = 86.1+14.4
kg, BMI = 25.7+3.4 kg/m?), 47 examinees aging from
35.0 to 49.9 years old - group IIT (BH = 181.7+7.2 cm,
BW = 87.5+12.4 kg, BMI = 26.5+3.41 kg/m?) and 40
examinees aging from 50.0 to 69.9 years old - group
IV (BH = 180.3%£4.77 cm, BW = 86.7+11.8 kg, BMI =
26.6£3.16 kg/m?). Twenty examinees reported their
left hand as their dominant one. The examinees were
chosen by a simple random sample from the sports
and general population. They all were familiar with
the methods of testing and they voluntarily took part
in the examination. The examination was carried out
according to the terms of Helsinki declaration and
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with the approval of Ethic Committee of the Faculty
of Sport and Physical Education University of Bel-
grade.

Measurament procedure

The examinees were tested by the application of
the standardized measurement procedure which was
previously described as follows: in a sitting position,
with the arm either outstretched mildly flexed which
is placed in the easily abducted position ([Joricaj et al.,
2011; Kmpajuh et al., 2012). The procedure was as fol-
lows - after the singly basic 3-minute warm-up (shap-
ing and stretching exercises) each of the examinees
was explained the testing procedure. After that, they
were introduced to the test by realizing 3 to 4 initial
tryouts of the hand grip on lower force intensities, i.e.
they tried to realize the endurance of each hand alter-
nately in duration of 10 seconds with the arbitrarily
selected force ranging from 150 to 200 N. After that,
each examinee performed one try of the maximum
hand grip (both with dominant and non-dominant
hand) for the sake of getting familiar with the testing
procedure and in the function of the final and specific
warming up phase as well.

After the 2 to 3-minute break, the examinees did
the test following the protocol - firstly, they realized
two alternate measurements of maximum muscular
hand grip force of both hands, on the mark of the
measurer (the examinee was free to choose which
hand he would do the test with first) in order to de-
fine the level which is 100% of the given contractile
ability (maximum contraction duration is 2 seconds).
The break between every testing tryout was at least 1
minute long.

After that, in the latter part of the procedure, after
2 to 3-minute break, the measuring of the production
of the given force capacity ensued (durability of the
isometric muscle force production), i.e. the time in-
terval during which the examinees could maintain
the given force level at 50% of the maximum was
measured, according to the before mentioned proce-
dure (Markovic et al., 2016). The assignment of the
examinees was to keep the defined level of the force
in the longest time interval as possible up until will-
ing to quit by looking at the monitor which showed
the level of force. The realization time of the given
force was measured by a software, and the task of

the measurer was to watch the screen with the ex-
aminee and to correct the examinee according to the
force realization level, as well as to verbally motivate
the examinee to endure the given task in as longer
time interval as possible. Once the examinee couldn’t
realize the defined level of force anymore, i.e. when
his performance fell below 45% of the maximum, the
attempt was stopped, and the software recorded the
total time of the endurance in the given range. After
the 5-minute break, the same test was realized with
the other hand, and after the break of at least 10 min-
utes, the endurance test for both hands was repeated,
following the same procedure.

The dynamometric probe which is fixed to the
construction and specially intended for the realiza-
tion of the “Hand Grip” testing was used (Markovic
et al., 2016), while the frequency of the selection i.e.
information sampling was realized on the level of
500Hz, and with the help of the software used for
analyzing data, called “Isometrics” (ver. 3.1.1).

Variables

The tested space was defined in accordance with
the three variables muscular hand force as follows: the
aspect of maximum force (shown in N), maximum
explosive force (shown in N/s), and the endurance in
muscular force production, i.e. the temporal aspect of
detecting the given force percentage (shown in Ns).

For the purpose of this examination, the following
variables were used:

1. Maximum muscular hand grip force - F__ :
of the dominant hand (F__ D) and the non-dominant
hand (F_ ND), through the first (1) and the second
(2) attempt, shown in Newtons (N);

2. Maximum value of the explosive force - RFD-
... absolute value of the dominant hand (RFD__ D)
and non-dominant hand (RFD__ ND), through the
first (1) and second (2) attempt, shown in Newton per
second (N/s).

3. 'The muscular force impulse, endurance of
the hand grip force, achieved on the level of 50% of
F -1 F

max mp~ 50%max

level F and the performed time during endur-

ance 0r510 /tr}l;z mentioned force level): of the dominant
hand (ImpFSO%maxD) and the non-dominant hand (I_
pFSO%maxND)’ through first (1) and the second (2) at-
tempt, which is shown in Newton-seconds (Ns).

(calculated as a product of the force
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Statistical analysis

All results were firstly analyzed by the appli-
cation of the basic descriptive statistical method
where the following was calculated: central tenden-
cies measures (arithmetic mean) and the dispersion
measures (standard deviation) and the variation co-
efficient (C,%). The data was processed by the Stu-
dent’s t test for the dependent samples. After that,
the linear regressive analyses, as well as the anal-
yses of the similarities of the variable pairs, were
calculated, i.e. the parameters of the reliability were
calculated- Intraclass Correlation Coefficient (ICC)
(Hair et al., 1998). All statistical analyses were car-
ried out with the help of software package “SPSS
19.0% while for the level of the statistical signifi-
cance, the value p < 0.05 was used.

RESULTS

The average values of muscular hand grip char-
acteristics for the dominant and non-dominant
hand of the whole sample were 501.8+97.1 N and
534.4+100.2 N for F ., 1837.0+446.2 N/s and
1984.8+494.7 N/s for RFD_ , and 13537.4+5511.4
Ns and 14458.6+6600.8 Ns for Lo Fsomar

The Table 1. shows the results of the both attempts
of the tested variables of both the dominant and
non-dominant hand in the function of age groups
of the examinees. It was noticed that the highest
measured F__ of the hand grip of the non-domi-
nant hand which was obtained from the II group for
variable F_ ND2, while the lowest level of force was
measured in the I group for the variable F_ NDI.
In accordance with the F_indicators of the domi-
nant hand, it can be noticed that the highest meas-
ured hand grip force which was determined in the II
group for the variable F_ D2, while the lowest force
measured in the I group for the variable F__ D1.
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When it comes to the RFD__variable, the results
have shown that the highest explosive hand grip
force of the non-dominant hand was measured in
IT group for variable RFD__ ND2, while the lowest
level was measured in the IV group for the varia-
ble RFD__ ND2. In relation to the obtained RFD__
values of the dominant hand one can point out that
the highest level of the explosive hand grip force was
measured in the II group for the variable RFD__ D2,
while the lowest measured results were found in IV
group for the RFD__ D1 variable.

In accordance with the I F,,  variables, the
results have shown that the greatest impulse of the
hand grip force of the non-dominant hand of the
50% below maximum was measured in group III
for the variable I F, . NDI, and the lowest level
was measured in the I group for the variable I F_
. ND1. The highest measured impulse of the hand
grip force of the dominant hand was pointed out
in III group for the variable ImpFSO%maxDl’ while the
lowest one was measured in I group for the variables
L FapmaD1L.

In relation to the established variations of the re-
sults, as well as their homogeneity measures, the re-
sults of the variation coeflicient of the reached levels
of the maximum force are within the 16.8% to 20.7%
range, while the explosive level ranges from 19.4%
to 29.8% which shows that the measured results F_
and RFD__ belong to the homogenous group of ex-
aminees, no matter the age. However in relation to
the variation of measured results of the endurance
testing while producing the muscular force, the Cv%
value ranges from 30.6 for I_F, . D2 in the group
IV, to the value of Cv% 58.0 t{)r Imsto%maXNDl in the
group I (Table 1). Although the determined level of
the variation is about 30% above the optimal value,
which means that it belongs to the non-homogenous
category, it is placed below the value of 60%, which
satisfies the conditions for the usage of the statistical
analysis in further phase of parametric statistics.
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Table 1. Descriptive statistics of the tested variables

Age groups: I 1I I v

Variables Mean Std. Cv% Mean Std. Cv% Mean  Std. Dev. Cv% Mean  Std. Dev. Cv%
Dev. Dev.
F_NDI1 (N) 462.8 87.6 18.9 519.6 98.0 18.9 507.9 105.3 20.7 481.2 87.1 18.1
F ND2 (N) 474.2 87.9 18.5 529.0 105.8 20.0 520.5 107.4 20.6 483.5 87.3 18.1
RFD__ NDI1 (N/s) 1813.2 493.0 272 1960.8 5850  29.8 1822.5 428.6 23.5 1627.9 315.7 19.4
RFD, ND2 (N/s) 1859.7 441.0 237 1972.8 581.0 294 1893.7 446.2 23.6 1621.6 316.6 19.5
Lo FspsimaeN D1 (Ns) 82039 47572 580 | 13970.3 65622 47.0 | 155523  7751.3 49.8 | 15317.7  6431.1 42.0
Lo FspsimadN D2 (Ns) 10555.6  4369.5 414 | 136859 5537.4  40.5 | 14770.2  7001.3 474 | 15137.8 51372 339
CEDN | 81 805 168 | ssee 1061 191 | 5347 1079 202 | 5030 924 184

F_ D2 (N) 497.5 87.0 17.5 566.2 105.9 18.7 557.6 112.0 20.1 516.1 95.9 18.6
RED_ D1 (N/s) 1937.8 471.6 24.3 2087.7 565.5 27.1 1970.3 456.7 23.2 1742.6 385.3 22.1
RFD D2 (N/s) 2011.0 4874 242 | 2119.0 614.1 29.0 | 2015.4 470.0 233 1794.0 407.4 22.7
ImpFSO%maxDl (Ns) 9516.7 4940.1 51.9 15101.5 71094 47.1 16845.1 7717.4 45.8 16371.2 6636.4 40.5
L FrppmaD2 (NS) 116854  4960.8 425 | 15351.7 61509  40.1 | 15845.5  6273.8 39.6 | 14798.1 45299  30.6

In relation to the results of the differences in av-
erage values of the tested variables in the function of
the tested tryouts (Table 2), it is established that the
differences in results of the first and the second meas-

age group, to t = -4.115 and p =0.000 for F_ D for
group I. The statistical significance wasn't established
with thirteen variables i.e. their results range from t =
-1.919 and p = 0.061 for RED__ ND in III age group

urement of ten couples of the variables is highly sta- tot=-0.050andp =0.961for[ F. .= ND inIV age
tistically significant no matter the age group, ranging group.
from t = -2.015 and p = 0.049 for F_ ND for the III
Table 2. The results of the differences analysis (t test)
Age group: I I 111 v
Variables: t P t P t p t p
F_NDI(N)&F_ND2 (N) 3172 0.002 | 2266 0.025 | -2.015 0.049 | -0.553  0.583
RFD, NDI (N/s) & RED, ND2 (N/s) 2374 0.021 | 0482 0631 | -1919 0.061 | 0305  0.762
I F .NDI(Ns) &I F . ND2(Ns) | -1848 0074 [ 0300 0765 | -0.857 0402 | -0.050  0.961
- E_DIN&E_D2(N) | 4115 0000 | 3267 0001 | 3857 0000 | 2788 0008
RED, D1 (N/s) & RED, D2 (N/s) 2917 0.005 | -1.409 0.161 | -1.820 0.075 | -1.903  0.064
L P D1 (Ns) &L F, D2 (Ns) 2229 0.033 | -1.351 0.183 | -0471 0.643 | 2510  0.018

Table 3. shows the results of the reliability in ac-
cordance to the questioned variables and age groups.
It has been determined that the reliability level of the
each questioned contractive characteristic of the hand
in the function of the age group is highly statistically

significant (p = 0.000 for every variable pair tested).
The ICC value of F__ ranges from 0.938 to 0.977, for
RED_ from 0.903 to 0.971, and for ImpFWmx from
0.747 to 0.943.
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Table 3. Results of the reliability (Intraclass Correlation Coefficient)

Intraclass 95% Conlf. Inte. F Test with True Value 0
Variables: ige . Correlation T ower Upper
group: Coefficient Bound  Bound Value df1 df2 P
I 0.971 0944 0984 39599 58 58  0.000
FmaxNgl N) 1 0.944 0.920 0961 18545 122 122 0.000
F._ND2 (N) 11 0.956 0918 0976 23884 46 46  0.000
v 0.977 0957 0988 43581 39 39  0.000
I 0.971 0950 0983 37513 58 58  0.000
RFDmaxN&Dl (N/s) 1 0.941 0915 0959 16798 122 122 0.000
RED__ND2 (N/s) 101 0.903 0.824 0946 10.854 46 46  0.000
v 0.956 0917 0977 22411 39 39  0.000
I 0.761 0509 0884 4430 30 30  0.000
L ND1 (Ns) I 0.875 0780 0929  7.892 49 49  0.000
L Fopun ND2 (NS) 11 0.943 0858 0977 17313 19 19  0.000
IS S A A U 2 S 0514 0891 ~ 4251 29 29 _ 0.000

I 0.938 0858 0969 20340 58 58  0.000
E_.D1(N) i 0.961 0941 0974  27.667 122 122 0.000
F_D2(N) Il 0.954 0884 0978 27937 46 46  0.000
v 0.970 0935 0985 38865 39 39  0.000
I 0.953 0912 0973 23732 58 58  0.000
RFDmgl (N/s) I 0.954 0934 0968 21963 122 122 0.000
RED_ D2 (N/s) 1l 0.964 0934 0980 28735 46 46  0.000
v 0.948 0901 0973 20566 39 39  0.000
I 0.769 0515 0889 4753 30 30  0.000
ImpFSO%mgx(Dl (Ns) il 0.747 0.557  0.856  4.002 49 49  0.000
.y D2 (N9 11 0.894 0732 0958 9104 19 19  0.000
v 0.836 0632 0925 7017 29 29  0.000

By linear regressive analysis (Table 4, Charts 1
to 6), regressive models of the testing reliability are
defined i.e. models of the linear regressive equations
of all the tested variables for all ages. Graphs show
the results of the linear regressive analysis in rela-
tion to the testing (Test 1 and 2) for the F__ variable
in the function of the non-dominant (Chart 1) and
dominant hand (Chart 2), for the variable RFD__
in the function of the non-dominant (Chart 3) and
dominant hand (Chart 4), and the ImpFSO% o Variable
in the function of the non-dominant (Chart 5) and

200 200 00 sto a0a 700 00
Fmax ND1 (N)

Chart 1

dominant hand (Chart 6). For the F__ variable the
range of the determination coeflicient (R*) for dom-
inant hand is 0.826-0.903, and for non-dominant
hand 0.811-0.912. The second variable RFD__ ranges
from 0.826-0.871 for dominant hand and 0.692-0.910
for non-dominant hand, while the [ Fo s, Varia-
ble of the determination coefficient R* ranges from
0.360-0.674 for dominant hand, and 0.401-0.808 for
non-dominant hand (Table 4). All regressive models
of reliability showed the high level of significance on
the level of p = 0.000.

w00~} P
©00-]

700-]

Fmax D2 (W)

004

400~

Fmax D1 (M)

Chart 2

Linear regression F__ for 1 and 2 attempt of non-dominant (Chart 1) and dominant hand (Chart 2)
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3500

25007

RFDmax ND2 (Nis)

1500}

S0,

2550

3500

RFDmax ND1 {N/s)

Chart 3

3500~}

ImpF50%max ND2 (Ns)

3000

RFDmax D1 (NIs)

Chart 4
Linear regression RFD__ for 1 and 2 attempt of non-dominant (Chart 3) and dominant hand (Chart 4)

ImpF50%max D2 (Ns)

o 10000

0000 30000

ImpFS0%max ND1 (Ns)

Charts 5

Linear regression I _F
mp

50%max

T
10000

ImpFS0%max D1 (Ns)

Chart 6

for 1 and 2 attempt of non-dominant (Chart 5) and dominant hand (Chart 6)

*Legend of the single result positions by age: A - age group from 14.0 to 19.9 - I age group; © - age group from 20.0 to 34.9
- II age group; O - age group from 35.0 to 49.9 - III age group; ¢ - age group from 50.0 to 69.9 200una - IV age group, and the
same color points out the regressive lines also, i.e. blue for age group I; red for age group II; yellow for age group III; green for age

group IV.

Table 4. The results of the defined models of the linear regressive equations

Variables: I T Age groups: m v

y=0.955x+32.237 y=0.972x+24.147 y=0.938+x+43.905 y=0.958x+22.537

FraNDL (N) & F,,, ND2 (N) R?=0.904 R?=0.811 R?=0.846 R?=0.912
RFD, ND1 (N/s) & y=0.853x+312.324 y=0.882x+244.349 y=0.866x+315.077 y=0.917x+128.561

RFD,,ND2 (N/s) R?=0.910 R2=0.788 R2=0.692 R?=0.836
1 FannND1 (NS) & y=0.589x+5095.834 | y=0.708+x+3881.749 | y=0.785¢x+3710.923 | y=0.488+x+7780.499

e P NDZNS) ] R=0401 | | R=0606 | | R=0808 | | R=0413

y=0.981+x+28.355 y=0.928+x+51.338 y=0.967+x+40.519 y=0.986ex+20.174

Fna D1 (N) & F, D2 (N) R?=0.826 R?=0.865 R?=0.868 R?=0.903
RFD__ D1 (Nfs) & y=0.950ex+169.398 | y=0.995ex+42.115 | y=0.960ex+123.024 | y=0.961ex+119.489

RFD,,D2 (N/s) R?=0.846 R?=0.839 R?=0.871 R?=0.826
| Fovn D1 (NS) & y=0.615x+5548.499 | y=0.603+x+6729.400 | y=0.661sx+5679.263 | y=0.545ex+5721.218

T o2 (NS) R#=0.427 R?=0.360 R%=0.674 R?=0.657
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DISCUSSION

The examinations of the contractile characteris-
tics of the hand muscles are of great importance in
predicting the functional limitations and diagnosis
of the neural disorders, and have a significant role in
the evaluation of the general level of the contractile
physical abilities development of both professional
athletes and recreationists (Desrosiers et al., 1995;
Rantanen et al., 1998; Bohannon, 2001; Wind et al.,
2010; Koley et al., 2011). Research of this type pres-
ent the permanently current field of interest of the
scientific research in order to increase the fundus of
the knowledge, and to perfect the testing procedures
in diagnostics, therapeutic and professional means
as well.

Besides higher statistically significant correlation
when it comes to repetitive action of the testing, the
statistically significant difference of the average val-
ues of the F__variables of the first and the second
attempt of the dominant hand of all the age catego-
ries, and for the non-dominant hand as well in the
first three tested groups (I, II, IIT age group)(Table
2). Other statistical analyses used to examine the
reliability of measuring, showed the extremely high
level of given characteristics of detection of maxi-
mum force (F_ ), of the hand grip of all the ques-
tioned groups on the ICC level from 0.944 to 0.977
for non-dominant hand, i.e. from 0.938 to 0.970 for
the dominant hand (Table 3). The given results are in
total confirmation with the previously determined
standards in relation to the reliability of the stand-
ard tests of the hand grip force of 0.961 for the right
hand and 0.950 for the left hand (Hamilton et al.,
1994), and respectably in accordance with the high-
er reliability of the standard tests of force of other
muscular groups ranging from ICC 0.97-1.00 for
isometric squat position and leg pushing from the
standing position (Blazevich et al., 2002), as well as
for the standard leg thrust on the Cronbach’s Alpha
level of 0.989 (Ivanovic and Dopsaj, 2013). This way,
the results showed that the usage of the isometric
testing, in relation to the maximum hand grip force
measurement is also reliable in the function among
the male sex examinees of different age. It ought to
be mentioned that because of the estimated statisti-
cally significant difference of the second measure-
ment compared to the first measurement, the result
of the second attempt, i.e. the result of the stronger
attempt should be considered as a final result.
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In the case of second tested variable, which meas-
ured the maximum level of explosive hand grip force -
RED__, the statistically significant difference between
attempts was estimated only in age group I, both in
cases of dominant and non-dominant hand (Table
2). This can be explained by the omition of the pre-
vious experience of performing the same strainings
and their initial unpreparedness for the task during
their first attempt i.e. the higher acute neuro-motoric
adaptability during their second attempt. Further sta-
tistical analysis have shown extremely high level of
reliability of the given contractile characteristic RFD-
o Of hand grip in all of the tested age groups on ICC
level from 0.903 to 0.971 for non-dominant hand,
and from 0.948 to 0.964 for dominant hand (Table 3).
As in the case of F__ these results are in confirma-
tion with the early established standards in relation
to the reliability of methods for testing the explosive
hand grip force where the ICC levels from 0.870 to
0.930 (Demura et al., 2003; Jenkins et al., 2014) i.e.
in accordance with the high reliability of the stand-
ard tests of force of the other muscular groups leveled
from 0.808 to 0.945 Cronbach’s Alpha for the stand-
ard leg thrist (Ivanovic and Dopsaj, 2013). Based on
former research and the given results of these tests
it is obvious that the usage of the isometric testing,
in relation to the measures of the maximum explo-
sive force of the hand grip test, is valid in the function
of the various groups and ages of men. One should
mention that the statistically significant difference
of the second measurement compared to the first is
detected only in age group I for both hands. Howev-
er, absolute differences in the average results obtain
are seen in favor of the second attempt, and they are
based on the descriptive statistics in all age groups,
except for group IV for non-dominant hand, where
the first attempt was better (Table 1). With all this in
mind, one can propose the measurement of the final
attempt of the explosive force, i.e. the result of the sec-
ond attempt as the final result.

While in the third tested variable which meas-
ured the impulse of the maintaining of the force on
the 50% from maximum - I F. . the significant
difference between the first and the second attempt
oftesting can be seen in I age group, but also in the
IV age group for dominant hand only (Table 2). The
important factor of this testis the usage of the sen-
sory information i.e. the visual monitoring of main-
tenance of the assigned level of the force which is at
50% of maximum, and their compatibility (motoric
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control) with the muscular characteristic (muscular
endurance), where in the disputed age categories one
may come across the process of accelerated develop-
mentor the degradation of the same, this being the
cause of obtained results (Nicolay and Walker, 2005).
Based on these results the statistically significant lev-
el of reliability of the detection of the I_F, .~ hand
grip can be seen in all tested age groups on the ICC
level from 0.761 to 0.943 for non-dominant hand,
and from 0.747 to 0.894 for dominant hand (Table
3). Functional muscular ability for manifestation of
the assigned level of the force as a measure of en-
durance, expressed as a force impulse has not been
much examined phenomena in the sports area (Nic-
olay and Walker, 2005; Kmpajuh et al., 2012). Besides
statistically significant difference between the testing

attempts I_F_ . only in the I and IV age group for

dominant halsloc/{rTTable 2), the differences in average
accomplished results can be distinguished based on
the results of the descriptive statistics (Table 1). Based
on that, it can be recommended that the value which
presents the higher endurance should be taken as a fi-
nal result, but that in the IIT and IV age group the first
testing attempt mainly presents the better result for
both hands, while in the I age group it is the second
one, and in the II aging group the mark of the better
result of the non-dominant hand is the first, and of
the dominant hand is the second attempt.

The high level of significance of the regressive
models of testing reliability of the variables of all age
groups has been established. One can say that the
great amount of variety of the second measurement
is explained through the first one and that is for F_
ranging from 81% to 91%, for RFD__ ranging from
69% to 91% and for I F, ,  ranging from 36% to
80%. There by it is notice able that the obtained re-
sults of the linear regressive analysis for F__and
RFD__ are for a bit lower than the values informer
research which range from 96 % to 99 % for both var-
iables (Giampaoli et al., 1999; Dopsaj et al.,2009b).
Regressive models of reliability [ F,, ~ were notno-
ticed as a matter of former interest, so the possibility
of comparison is omitted. This way the possibility of
the prediction of the optimal result of the measured
contractile characteristics of the hand is enabled, as
well as positioning of the actual examinee in the func-
tion of the defined population standards.

CONCLUSION

The hand grip presents the important method
which can be used to diagnose the level of the func-
tional ability of tested contractile properties of the
hand as a basic manipulative segment which shows
the basic condition of the muscular functions of the
whole organism.

In accordance with the aim of the research, quan-
titative descriptive indicators which can serve as a
means of comparing and determining the levels of
development of the stated abilities of people of var-
ious level of training, various functional and health
condition as well as of people with different stadiums
of motoric or some other disorders, and therefore
can gain the vast practice from many cognitive and
practical aspects. One can state that the “Hand Grip”
test can measure all of the three contractive charac-
teristics of the hand - maximum and explosive force,
endurance of the force of males from the age of 14.0
to 69.9 years.

Of course, as a final indicator of the contractive
muscle characteristics, the value which shows the
better score is taken into consideration. By omitting
the previous experience of performing the similar
straining and their initial motor in adaptability for
the task, it is established that the representative value
ofthe F_ and RFD__variables is best shown by tak-
ing the second attempt into consideration, no matter
the hand dominance or age group. For the variable
L Foumay after the 35% year of age, it is common to
take the first attempt for both hands, while for the
youngest tested group, the second attempt should
be taken as a definite means of testing. In the age of
20.0 to 34.9, the indicator of the better result of the
non-dominant hand is the first, and of the dominant
hand is the second attempt.
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FIABILIDAD DE MEDICION DE DISTINTAS FUNCIONES CONTRACTILES DEL
FLEXOR DE LOS DEDOS DE MANO EN HOMBRES DE DISTINTA EDAD

Resumen

El objetivo de la investigacion es establecer la fiabilidad de las pruebas de distintas funciones contractiles de la mano de varén en dependencia
de la dominacién motriz-funcional y de la edad. La persona examinada toma la posicion sedentaria con el brazo extendido o suavemente
flexible, puesto en una ligera posicion de abduccion. Para las necesidades de medicion se ha utilizado una sonda dinamométrica con las
condiciones isométricas de tension, fijada a una construccion especial. Se ha utilizado el software “Isometrics” (ver. 3.1.1), y la frecuencia de
seleccion de datos se ha realizado en nivel de 500 Hz. La muestra abarcé 269 personas examinadas del sexo masculino de 14.0 a 69,9 afios
de edad. Los resultados de la estadistica descriptiva demostraron que en relacién con la muestra examinada, los valores de la fuerza méxima
demostrada (Fmax) para el brazo no dominante estan en el rango de 462.8 10 529.0 N, para la fuerza explosiva (RFDmax) en el rango de
1621.6 mo 1972.8 N/s y para el impulso de la fuerza muscular (ImpF50%max) de 8203.9 a 15552.3 Ns, mientras que los valores Fmax para el
brazo dominante en el rango de 478.1 a 566.2 N, para RFDmax en el rango de 1742.6 a 2119.0 N/s y para ImpF50%max de 9516.7 a 16845.1
Ns. Se estableci6 que se pueden medir fiablemente todas las tres caracteristicas contrictiles examinadas de la mano, con lo que ICC estd en
el rango de 0.938 a 0.977 para Fmax, de 0.903 a 0.971 para RFDmax, y de 0.747 a 0.943 para ImpF50%max. Como un valor representativo
para las variables Fmax y RFDmax, sin tener en cuenta la dominacion de un brazo o grupo de edad, debe tomarse la segunda prueba como
mejor resultado, mientras que para la variable ImpF50%max, en los grupos de edad de 35.0 2 49.9 y de 50.0 a 69.9, debe tomarse en general
la primera prueba para ambos brazos, en el grupo de 14.0 a 19.9 afios la segunda prueba y en la edad de 20.0 a 34.9 afios el mejor resultado
del brazo no dominante es la primera y del brazo dominante la segunda prueba.

Palabras claves: PRESION DE MANO / FUERZA MAXIMA / FUERZA EXPLOSIVA / RESISTENCIA DE CRITERIO / IMPULSO DE
POTENCIA
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IIOY3JJAHOCT MEPEIbA PA3/INMYNTNX KOHTPAKTM/IHNX
OYHKIUNJA ITPETUBAYA ITPCTUJY ITAKE KOJJ MYIIIKAPAITA

PA3/INYNTOT Y3PACTA

Muan P. Mapkosuh', Munnsoj [loncaj', Henay Kopomanosckn?, Hemarma Ronuh’,
Mapuja Crankosuh*

! Yuusepsutera y Beorpagy, @akynrer criopra u GU3NIKOr BacnuTamwa, cryaest [TAC
? KpuMyHa/IMCTUYKO OMMIMjCKa aKkageMuja, Beorpan
* YHuBep3uTer ,, YH1oH — Hukona Tecna®, @axynrer 3a ciopt, Beorpan
* Bricoka 3npaBCTBeHa LIKOJIA CTPYKOBHMX CTyAuja y beorpany

Cakerak

LIw/b MCcTpaXkuBama je ia ce yTBPAU MOY3IaHOCT TeCTUPatba Pa3IMIUTIX KOHTPAKTVIHUX QYHKIIMja LIaKe MyIIKapa-
113, Y 3aBMCHOCTH Off MOTOPUYKO-(PYHKIMOHAIHE JOMUHAHTHOCTY U y3pacTa. VicnuTanuk 3aysuma cefiehir momoxaj
ca OIPY>KEHOM MM Oaro pIeKCHpaHOM PYKOM, IIOCTAaB/bEHOM Y Oaro adayKIMOHM IIONOXKaj. 3a moTpede Meperma
ymnorped/beHa je IMHaMOMETPHjCKa COHJA, Ca M30METPUjCKUM YCIOBUMA Hallpe3arba, PUKCHUpaHa 3a CIlelnjaIHy KOH-
crpykuujy. Kopuinhes je codprsep “Isometrics” (Bep. 3.1.1), a ppexBeHunja ogadupa nogaraka peannsoBaHa je Ha Hi-
Boy off 500 Hz. V3opak je odyxBaTmo 269 MCIMTaHMKa MYIIKOT II071a, y3pacra of 14.0 no 69.9 roguua. Pesynratu
JEeCKPUIITUBHE CTAaTUCTUKE Cy IIOKa3aay Jja Ce y OHOCY Ha TeCTMPAHM y30paK 32 HEJOMUHAHTHY PYKy BPEIHOCTU
ucrobere Makcumanne jadnne (F ) Hanase y pacriony oy 462.8 110 529.0 N, 3a excrinosusHy jaunny (RFD, ) y pacrio-
Hy off 1621.6 0 1972.8 N/s u 3a umnysnc mutunhHe jaunze (ImPFSO%mX) oz 8203.9 o 15552.3 N, ok cy Bpegoctu F_
3a JJOMUHAHTHY PyKy y pacrony on 478.1 mo 566.2 N, sa RFD_ 'y pacmony o 1742.6 mo 2119.0 N/s u 3a Lo Fsosimax O
9516.7 no 16845.1 Ns. YTBpheHo je fja ce IIOy3aHO MOTY MEpPUTIL CBe TPU UCIUTUBAHE KOHTPAKTIIIHE KapaKTePUCTIKe
make, npu yemy ce ICC nanasu y pacrony on 0.938 10 0.977 3a F__, o 0.903 mo 0.971 sa RFD__, n o 0.747 o 0.943
sal F. . . Kao penpesenrarusny spegnoct sa sapujadne F | u RFD -~ des 0dsupa Ha JOMMHAHTHOCT pyKe, MM
y3pacHy IpyILy, Tpeda y3suMaty APyru MOKYLIaj Kao So/bu pesynrar. [lok 3a Bapujadmy Lo Fsosmae ¥ YSPACHNM IpyHaMa
ox 35.0 1o 49.9 n op 50.0 10 69.9 roxuHA, YITTAaBHOM Tpeda y3uMaTy IPBYU TeCTMPAHY MOKYIIAj 3a 0de pyKe, y TPyIu
ox 14.0 1o 19.9 ropuHa Ipyru TeCTUpaHM IIOKYLIAj, a ¥ y3pacty of 20.0 1o 34.9 ropuna dojbu pe3ynrar HelOMMHAHTHE
PYKe je IpBM, a IOMUHAHTHE APYTY MOKYIIaj.

Kbyune peun: CTVICAK IIIAKE / MAKCUMAJIHA JAYMHA / EKCIUVIO3VMIBHA JAYMHA / KPUTEPUJYMCKA

N3OPXKJIbMBOCT / IMIIYJIC CUJIE

VBOJI

CroskeHa aHAaTOMCKa U QYHKIIMOHAHA CTPYKTY-
pa IIaKe je YIJTaBHOM yCMepeHa Ha 3a/jaTak XBaTama
U p)Kama Kao HOMUHAHTHE MOTOpMYKe (QYHKIMje
oBor gena pyke (Fernandes et al., 2014). [Jocagamma
UCTpaXMBama OaBmla Cy Ce pasauuuTuM (QyHK-
[VOHATHUM ¥ MOTOPUYKUM KapaKTepUCTMKaMa
IaKe Kao CerMeHTa PyKe, Kao M IOKYIIAjeM MIEH-
TduKanyje pasIMIUTUX OMOMEXaHUYKUX acleKa-
Ta MCIO/baBaba KaPaKTEPUCTHKA CUJIe CTICKA IIaKe

(Bohannon, 2001; Nicolay and Walker, 2005; [Toncaj n
cap., 2011; Fernandes et al., 2014). YtBpbheHo je, na je
TOMIMHAHTHA PyKa 3a 0Ko 10% ja4a of HelOMMHaTHe
pyke (Hager-Ros and Rosblad, 2002; Kpajuh u cap.,
2012), xao 1 fja MYIIKapIy aICOTyTHEe MaKCUMaHe
BPEHOCTH CUJIe HOCTIDKY Y YeTBPTOj [IeLieHUjI XK~
BOTA, a OHJIA ITOCTEIIeHO ,,onanajy” (Massy-Westropp
etal., 2011). ITorBpheHo je fa MakcuManTHa CUIa CTHU-
CKa IIIaKe KOj Jelle M afjo/iecrieHaTa Mo>ke OUTH Off
KopucTi 3a npaheme d1orouIKor pasBoja amm u 'y
bysxumju eBanyanuje yKynuor mummhHor passoja
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(Bohannon, 2001; Sartorio et al., 2002; Wind et al.,
2010). Takobe y odmacTu enmpeMnonoruje u repoH-
TOJIOTMje ce KOPMUCTH y IpoydaBamy edekara cTape-
mwa pyacke nonynanyje (Kerr et al., 2006), a 3nava-
jaH je IoKasaTes/b M 3[[paBCTBEHNX IlapaMeTapa KOf
ofipaciux 0coda, Kao LITO je TYCTMHA KOLITaHe Mace
wm rydurak nporenna (Foo et al., 2007).

Anamusupajyhy nogartke 13 ZOCTYIIHE NuTepa-
Type MOXe ce Tohu [jo 3aK/bydKa Jja Cy UCTIUTUBAHN
(dbeHOMEHU KOHTPAKTMITHOCTH I1ake BehnHOM ofHO-
ce Ha MakcuManHy cuny (Miiller et al., 2000; Dopsaj
etal., 2007; Aadahl et al., 2011), Beoma manu dpoj nc-
TPaKVBamba je pean30BaHo Y ONHOCY Ha eKCIUIO3MB-
Hy cuny (Demura et al., 2003; Dopsaj et al., 2009a),
Ka0 ¥ y OJTHOCY Ha KapaKTePUCTUKe U3APK/bUBOCTI
y ucnospaBawy cuie (Kpajuh n cap., 2012). Yowsus
je HegocraTak HayyHMX MHQOpMaImja o0 MeTpoIo-
IIKMM KapaKTepUCTMKaMa pa3IMIUTUX KOHTpPaK-
TWIHNX criocodHocTy Muinmha make godujeHux mo-
MEHYTHUM TECTOM ,,CTUCAK IlIaKe” Y OJHOCY Ha y3pacT
VICHUTAHMKA, IIOTOTOBY y3uMajyhu y 0031p unmeHn-
Iy fla ce TOKOM IIpolIleca ofjpacTama (mpemydepTer-
CKM, ITydepTEeTCKY U IOCTITyOepPTeTCKI NIePUOJ) U TO-
KOM CTaperma KOHTPaKTWIHe criocodHocTy Munha
Memajy (Aadahl et al., 2011).

bes 0d3mpa y k0joj ce HayyHOj UCTPaKMBAYKO]
odnmacTu mpuMemyje, YNbEHNIIA je [a je TecCT ,,CTH-
CaK IIIaKe  M3y3eTHO AIUIMKATVMBAaH, jefHOCTABaH U
uH(poOpMaTUBaH, IPUMEHOM CTaHAAPAN30BaHE IPO-
nenype Mepema. IlorpedHo je pmeduuucatu HOBe
VHOBaTUBHE BPEJHOCTM KAaKO CaMOT TeCTa, TaKO I
KOHTPaKTU/IHMX KapaKTepUCTMKA KOje Ce HEeroBOM
IPUMEHOM Mepe, a CBe paii)l ycaBpllaBarma TEXHO-
JIOLIKOT IIOCTYTIKA 0dMjarba BaIHNX U ITOY3AaHUX
nHpopMaluja Koje ykasdyjy Ha GU3NYKO 3[paBjbe I
crienujami3oBany Munthay QyHKIVjy ropmer mena
TeJta, OHOCHO TeHepaIHy MHANKALN]Y 0 MUIINhHIM
¢dyHKIMjaMa IIe/IoT Teja, MOMyIanuje Of MHTepeca.
3a geduHMCaka TAKBOT €KCIIEPTCKOT CUCTeMa HeOll-
XOZIHO je popMupame Benuke dase mopaTaka ca pede-
PEHTHUM BPEIHOCTIIMA, T7le METOJO/IOIIKY TOCTYIIAK
dopmupama dase 3axTeBa MHUIMjATHO AepIHICabe
CTama 37paBe IOIyIanyuje oda Ioa y CBUM y3pa-
cunM Kareropujama (Hager-Ros and Rosblad, 2002;
Dopsaj et al., 2009b). TaxBa BpcTa nHdOpMaLyja je
OJ] eCEHIMja/THOT 3HaYaja y CMUCITY KPUTEPUjYMCKUX
Y HOPMATVBHUX BPEFHOCTH 1 KOPYUCTH Ce 3a HOTpede
a/IropuTaMa OfIy4nBama I Ipelu3HUjUX TyMaderha
pesy/iTaTa TecTHpama y CMUCTY KOMIIapalyje Kako
BPXYHCKMX CIIOPTUCTA, TAKO M PeKpeaTuBala, aim
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ocTaje momynanyje, 6e3 0d3upa fa /I ce pajy o He-
TPEHUPAHUM 3paBuM, nospeheHnm mnm domecHuM
ocodama (Desrosiers et al., 1995; Miiller et al., 2000;
Bohannon, 2001; Kerr et al., 2006; Gallup et al., 2007;
Dopsaj et al., 2007; Dopsaj et al., 2009a; Ivanovic et
al., 2009; Dhara et al., 2009; Beloosesky et al., 2010;
Carrasco et al., 2010).

IIpepMeT OBOT MCTpaKMBama je UCIUTUBAKE Pa-
3IMYUTUX KOHTPAKTWIHUX KapaKTepPUCTMKA IIaKe.
Oum uctpakubama je ja ce YTBpAie MOY34aHOCT I
KBAaHTUTATVBHI AE€CKPUNITUBHM TOKa3aTe/b, Pas3/in-
YUTUX KOHTPAKTUIHMX (YHKIMja I1aKe KOJ MYIIKa-
palja pa3IMINTOr y3pacTa, y OGHOCY Ha MaKCHMAaJIHY
¥ eKCIUIO3VBHY ja4MHY, ¥ KPUTEPUjYMCKaA U3JPAKIbI-
BOCT UCIIO/baBama jaunHe y GYHKIMjU MOTOPUYKO-
-ynkimonanue gommHantHOCTH. C 0031MpoM Ha
Beh ncnuTMBaH IPOCTOP MOY3[AHOCTY KOHTPAKTHI-
HMX KapaKTepMUCTMKA Kako Muinha JOBKX Tako 1
TOPHUX eKCTPEMUTETA Ca aCIeKTa jaunHe Y eKCIIIO-
3MBHE ja4yMHe, IJie Cy pe3ylITaTy IOKasaayu BYCOK
H1BO noysganoctu (Blazevich et al., 2002; Demura
et al.,2003; Ivanovic and Dopsaj, 2013; Jenkins et al.,
2014), MO>XkeMO OYEKMBATY C/IMYHE pe3y/TaTe y Ipo-
CTOpY ja4yMHe M eKCIUIO3MBHe jaunHe Muinha ake,
a/Ivl ¥ IPETIIOCTAaBUTY IIO3UTUBHE pe3y/iTare y Ipo-
cTopy uMIyca MuihHe jadnHe Imaxe.

METO]I PAJTA

Y 0BOM MCTpaKUBamy, 3a IOTpede Meperma KOH-
TPAKTUIHUX KapaKTepUCTKa Muinhxe cume Kopu-
mheH je KBAHTUTATUBHMU NPUCTYI Y30pKOBamba I10-
[aTaka ¥ TO METOZIOM AMHAMOMeTpHje, TeCTUPabheM
y M3OMETPMjCKMM YClIoBMMa Hampesama ([lormcaj,
2010). Kao ocHOBHU MeTOf, Mepema, KopulheHo je
TadopaTOPUjCKO TeCTUpame, HMPUMEHOM CTaH/ap-
IAM30BAaHOT TecTa — ,cTucak make“ (Dopsaj et al.,
2007; Ivanovic et al., 2009; Jomicaj u cap., 2011). Kao
OCHOBHU Ca3HajHM MeTof IpuMeHunhe ce aHaIUTINY-
KU U CTaTYCTUYKU METOMI, Kao M MEeTOJ MHAYKI[uje,
OJHOCHO IOTIIYHE UHIYKLMjE.

Y3o0pak ucnuranmka

Y3opkoM je odyxBaheHo 269 ycnuTaHNKa MYLIKOT
nona, yspacra og 14.0 go 69.9 roguna, n to 59 mncnm-
TaHMKa y3pacra off 14.0 mo 19.9 ropuna - I rpyma (TB
=181.9+6.1 um, TM =77.9410.57 xr, BMU = 23.5+2.7
kr/m?), 123 ncnmraHnka y3pacra og, 20.0 mo 34.9 ro-
muHa - Il rpyna (TB = 182.846.9 M, TM = 86.1+14.4
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kr, BMU = 25.7+3.4 xr/m”), 47 ucnuranuka y3pacra
ox 35.0 no 49.9 rogmua - III rpymna (TB = 181.7+7.2
uM, TM = 87.5+12.4 x1, BMU = 26. 5+3.41 xr/M*) u
40 ncnuraHuka yspacra og 50.0 go 69.9 roguua - IV
rpymna (TB = 180.3+4.77 um, TM = 86.7+11.8 xr, BMI
= 26.6+3.16 kr/m*). Of yKyIHOTr dpoja TeCTUpaHMX,
20 ucnuTaHuKa Cy IPUjaBUIM JIEBY PYKY KaO JIOMMU-
HaHTHY. VICnUTaHNUIM Cy M3adpaHM METOJOM CITydaj-
HOT' Y30pKOBaba 13 OIIIITE 1 CIIOPTCKE IOIIy/alyje.
CBM cy 1M YIIO3HATH Ca YCIOBUMA TeCTHPamba 1 JI0-
OpOBOJBHO Cy y4eCTBOBAIN Y UCTpaXMBamy. VcTpa-
JKIBAIbE je PEalM30BaHO Y CKIay ca yCIOBUMa Xerl-
CMHIIKe JIeKIapalnyje, a y3 oflodpeme 1 CaraacHOCT
Etnuxe xommcmje ®akynrera cnopra ¥ (Qu3N4KOr
BacIuTama, YHUBep3uTera y beorpany.

IIponenypa mepema

Vicnuranuny cy MepeH) IPMMEHOM CTAaHIApAu-
30BaHe IpolLenype, y cenehem nmomoxajy ca omnpyske-
HOM WM O1aro pieKCMpaHOM PYKOM, ITOCTaB/bEHOM
y Omaro adpykumonu nonoxaj (Jomncaj u cap., 2011;
Kipajuh u cap., 2012). ITocTynak mepema je duo ce-
fehu - HaKOH CaMOCTATHOT 3arpeBarba OIIITET Ka-
pakTepa y Tpajamy of 3 MuHyTa (Bexkde odmukoBa-
1a I pacTe3ama) CBAKOM UCIINTAHMKY je odjallmbeHa
IpoleAypa ¥ HauMH TecTupama. HakoH Tora je us-
BpILIEHO YIIO3HaBalbe Ca TeCTOM, TaKO LITO CY MCIIN-
TaHMIY peann3oBany o 3-4 MHULMja/THA [TOKYIIaja
CTMCKA IIaKe Ca HYDKMM MHTEH3UTeTHMa CIIe, OTHO-
CHO TIpodam fa peannsyjy UsfgpKaj CBAKOM LIAKOM
Hal3MEHMYHO Yy Tpajamy fo 10 ceKyHam Ha Ipou-
3BO/BHO 13a0paHOM HMBOY CHJIe Y pacnoHy ox 150
1o 200 N. ITocne Tora, cBaky MCIUTAHNK je U3BEO 110
jemaH MPOOHM IOKYIIIaj MaKCHMMATHOT CTVCKA IIaKe
(HEeTOMMHAHTHOM U JOMUHAHTHOM) paju (puHamHOT
yIO3HaBamwa Ca NPOLEefypOM TeCTUpama, all U y
¢dyHK1Uju 3aBpiIHe ¢ase criennUIHOr 3arpeBama.

ITocre opmopa op 2 1o 3 MMHYTa, MCIIUTAaHUIIN
Cy HIpUCTyIIamyu Mepewy o cnefeheM mporokomy —
IIPBO CY peajn30Bajy 110 JBa Ha3MEeHNYHA Mepera
MakcuMmasnHe MumuhHe e CTHUCKA IIake ode pyke
Ha IpUIIPEMHM 3HAaK MepHola (MCINUTAaHUK je caM
dupao KOjoM PYKOM 3allouMibe TeCTHpame) paan
onpehuBama HuBoa of 100% nare KOHTpPAKTWM/IHE
CriocodHOCTM (MaKCUMaTHO Tpajatbe KOHTPaKIyje je
mo 2 cexyHpe). Ilaysa usmehy cBakor mokymaja Te-
CTUpamba jefiHe pyKe je O1ma HajMame 1 MUHYT.

HaxkoH Tora, y HacTaBKy IpoLenype, ocie 0gMo-
pa on 2 10 3 MUHYTa, IPUCTYIIMJIO CE€ MEPEIbY Kalla-
LMITeTa MCIO/baBatba 3aaTe cuie (M3PK/bUBOCT MC-

HO/baBamba N30MeTpHjcKe MuimhHe cue), OFHOCHO
MepeH je BPEMEHCK) MHTepBa/l y KOjeM Cy UCINTa-
HUIIY MOITIM Ia OJP>KaBajy 3afjaTu HUBO cuie of, 50%
0fl MaKCHMaJIHe, Y CK/IAfly ca IIPOLIelyPOM ONMCAaHOM
pannje (Markovi¢ et al., 2016). 3agaTax ncnMTaHNKa
je dmo ma rnepajyhu y MOHUTOp Ha KOMe je IpUKa3aH
HVIBO CUJIe OffpKaBajy AedUHICAaHV HUBO CUJIE Y LIITO
Iy>KeM BPeMEHCKOM IIepMOJly CBe IO BO/bHOI OTKa-
3a. Bpeme ocTBapema 3ajaTe cuie perucTpoBaHO je
copTBepCKY, a 3a[jaTaK Mepyola je 1o fa ca UCIK-
TaHMKOM I7Iefla Y MOHUTOP, U Jja KOPUTYyje MCIUTA-
HIKa Y OIHOCY Ha HMBO peanusanyje cuie, Kao 1 fia
Bepda/IHO MOTMBMIIE MCIIMTAHUKA Ja U3PXKY 3a/ja-
TU MOTOPMYKM 33JJaTaK y HITO Jy>KeM BPEeMEHCKOM
MHTepBaily. Y TPEHYTKY Kafia MCIIUTAaHUK BUILIIe HUje
MOTao fia peanmnsyje feMHNCAH HUBO CUJIE, Tj. Kajia
du mao Ha HUBO uCnox 45% of MaKCUMyMa, ITOKYIIA]
je mpexuyaH, a codpTBep du 3adeIeKN0 YKYIHO Bpe-
Me M3fip>Kaja y 3agaroM oncery. Hakon opgmopa of
HajMame 5 MUHYTA VICTU TECT je peannsoBaH U Jpy-
rOM PYKOM, a HaKOH I1ay3e of Hajmamwe 10 MuHyTa,
TeCT U3JP>K/bUBOCTH je IOHOB/bEH IO MCTOj Ipolie-
nypu 3a ode pyke.

Kopnirhena je pguHamMoMeTpujcka coHfia Koja je
¢duKcupaHa 3a KOHCTPYKIM)Y, CIIelMjaTHO HaMeme-
Hy 3a pea/m3anujy tecta “Crucak maxe” (Markovi¢
et al., 2016), ok je ¢ppexBeHunja oxadupa Tj. y30p-
KOBarba TOflaTaKa peannsoBaHa Ha HUBOY of 500 Hz,
a ce TO y3 nomMoh codTBepa 3a aHanMM3y HofaTaKa
“Isometrics” (Bep. 3.1.1).

Bapujadne

VicnutuBaHM IpoCTOp je JedUMHUCAH Y OFHOCY
Ha Tpu Bapujadne muuinhHe jaunHe IIake U TO: ca
acIeKTa MaKCMMaiHe jaunHe (u3paxkeHo y N), Mak-
CUMajHe eKCIIO3MBHe jaunmHe (M3paxkeHo y N/s) u
V3IP>K/BUBOCTU Y UCHO/baBalby MuInhHe jaumHe,
OIHOCHO BPEMEHCKM aCIeKT MCIIo/baBama JIaTor
IpOIIeHTa jaunHe (M3pakeHO y - Ns).

3a moTpede oBOr MCTpaxuBama Cy kopuirhene
cnepehe Bapujadie:

1. MakcumanHa myummhHa jadnHa CTHMCKA HIaKe -
F__,mTo: nomunanthe pyke (F D) 1 HeloMUHAHT-
ne pyke (F_ ND), kpos npsu (1) u gpyru (2) noky-
11aj, u3pakeHa y wyTHnma (N);

2. MakcumanHa BPeJHOCT €KCIIO3VIBHE jaulHe -
RED 1w To:amcomyTHa BpeAHOCT JOMIUHAHTHE PyKe
(RFD__ D) u neomnnantre pyke (RFD_ ND), kpos
npsu (1) u gpyru (2) mokyuIaj, n3pakeHa y iyTHAMA
y cexyuau (N/s),
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3. Vimmync mmmmhne jaumHe, U3AP>K/BUBOCT
CTUCKa IIaKe OCTBapeH Ha HUBOY of 50% om F_ -
N (n3payyHaT Kao IIPOM3BOJ HUBOA CUJIE
o F . ¥ OCTBapeHOTr BpeMeHa y M3IPXKajy Ha
IOMEHYTOM HUBOY CWIe) U TO: IOMUHAHTHE pYKe
(Imp sosuma D) VI HEMOMMHAHTHE pylfe (Il'npl:.:SO%max ND),
Kpo3 npsu (1) u gpyru (2) HOKy1Iaj, KOju je n3pakeH
y ByTH-ceKyHziama (Ns).

CrarucTnyka odpapa u aHanmnsa

CBM pesynTaTy Cy IpBO aHA/IN3NPAHM IPYMEHOM
OCHOBHE JIeCKPUIITUBHE CTaTUCTUIKE METOJie Iie Cy
u3padyHaTe: Mepe IieHTpaHe TeHJeHIuje (apuTMe-
TUYKA CpefiuHa), Mepe gucrepsnje (CTaHAapiHA fie-
Bujauuja), 1 koepuuujent Bapujaunje (Cv%). Tako-
be mopaum cy odpabenn npumenom CrymeHTOBOT T
TecTa 3a 3aBMCHe y3opke. HakoH Tora, peamn3oBaHa
je NMMHeapHa perpecyoHa aHamyu3a, Kao M aHanmsa
CIMYHOCTY TIApOBa Bapujadiy, OHOCHO M3padyHaT
je mapamerap mnoysmaHoctu - Intraclass correlation
coefficient (ICC) (Hair et al., 1998). CBe cTaTucTidke
aHajIM3e Cy U3BplIeHe y3 moMoh copTBepCKOr make-
Ta ,SPSS 19.0”, HOK je 3a HMBO CTATUCTUYKE 3HAYAj-
HocTu Kopuithena BpemgHocT p < 0.05.

PE3YJITATU

IIpoceune BpemHOCTM MMIIMNHUMX KapakTe-
PUCTUKA CTHUCKA IIAKe 332 HEJOMUHAHTHY M JIOMU-
HAHTHY PYKy II€JIOKYIIHOT y30paKa M3HOCUIEe Cy
501.8497.1 N n 534.4+100.2 N sa F__ , 1837.0+446.2
N/s m 1984.8+494.7 N/s 3a RFD __ , m 13537.4+5511.4
Ns 1 14458.6+6600.8 Nssa I F,\, .

Y Tadenu 1 mpukasanu cy pesynraru 3a oda mo-
Kylllaja MepeHNX Bapujadii, JOMMHAHTHE U HeJOMMU-
HaHTHe pyKe, y QYHKIMjM y3pacHUX TPyIa UCINTA-
HuKa. YoueHo je na je Hajseha usmepena Fcrucka
IIaKe HeJJIOMMHAHTHe pyke modujeHa xop II y3pache
rpyne u To 3a Bapujadny F_ ND2, ok je Hajmaru
HUBO cujle u3MepeH Ko I y3pacHe rpyne 3a Bapuja-
dmy E_ NDI. ¥V opgnocy Ha mokasate/be F_ momu-
HaHTHe PyKe MOXKe ce youuTH fia je Hajseha nsmepe-
Ha CIJIa CTHCKa 11ake yrBphena kop 11 yapacue rpyme
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u 10 3a Bapujadmy F D2, 1ok je Hajmarba cuia nsme-
pena xop I yspacne rpyne 3a Bapujadny F_ D1.

Kop Bapumjadne RFD_ , pesynratum cy mokasa-
mm fa je Hajeha eKCIIO3MBHA CMIa CTHMCKA IIake
HeJJOMMHAaHTHe pyKe usMepeHa Kop II yspacHe rpy-
e u To 3a Bapujadmy RFD__ ND2, ok je Hajmamu
HUBO u3MepeH Kop IV yspacHe rpyme 3a Bapujadimy
RFDmaxNDZ. Y opHOCy Ha fodujeHe BPESHOCTHU
RFD_  NOMUHaHTHE pyKe MOXKe Ce YOUNUTH Jia je Haj-
Behu HUBO eKCIUIO3MBHE CUJIe CTUCKA IIaKe M3Mepe-
Ha y Il yspacHoj rpynu u To 3a Bapujadny RFD_ D2,
JIOK Cy HajMamy fodujeHn pesynTatu Takobhe xox IV
y3pacHe rpyre sa Bapujadmy RFD__ D1.

Y opHoCy Ha Bapujadne L Fsomae PE3YATATH CY
TMOKas3any fia je Hajeehm MMIysc cuie CTHCKa IIake
HeIOMMHAaHTHE pyKe Ha 50% of MCIO/beHOr MaKCu-
MyMa usMepeH koj III yspacHe rpyne u 10 3a Bapu-
jadmy Lo Fspuma NP 1> @ HAJMAIbV MMITYIIC je M3MepPeH
ko I yspacue rpyme 3a Bapumjadmy Lo Foosima NP L.
Hajsehn msmepen mmmync cume CTuUCKa IIake f10-
MIHaHTHe pyke ytBphen je mcrto koxm III yspache
TpyIle U TO 3a Bapujadimy Lo Fsouma D 1> @ HAjMAILN je
usMepeH Takobe xop I yspache rpyme 3a Bapujadmy
ImpFSO%maxD L.

Y opmHocy Ha yrtBpbeHe Bapujaiuje pesynrara,
Ka0 Mepe XOMOT€HOCTI MICTHX, pe3ynTaTy Koeduim-
jeHTa Bapujalyje MOCTUTHYTUX HMBOA MaKCHUMajHe
CuJIe ce Ha/lase y pacnoHy of 16.8% no 20.7%, mok
Ce 3a HMBO eKCIJIO3VBHOCTY Hajla3e y PACIIOHY Off
19.4% no 29.8% mTo yKasyje ja USMEPEHU pe3yITa-
mF_uRFD __ mnpunagajy Beoma XOMOreHoj rpymm
UCIIMTAHMKa, de3 003upa Ha ys3pacT uctux. Meby-
TUM Yy OfIHOCY Ha BapMjaliiijy U3MEPEHUX pe3yaTara
KOJl TecTa VI3JIp>K/BUBOCTI Y UCIIO/baBamwy Muinhe
cute, BpegHocT Cv% ce Hamasu y paciony of 30.6
sal F....D2xon IV yspache rpyme, 1o BpefHOCTI
Cv% 58.03al F, . NDI konIyspache rpyme (Ta-
dena 1). Mako je yrBphenn HuBo Bapujanmje M3Haf
onTtuMasnHe BpegHocty of 30%, OfHOCHO NIpumajga
KaTeropyjy HeXoMOreHe Ipylie, OH Ce Hajasy UCIIOf,
BpemHOCTH 0ff, 60%, IITO 3a/J0BO/baBa YC/IOBE fla CE Y
HapeiHOj $pas3y CTaTUCTIYKE aHAMM3€e KOPUCTY ITapa-
MeTpPHjCKa CTaTUCTUKA.
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Tadema 1. [leckpUIITUBHA CTaTUCTIKA MEPEHUX Bapujadyi.

VYspacne rpyme: I 1I I v
Bapuja6re: Mean Stedv Cv% Mean Bti Cv% Mean Std. Dev. | Cv% Mean | Std. Dev.| Cv%
F_NDI1 (N) 462.8 87.6 18.9 519.6 98.0 18.9 507.9 105.3 20.7 481.2 87.1 18.1
F  ND2 (N) 474.2 87.9 18.5 529.0 105.8 20.0 520.5 107.4 20.6 483.5 87.3 18.1
RFD,_ NDI (N/s) 1813.2 493.0 27.2 1960.8 585.0 29.8 1822.5 428.6 23.5 1627.9 315.7 194
RFD  ND2 (N/s) 1859.7 441.0 23.7 1972.8 581.0 29.4 1893.7 446.2 23.6 1621.6 316.6 19.5
Lo Fsosmat NP1 (Ns) 82039 | 47572 | 58.0 | 13970.3 | 6562.2 | 47.0 | 15552.3 7751.3 49.8 15317.7 | 6431.1 42.0
Imsto%m“NDZ (Ns) 10555.6 | 4369.5 41.4 13685.9 | 5537.4 40.5 14770.2 7001.3 47.4 15137.8 5137.2 339
F_DI(N) 478.1 80.5 16.8 554.6 106.1 19.1 534.7 107.9 20.2 503.0 924 18.4
F D2 (N) 497.5 87.0 17.5 566.2 105.9 18.7 557.6 112.0 20.1 516.1 95.9 18.6
RFD, D1 (N/s) 1937.8 471.6 243 2087.7 565.5 27.1 1970.3 456.7 232 1742.6 385.3 22.1
RFD D2 (N/s) 2011.0 487.4 24.2 2119.0 614.1 29.0 20154 470.0 233 1794.0 407.4 22.7
L FopsmaD1 (Ns) 9516.7 | 4940.1 | 51.9 | 15101.5 | 7109.4 | 47.1 | 16845.1 7717.4 45.8 16371.2 | 6636.4 40.5
ImpFEO%maxDz (Ns) 11685.4 | 4960.8 42.5 15351.7 | 6150.9 40.1 15845.5 6273.8 39.6 14798.1 4529.9 30.6

Y ofiHOCYy Ha pesy/nTaTe pasiyKa CPefmbUX Bpef-
HOCTM MCIIUTVBAHVX Bapyjadmn y QyHKIMjU TeCTOB-
Hyx nokymiaja (Tadena 2), yrepheno je ma pasmmxa
pesynTara IpBOT ¥ APYTOT Meperba KOf leceT apoBa

mot=-4.115up=0.0003a F__ D 3alyspacuy rpymy.
Kop Tpunaect Bapujadnu Huje yrBphena cratucTnd-
Ka 3HAYajHOCT, Tj. pe3ynTaru ce Kpehe y pacnony on
t=-1.919 m p = 0.061 3a RFD__ ND 3a III y3pacuy

Bapyjadmyu BUCOKO CTaTMCTUYKM 3HayajHa de3 003u- rpymy, go t =-0.050 mp=0.961sal F, = NDsalV
pa Ha y3pacHy I'pyIy MICIUTaHMKA, X TO Y PacIOHY Of y3pacHy Ipy1y.
t=-2.015up=0.0493aF_ ND salll yspacuy rpymy,
Tadena 2. Ananusa n3MepeHux pasmuka (t Tect)
VYspache rpyme: I 1I III v
Bpujabire: t p t P t p t p
E_NDI (N) &F_ ND2 (N) -3.172 | 0.002 | -2.266 | 0.025 | -2.015 | 0.049 | -0.553 | 0.583
RED, NDI (N/s) & RFD, ND2 (N/s) -2.374 | 0.021 | -0482 | 0.631 | -1.919 | 0.061 | 0305 | 0.762
L F e NDL (Ns) & F_ ND2 (Ns) | -1.848 | 0.074 | 0300 | 0.765 | -0.857 | 0.402 | -0.050 | 0.961
E DI (N)&F, D2 (N) -4.115 | 0.000 | -3.267 | 0.001 | -3.837 | 0.000 | -2.788 | 0.008
RED_ D1 (N/s) & RED_ D2 (N/s) -2.917 | 0.005 | -1.409 | 0.161 | -1.820 | 0.075 | -1.903 | 0.064
I FineD1 (Ns) &I F. D2 (Ns) 2229 | 0.033 | -1.351 | 0.183 | -0471 | 0.643 | 2510 | 0.018

Y Tadenmu 3 cy mpuKa3aHyU pe3ynTaTy IOY3[aHO-
CTU y OfHOCY Ha MCHUTUBaHe Bapujadie 1 y3pacHe
rpyme. YTBpheHo je ia je HUBO ITOY3aHOCTH 3a CBaKy
VICIUTYBAHY KOHTPAKTW/IHY KapaKT€PUCTHKY LIaKe y
(dyHKIMjU y3pacHe TpyIie BUCOKO CTaTUCTUYKM 3Ha-

vajad (p = 0.000 3a cBe McnMTHMBaHe IApOBE Bapu-
jadmu). Bpemnoct ICC, ce namasu 3a F__ 'y omcery
oxt 0.938 10 0.977, 3a RED__ om 0.903 mo 0.971, u 3a
I F og 0.747 po 0.943.

mp~ 50%max
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Tadena 3. Pesynratu noysganoctu (Intraclass Correlation Coefficient)

v Intraclass 95% Conf. Inte. F Test with True Value 0
Bapnjabire: rspa;:e Correlation | Lower | Upper I df daf
pyne: Coeflicient | Bound | Bound Value ! 2 p

I 0.971 0.944 | 0984 | 39599 | 58 | 58 | 0.000
FmaxNgl N) 1l 0.944 0920 | 0961 | 18545 | 122 | 122 | 0.000
E_ND2(N) 11 0.956 0918 | 0976 | 23.884 | 46 | 46 | 0.000
v 0.977 0957 | 0988 | 43581 | 39 | 39 | 0.000
I 0.971 0950 | 0983 | 37513 | 58 | 58 | 0.000
RFDmaxN&Dl (Ns) 11 0.941 0915 | 0959 | 16798 | 122 | 122 | 0.000
RED. ND2 (N/5) 11 0.903 0.824 | 0946 | 10854 | 46 | 46 | 0.000
v 0.956 0917 | 0977 | 22411 | 39 | 39 | 0.000
I 0.761 0509 | 0.884 | 4430 | 30 | 30 | 0.000
Ly FomanND1 (NS) 1 0.875 0780 | 0929 | 7.892 | 49 | 49 | 0.000
L E,. ND2(Ny 1 0.943 0.858 | 0977 | 17313 | 19 | 19 | 0.000
v 0.771 0514 | 0891 | 4251 | 29 | 29 | 0.000
I 0.938 0.858 | 0969 | 20340 | 58 | 58 | 0.000
Fmaxz: (N) 11 0.961 0941 | 0974 | 27.667 | 122 | 122 | 0.000
FD2(N) I 0.954 0.884 | 0978 | 27.937 | 46 | 46 | 0.000
v 0.970 0935 | 0985 | 38865 | 39 | 39 | 0.000
I 0.953 0912 | 0973 | 23732 | 58 | 58 | 0.000
RFDmaxgl (N/s) 1 0.954 0934 | 0968 | 21963 | 122 | 122 | 0.000
RED._D2 (N/5) T 0.964 0934 | 0980 | 28735 | 46 | 46 | 0.000
v 0.948 0901 | 0973 | 20566 | 39 | 39 | 0.000
I 0.769 0515 | 0889 | 4753 | 30 | 30 | 0.000
" — el 1 0.747 0557 | 0.856 | 4.002 | 49 | 49 | 0.000
LE,. D2(N9) 1 0.894 0732 | 0958 | 9104 | 19 | 19 | 0.000
v 0.836 0632 | 0925 | 7017 | 29 | 29 | o0.000

JInneapHoM perpecuoHoM aHanusom (Tadema 4;
Ipaduxonn 1 mo 6), gedMHMCAHU Cy perpecroHM
MOJie/IU NIOY3AaHOCTH TeCTUPama, Tj. MOME/N JIVHe-
ApHMX PErpecHOHNMX jefHauMHa CBUX TECTUPAHMX
Bapujadim 3a cBe y3pacre. Ha rpadmkonnma cy npu-
KasaHU pe3yITaTy JMHeapHe perpecioHe aHaIN3a
y opHocy Ha Tectupama (Tect 1 u 2) 3a Bapujadny
F vy bynxuuju nenomnuanThe (Ipadukon 1) u so-

vuHanTHe pyke (Ipaduxon 2), sa Bapujadmy RFD_
y ¢yukuuju HemomunautHe (Ipadukon 3) u momu-

HaHTHe pyke (Ipadukon 4), u 3a Bapujadmy Lo Fspmiman
oo 8 s
P
200 300 00 500 s00 700 800

Fmax ND1 (N)

Ipadukon 1*

y ¢yukuuju HenommHaHTHe (Ipadumkon 5) u gomu-
HaHTHe pyke (Ipadukon 6). 3a Bapujadny F__ omcer
koepuuujeHTa perepmuHanuje (R?) 3a mOMuHAHT-
Hy pyKy je 0.826-0.903, a 3a HeJOMUHAHTHY PYKY
0.811-0.912. Kon npyre Bapujadne RFD_ ce Hamasu
y omcery 0.826-0.871 3a momuuantHy u 0.692-0.910
3a HeJOMVHAHTHY, a Bapujadia L Fsosmax IM@ OIICET
koeduiyjenta R? 3a gommuanthy 0.360-0.674, nok
0.401-0.808 3a HerommHaHTHY PyKy (Tadema 4). Cu
perpecuony MojieNiu NOy3JaHOCTU Cy MOKa3aau BU-
COK HMBO 3Ha4ajHOCTM Ha HUBOY ofi p = 0.000.

s00-] fdf'.;‘ ’
-
e
e
so0-] 4
700-]
= oo
2
E so0
a
400
b
ano- 5 =]
A A
e
e
T T T T T T T T
200 300 400 s00 &00 700 800 900

Fmax D1 (N)

Ipadukon 2*

*Tuneapua perpecuja F_ I n Il mokyiaja HeommuHanTHe (rpadumkon 1) u qoMnHaHTHE pyke (rpadukoH 2)
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*JInneapna perpecuja RED_ T u Il mokymaja nefomunanthe (Ipdukon 1) n nomnnantHe pyke ([paduxon 2)

ImpF50%max ND2 (Ns)
ImpF50%max D2 (Ns)

o L
5 10000 20000 30000 ° 10000 20000 30000
ImpF50%max ND1 (Ns) ImpFS0%max D1 (Ns)
Ipaduxon 5* Ipaduxon 6*

*Jluneapua perpecuja I F I u IT mokyuraja HegomunautHe (Ipadukon 5) u gomuHanTHe pyke (IpadukoH )

50%max

Tadena 4. Pesynraty sedmHUCAaHUX MOJIeNIa TMHEAPHNX PETPECUOHNX jeTHAYMHA

. V3pacHue rpyne:
Bapujatne: | T m v
y=0.955ex+32.237 y=0.972x+24.147 y=0.938x+43.905 y=0.958x+22.537
FroNDL (N) & F,, ND2 (N) R2=0.904 R?=0.811 R2=0.846 R?2=0.912
RFD,  ND1 (N/s) & y=0.853x+312.324 | y=0.882ex+244.349 | y=0.866ex+315.077 | y=0.917x+128.561
RFD,_ND2 (N/s) R2=0.910 R2=0.788 R2=0.692 R?=0.836
©oFsomameND1 (Ns) & y=0.589¢x+5095.834 | y=0.708+x+3881.749 | y=0.785ex+3710.923 | y=0.488+x+7780.499
| P sosimaND2 (N5) R2=0.401 R2=0.606 R2=0.808 R?=0.413
y=0.981ex+28.355 y=0.928+x+51.338 y=0.967+x+40.519 y=0.986ex+20.174
Fre DL (N) &, D2 (N) R?=0.826 R=0.865 R=0.868 R?=0.903
RFD, D1 (N/s) & y=0.950x+169.398 | y=0.995x+42.115 | y=0.960ex+123.024 | y=0.961ex+119.489
RFD, D2 (N/s) R2=0.846 R2=0.839 R2=0.871 R2=0.826
1 FaannD1 (NS) & y=0.615¢x+5548.499 | y=0.603x+6729.400 | y=0.661sx+5679.263 | y=0.545ex+5721.218
| oPsonamac 02 (NS) R2=0.427 R2=0.360 R2=0.674 R2=0.657

*llerenpa: IlojenuinayHe MO3NIMje pe3ynaTara o y3pacry: A - yspacHa rpyma of 14.0 go 19.9 — I rpyma; © - yspacHa
rpyma ox 20.0 5o 34.9 — Il rpyma; O - y3pacHa rpyma o 35.0 5o 49.9 — I1I rpyma; ¢ - y3pacha rpyma o 50.0 o 69.9 rogyaa — IV
TpyIa, a y UICTVM dojama Cy IpuMKasaHe M perpecuoHe Ipase, Tj. IaBoM | y3pacHa rpyma; iipsenoM Il yspacHa rpyma; )XyToM
III yspacna rpyma; senenom IV yspacna rpyna.
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IUCKYCUJA

VcnuTrBama KOHTPAKTUIHUX CIOCOOHOCTHU MU-
muha make cy off BeIMKOT 3Ha4aja KaKo y IIpefBI-
hamwy QyHKIMOHATHIX OrpaHNYeba U JVjaTHOCTULIN
HeypanHux nopemehaja Tako uMajy 1 3Ha4ajHy ynory
y IpPOLIEHM OIIITET HMBOA Pa3BUjeHOCTU KOHTPaK-
TYWIHNX QU3NYKMX aTprdyTa KOf MpodecnoHaTHIX
crioprucra n pekpearuana (Desrosiers et al., 1995;
Rantanen et al., 1998; Bohannon, 2001; Wind et al,,
2010; Koley et al.,, 2011). VicTpakuBama OBOT THUIA
IpefCTaB/bajy IIePMaHEHTHO aKTYe/THO II0/be MHTe-
pecoBama HAayYHO-UCTPAKMBAYKOT paja 3dor mo-
Behama QyHyca 3HamWa, almy ¥ pajy ycaBplIaBamba
npoueaypa Mepema 1 mpaherma, Kako y IujarHOCTIY-
Ke, TAKO I y Tepanmjcke 1 mpodecroHanHe CBpXe.

Ha ocHoBy pesynTaTa OBOT MCTpaKuBama YBP-
bena je u craTMcTMUKM 3HAYajHA pasyUKa CPENIYX
BpeIHOCTY Koff Bapujadmu F_ 1pBoT 1 IpyTOT NOKY-
IIaja JOMUHAHTHE PyKe CBUX y3pacHMX KaTeropuja,
a/In ¥ KOJ| He[TOMIHAHTHe PYKe Y IIpBe TPY TeCTUpPaHe
rpyne (L, II, III yspacna rpyna) (Tadena 2). M ocrane
CTaTUCTMYKE aHa/NIN3e, KOjUMA je VICIUTUBAaHA I10Y-
3[laHOCT Mepema, Cy IoKa3asle M3y3eTHO BYCOK HUBO
ucnosbaBama Makcumanse cune (F_ ) cTucka make
KOJl CBUX TeCTMPAHNUX Y3PaCHNX I'PyIIa ¥ TO HA HUBOY
ICC op 0.944 10 0.977 32 HeLOMUHAHTHY PYKY, OfJHO-
cHo op 0.938 1o 0.970 ICC 3a ;oMUHAHTHY PYKY, pe-
criextuBHO (Tadena 3). [Jodujenn pesynratu cyy ca-
IJIACHOCTY Ce IIPeTXOJHO YTBpheHnM cTaHgapauma y
OJIHOCY Ha MOY3JJAHOCT CTAaHJAPIAHUX TECTOBA jadylHe
crucka make og, 0.961 sa gecny pyky no 0.950 3a neBy
pyky (Hamilton et al., 1994), ogHOCHO y ckmagmy ca
BUICOKOM I0y3aJHOIINy cTaHAap/iHUX TeCTOBA jauu-
He 1 KOfj ocTanux MuiunhHux rpymna y omncery og ICC
0.97-1.00 3a usoMeTpujcKu 4ydat U ryparme Horama
u3 crojehe mosunyje (Blazevich et al., 2002), xao u
3a cTaHAapAgHM Horucak Horama, Cronbachs Alpha
Ha HMBOYy off 0.989 (Ivanovic and Dopsaj, 2013). Pe-
3Y/ITaTH Cy ITOKA3a/IM Ja je MPUMeHA U30MEeTPVjCKOTr
TeCTUPAIba, @ Y OTHOCY Ha Mepere MaKCUMATHe CUIe
KOJl TeCTa CTHCKA IIaKe, IOy3[aH M3BOP MHPOpMa-
I1ja Koju je y GYHKIMjU pasmIdnTOrT y3pacTa UCIIN-
TaHMKa MYIIKOT mosa. Mopa ce HallOMeHyTM fia ce
3dor yTBpheHe cTaTUCTUYKM 3HAYajHE pa3jKe APY-
ror Mepema y OfHOCY Ha IPBO, Kao (GDMHAIHN pe3yI-
TaT Tpeda y3eTu Apyru MOKYyIIaj, OffHOCHO pe3yITaT
jayer NoKyIlaja.

Y cny4ajy pgpyre TecTupaHe Bapujadie, KojoM
je MepeH MaKCUMa/IHM HMBO €KCIUIO3MBHE jadlHe
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1j. cuwne - RFD -~ crarucTidka 3HaYajHa pasinka
usMeby TecTOBHMX IOKylIaja je yrBpheHa camo y I
Y3PacHOj TPyNM U y CIy4ajy JOMMHAHTHE U HEJOMU-
HaHTHe pyke (Tadema 2). OBo ce Moxe odjacHUTH
OJICYCTBOM IIPETXOJHOT MCKYCTBa M3BODema camd-
HUX Halpe3ama U IbUXOBE MHUIMjaIHE MOTOPHE
HenpumaroheHocT! Ha 3aJaTak y IMPBOM IOKYIIajy,
ofiHOCHO ToBehaHe akyTHe Heypo-MOTOpHe afiall-
TUPAHOCTY 3a APYIM MOKymIaj. [labe cTaTMCTUYKe
aHa/iM3e Cy IOKasaje M3y3eTHO BMCOK HUBO IIOY-
3[AHOCTY JICIIO/baBamba JlaTe KOHTPAKTU/IHE Kapak-
tepuctuke RFD  cTucka 1make Koj CBUX TeCTupa-
HIUX y3pacHUX rpyna u To Ha HuBoy ICC oz 0.903 fo
0.971 3a HegOMUHAHTHY PYKY, OZHOCHO 0f 0.948 mo
0.964 ICC 3a fomunanTHY pyKy (Tadena 3). Kaon'y
cmydajy F_ v OBM pesynratu Cy y CarlacHOCTM ca
IPeTXOAHO YTBphHeHNMM cTaHmapauMMa y OffHOCY Ha
HOY3/IaHOCT METOle 3a TeCTHpPame UCI0/baBalba eK-
CIJIO3UBHE jaduHe cTucKa make rze je ICC Ha HuBoy
0.870-0.930 (Demura et al., 2003; Jenkins et al., 2014),
OJIHOCHO Y CKJIaZly ca BUCOKOM IIOoy3faHomhy craH-
JapIHNUX TeCTOBA jadlHe M KOJ OCTaMNX MuImhHX
rpyna Ha HuBoy of 0.808-0.945 Cronbach’s Alpha 3a
craHpappHy norucak Horama (Ivanovic and Dopsaj,
2013). Ha ocHOBY mocafalllbux UCTPAXMUBamba, Al
U 100MjeHNX pe3y/ITaTa OBOT MCTPAXIBamba, II0Ka3a-
710 Ce Jia je IpMMeHa M30MEeTPUjCKOT TeCTUpamha, a Y
OJHOCY Ha Meperbe MaKCHMMaJlHe eKCIIO3/BHE jauu-
He KOJ] TeCTa ,CTUCKA IIaKe" MOoy3faH 1 Y PyHKIuju
PasIMUUTOr y3pacTa MCOMTAHMKA KOJ MYIIKapala.
Tpeda HamoMeHyTH [ja je CTATUCTMYKY 3HAYajHA pa-
3/IMKa IPYTOT Mepema y OFHOCY Ha IpBO, yTBpheHa
camo y I yspacHoj rpymu 3a ode pyke. bes 0063upa Ha
TO, aIllCO/IyTHE Ppas/iKe Y IPOCEYHMM OCTBAPEHUM
pesynTaTuMa y KOPUCT JAPYror IOKyllaja MOTy ce
YBUJIETV Ha OCHOBY pesy/iTaTa JIeCKPUIITMBHE CTa-
TUCTUKE, y CBUM Y3pacHUM KaTeropujama, ocum y IV
y3pacHOj I'pynu HeJIOMMHAHTHOM PYKOM, I7ie je IIpBU
TecTOBHU nokyaj duo dormmu (Tadena 1). Ha ocHoBy
M3HETOT MOYKe Ce IIPENOPYINTH fia Kao pUHATHA pe-
3y/ITaT Tpeda y3eTy eKCIUIO3VBHUjM MOKYIIAj, OffHO-
CHO PE3Y/ITaT SPYToT IMOKYIaja.

Hok y tpehoj Tectupanoj Bapmjadmu, kojom je
MepEeH MMIIYJIC OfipKaBama cuie Ha 50% of Makcu-
manne - [ F. . sHavajHa pasmmka usMebhy nmpsor n
Ipyror IoKyllaja TeCTUpama jaB/ba ce y I yspacHoj
rpynu, amu u 'y IV yspacnoj rpynm u To camo 3a fo-
MyHaHTHY pyky (Tadema 2). Baxkan ¢akrop osor
TecTa je Kopuiheme ceH30pHUX MHOpManuUja, Tj.
BU3ye/lHOT Ipahema ofp)kama 3alaTOr HIMBOA CUJIe
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Ha 50% o MaKCMMyMa, ¥ HUXOBe yCKIaheHocTH
(MOTOpHE KOHTpOJIE) Ca KapaKTepucTUKaMa Mumh-
Hor paja (n3ppxopuBourhy mummha), rie y cnopaum
Y3pacHMM KaTeropyjama foasu 7o mpoleca yopsa-
HOT pa3Boja WM Jerpajialyje UCTe, y 4eMy BepoBar-
HO 7IeXX1 y3pok podujenux pesynrara (Nicolay and
Walker, 2005). Ha ocHOBY pesynrara yTBpheH je cTa-
TUCTUYKM 3Ha4ajaH HUBO MOY3[JAHOCTY UCTIO/baBalba
L Fsosimax CTHCKA HIAKE KOT| CBUX TECTUPAHNX y3pa-
cHUX rpyna u To Ha Husoy ICC op 0.761 mo 0.943 3a
HeJOMMHAHTHY PYKY, Tj. of; 0.747 o 0.894 ICC 3a fo-
MMHaHTHY pyKy (Tadena 3). ®ynkunmoHamHa crocod-
HocT Muinha 3a UcCHoO/baBamwe 3a/jaTOr HUBOA CUJIE
Kao Mepa U3IP>K/BMBOCTY, M3paKeHa Kao MMIIYIIC
CijIe HMje MHOTO MCTPaXVBaH (PeHOMEH y CHOPTY
(Nicolay and Walker, 2005; Kipajuh n cap., 2012).
Hopey;, CTaTMCTUYKYM 3HayajHe pasnuke usMeby Te-
croHux mokymaja I ¥, . camo y Im IV yspacHoj
rpymu fomuHaHTHe pyke (Tadena 2), pasnmuxe y mpo-
CEYHMM OCTBAPEHUM pe3yNTaTMMa MOTYy ce yBufle-
T Ha OCHOBY pe3y/ITaTa JeCKpUITUBHE CTATUCTIKe
(Tadena 1). Ha ocHOBY Tora Mox<e ce IpernopyduTn
fla ce Kao GMHAMHY pe3y/nTaT y3JMa BPeJHOCT Koja
npepcTasba Behy usgpxpuBoct, amu ga y III u IV
y3pacHOj I'pynM IpBM TECTOBHM IIOKYLIdj YIJIAB-
HOM TIpefICTaB/ba OO/bM pe3ynTar 3a ode pyke, [JOK
y I y3pacHoj rpymnu To mpencraBba pyry MOKYLIAj,
a y II yspacHoj rpynm penpeseHT dojber pesyaTara
HeJJOMUHAHTHEe PyKe je IIpBU, a JOMUHAHTHE APYIU
ITOKYUIa;j.

YTBpbeH je BICOK HMBO 3HAYajHOCTM Perpecuo-
HUX MoOJiefla TTOY3/IaHOCTM TeCTUpama CBUX Bapuja-
dnu 3a cBe yspacre. Moxemo ce pehu fja je Benuku
fleo BapujaHce APYTor Mepema 0djallllbeH Kpo3 IPBO
urosaF vy pacmonyon 81 % mo 91 %,3a RED__ 'y
pacriony op 69 % mo 91 % msal F. . 'y pacrony
op, 36 % po 80 %. IIputom yo4aBa ce fa Cy ocTBape-
HU pe3yNTaTy, TMHEAPHOM PErpecOHOM aHa/INU30M
3aF_uRFD__, HeWTO HIKM HErO BPEJHOCTH JO-
caJlalllbUX VICTPAKUBamba Koje ce kpehy y omcery 96
% 10 99 % 3a ode Bapumjadne (Giampaoli et al., 1999;
Dopsaj et al.,2009b). Perpecrionn Mopeny moysgaHo-
et L F, o HUCY YOUEHM KaO IIPEMET J0Ca/ALlIIber
MHTEepecoBama, Ia usocraje MoryhHoct mopehema.
Ha oBaj HaunH je odesdehena moryhHocT npenukim-
je OITMMAaHOT pe3y/iTaTa MepeHIX KOHTPAKTUTHUX
KapaKTepUCTMKA HIaKe Kao ¥ IO3UL[OHVpabe aKTy-
€THOT MCIIMTAHUKA Y QYHKIMjY JepUHICAHUX HOITY-
MAIVIOHMX CTaHZApAa.

3AK/bYYAK

Crucak 1make nmpejicTaB/ba BakaH U3BOP IOflaTa-
Ka U MeTOAy KojoM je moryhe pujarHoctu¢ukoBaTu
HMBO (PYHKIIVIOHATHO-PajiHe CIOCOOHOCTU MCIINTH-
BaHMX KOHTPAKTM/IHUX CBOjCTaBa IIaKe KaO OCHOB-
HOT MaHUITY/IATMBHOT CETMEHTA PYyKe, a Koja yKasyje
¥ Ha OIIITe cTame MyunmhHe QyHKIMje opraHusMa
Y LeVHN.

Y ckmamy ca nubeM UCTPaKUBamwba, fieGUHICAaHN
CY KBaHTUTATUBHM IECKPUNITUBHY TI0KA3aTe/by KOjI
MOTY TIOCITY>XUTHU U KOZ, yrnopehusamwa n yTBphusa-
ha HMBOA Pa3BUjeHOCTU HABEIEHMX CIIOCOOHOCTM
KOJI 0COda pas3mMymuTe yTPEeHMPAHOCTH, PasININTOr
(YHKIVMOHAIHOT U 3[[paBCTBEHOT CTalba, Kao U KOJ
0coda ca pa3MMINTUM CTeIIeHVMa MOTOPMYKIX VN
HeKUX Ipyrux nopemehaja 1 Tmme oCcTBapuTy IMPO-
Ky IPMMEH/bMBOCT Ca MHOTMX Ca3HAjHMX ¥ IPAKTUY-
HUX acnekarta. IIpuTom, Moxxe ce TBpAMUTH Jla ce ca
TECTOM ,CTHCAK IaKe“ MOTy HOY3laHO MEPUTH CBe
TPY MCIUTUBAaHE KOHTPAKTM/IHE KapaKTepUCTUKe
IIaKe — MaKCUMaJiHa J eKCIUIO3MBHA jaylMHA, Kao U
U3IPXK/BUBOCT UCIIO/baBarba jadMHe KOl MylIKapana
y3pacra of, 14.0 1o 69.9 rognna cTapocTn.

HapaBHo kao ¢uHaIHM ITOKa3aTe/b KOHTPAKTUII-
HMX KapaKTepyucTMKa mmimmha, y3uma ce BpefHOCT
Koja npeficTaB/ba dobu pesynrar. OfcycTBOM IpeT-
XOJTHOT MICKYCTBa M3BODhema CIMYHNMX Halpe3ama U
IbJIXOBE MHMILMjaTHE MOTOpPHE HelpuaaroheHocTn
Ha 3aJIaTaK, YTBPDHeEHO je, a ce 3a pelpe3eHTaTUBHY
BpeniHoCT Bapujadne F u RFD_  ysuma gpyru mo-
KyIlIaj Kao IoKa3aTe/b do/ber pesynTara, de3 0d3mpa
Ha JOMMHAHTHOCT pyKe MM y3pacHy Ipymy. 3a Ba-
pujadmy ImpFSO% > HAKOH 35, TO[IMHE yT/TaBHOM Tpeda
y3MMaTy IpBU TECTOBHM IIOKYIIAj 3a 0de pyke, HOK
y Hajmmal)oj TecTMpaHoj Tpyny Apyru TECTOBHMU IO-
Kyuaj. Y yspacry of 20.0 mo 34.9 roguna mokasaresb
dorper pesynTaTa HeIOMUHAHTHE PYKe je IIpBH, a JI0-
MIHAHTHE JPYTY ITOKYIIaj.

HAIIOMEHA

Pan je neo mpojekra “Edextu npumene pusndxe
aKTMBHOCTM Ha JIOKOMOTODPHY, MeTadOo/NN4KM, TICK-
XOCOLIMja/TH! ¥ OOpa3OBHM CTATYC CTAaHOBHMIITBA
Penrydnuke Cpduje”, dpoj 11147015, xoju ¢punancupa
MuHMCTapCcTBO IPOCBETE, HAYKe U TEXHOJIOMIKOT pa-
3Boja Perrydnuke Cpduje — nuKIyc HaydHUX Ipoje-
Kara 2011 - 2017.
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FIABILIDAD DE MEDICION DE DISTINTAS FUNCIONES CONTRACTILES DEL
FLEXOR DE LOS DEDOS DE MANO EN HOMBRES DE DISTINTA EDAD

Resumen

El objetivo de la investigacion es establecer la fiabilidad de las pruebas de distintas funciones contractiles de la mano de varén en dependencia
de la dominacién motriz-funcional y de la edad. La persona examinada toma la posicion sedentaria con el brazo extendido o suavemente
flexible, puesto en una ligera posicion de abduccion. Para las necesidades de medicion se ha utilizado una sonda dinamométrica con las
condiciones isométricas de tension, fijada a una construccion especial. Se ha utilizado el software “Isometrics” (ver. 3.1.1), y la frecuencia de
seleccion de datos se ha realizado en nivel de 500 Hz. La muestra abarcé 269 personas examinadas del sexo masculino de 14.0 a 69,9 afios
de edad. Los resultados de la estadistica descriptiva demostraron que en relacién con la muestra examinada, los valores de la fuerza méxima
demostrada (Fmax) para el brazo no dominante estan en el rango de 462.8 10 529.0 N, para la fuerza explosiva (RFDmax) en el rango de
1621.6 mo 1972.8 N/s y para el impulso de la fuerza muscular (ImpF50%max) de 8203.9 a 15552.3 Ns, mientras que los valores Fmax para el
brazo dominante en el rango de 478.1 a 566.2 N, para RFDmax en el rango de 1742.6 a 2119.0 N/s y para ImpF50%max de 9516.7 a 16845.1
Ns. Se estableci6 que se pueden medir fiablemente todas las tres caracteristicas contrictiles examinadas de la mano, con lo que ICC estd en
el rango de 0.938 a 0.977 para Fmax, de 0.903 a 0.971 para RFDmax, y de 0.747 a 0.943 para ImpF50%max. Como un valor representativo
para las variables Fmax y RFDmax, sin tener en cuenta la dominacion de un brazo o grupo de edad, debe tomarse la segunda prueba como
mejor resultado, mientras que para la variable ImpF50%max, en los grupos de edad de 35.0 2 49.9 y de 50.0 a 69.9, debe tomarse en general
la primera prueba para ambos brazos, en el grupo de 14.0 a 19.9 afios la segunda prueba y en la edad de 20.0 a 34.9 afios el mejor resultado
del brazo no dominante es la primera y del brazo dominante la segunda prueba.

Palabras claves: PRESION DE MANO / FUERZA MAXIMA / FUERZA EXPLOSIVA / RESISTENCIA DE CRITERIO / IMPULSO DE
POTENCIA
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