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Abstract
Purpose: This study used the uncontrolled manifold (UCM) approach to study joint coordination underlying the 

control of task-related variables important for success at dart throwing skill. Success at a task can be 
achieved, in principle, by always adopting a particular joint combination. In contrast, we adopt a more 
selective control strategy: variations of the joint configuration that leave the values of essential task 
variables unchanged are predicted to be less controlled (i.e., stabilized to a lesser degree) than joint 
configuration changes that shift the values of the task variables.

Material: How this abundance of motor solutions is managed by the nervous system and whether and how the 
throwing in different distances affects the solution to joint coordination was investigated in this study. 
Our experimental task involved dart throwing to a target under three conditions (standard, short and 
long distance) that it performed by fifteen dart professional and semiprofessional athletes. The four 
joint angles of the arm were obtained from the recorded positions of markers on the limb segments. 
The variability of joint configurations was decomposed into components lying parallel to those sets and 
components lying in their complement with respect to control of the path of the arm’s center of mass 
and spatial position of the hand.

Results: When performing the task in all three different conditions, fluctuations of joint configuration that affected 
arm’s center of mass and spatial position variables were much reduced compared with fluctuations that 
did not affect these variables. The UCM principle applied to arm’s center of mass and spatial position 
thus captures the structure of the motor control system across different parts of joint configuration 
space as the movement evolves in time. Moreover, constraints representing an invariant arm’s center of 
mass or the spatial position structured joint configuration variability in the early and mid-portion of the 
movement trajectory, but not at the time of throwing. This specific control strategy indicate a target can 
be hit successfully also by controlling irrelevant directions in joint space equally to relevant ones. 

Conclusions: The results suggests a specific control strategy in which changes of joint configuration that are irrelevant 
to success at the task are selectively released from control. As a result, the method can be successfully 
used to determine the structure of coordination in joint space that underlies the control of the essential 
variables for a given task.

Keywords: motor control, degree of freedom, motor redundancy, uncontrolled manifold, skill.

Introduction1

Targeting tasks require the coordination of more joint 
motions than are strictly necessary to specify the arm’s 
position in space. Different combinations of joint angles 
and muscle activations can be used to reach a given hand 
position in external space due to the “abundance” of 
degrees of freedom (DOFs) characterizing the redundancy 
of the human arm [1]. Having a large number of solutions 
available to coordinate the arm’s motion allows for 
flexible performance. Yet it has been argued that motor 
redundancy makes control unnecessarily difficult [1, 2]. 
Motor redundancy or, when considered more positively, 
motor abundance [3] makes it possible for multiple 
variations of joint coordination to be used to achieve 
a given task performance. Therefore, how the central 
nervous system (CNS) manages the additional degrees 
of freedom (DOFs) to achieve reliable and accurate 
performance is of great interest to movement scientists 
© HosseiniZarch S.H., Arsham S., Tabatabaei Ghomshe S.F.,  

Honarvar M.H., 2019 
doi:10.15561/18189172.2019.0601

[4, 5, 6]. That motor abundance is actually used by the 
central nervous system (CNS) when coordinating the 
motor elements (such as joints) has been established in 
numerous studies of a variety of functional tasks [7, 8, 9]. 
These results are consistent with Bernstein’s intuition that 
task performance typically involves “repetition without 
repetition” [10, 11].

From a classic control-theory perspective, multi-joint 
movement in tasks such as pointing, reaching, shooting, 
or throwing entails two problems. The first problem is one 
of planning. The appropriate spatial-temporal “shape” 
of the movement trajectories of important movement 
components must be specified. The nature of these 
trajectories also must vary appropriately as conditions 
of the task vary, for instance, when throwing at different 
distances is required. The second problem is one of 
control. Given a plan, the trajectory must be generated in 
time and a control system must be able to steer the effector 
system such that appropriate time courses of all involved 
DOFs are actually realized. These two problems are not 
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independent of each other. It is not efficient to generate 
plans that cannot be realized. Conversely, it is not useful 
to design a control system that can realize movement 
plans that would never be produced, e.g., plans having no 
ecological value. It is useful, however, to recognize the 
two problems as separate aspects at a conceptual level. 
In the motor control literature, this distinction is often not 
made explicitly, but it will be important for us here.

A consideration of control as the problem of resolving 
motor redundancy has led to hypothesized solutions that 
involve reducing DOFs, including the direct “freezing” 
of DOFs, or the application of various cost functions 
to constrain the possible solutions to their coordination 
[12, 13, 14]. Such solutions have been suggested for the 
control of reaching tasks, at least implicitly, by a few 
recent studies [12,15]. Nonetheless, a clear understanding 
of how the abundant DOFs are constrained to simplify 
the motor control problem, or are exploited by the control 
system [3,16] remains elusive. 

The researchers proposed a contrasting hypothesis 
about the control of multiple DOF tasks. This hypothesis, 
referred to as the uncontrolled manifold (UCM) 
hypothesis, links the control of a multi-component system 
to the structure of variability of individual components, 
allowing the discovery of how the CNS organizes the 
available complexity to achieve its desired goals [16]. 
The UCM hypothesis posits a control law linking the 
coordination of motor components to the stability of 
important task-related variables—that is, those variables 
most directly related to the goals of the task, such as 
the hand’s motion in a throwing task. The control law 
selectively restricts coordination solutions if they lead to 
changes away from the desired values of important task-
related variables. At the same time, the available motor 
abundance is exploited by allowing an entire range of goal-
equivalent solutions to be instantiated, the exact solution 
depending, for example, on momentary fluctuations of 
local movement dynamics and external constraints [17, 
18]. Support for this hypothesis has been provided by 
the results of studies of a variety of motor tasks [19, 20]. 
These results indicate that a range of solutions to motor 
coordination are typically used to control important task-
related variables, even when performance occurs under 
invariant task conditions [21, 22].

The UCM hypothesis served as the framework of 
the experimental approach used here to study joint 
coordination underlying the control of a throwing task. 
We sought to determine whether unique solutions are 
typically used when throwing to a given arm position 
from the different starting location, as the results of 
research suggested unique solutions are typically used 
when reaching to a given terminal hand position from the 
same starting location [15], or whether many solutions 
to joint coordination are used, as hypothesized by the 
UCM approach. A number of studies have considered 
joint coordination [23, 24]. The present study is unique, 
however, in type skill and its analysis of the structure 
of joint configuration variability for a 4 DOF arm 
(shoulder, elbow, wrist and finger joint motion) in relation 

to the control of important task-related variables. We 
were particularly interested in understanding how this 
structure evolved during different phases of the throwing 
movement. In addition, this study evaluated whether and 
how the throwing under different distances conditions 
affected the joint coordination used to control the hand’s 
path.

It is argued that changes in task constraints can 
influence the magnitude of movement variability 
observed during task performance [25]. A reduction in 
coordination variability was also reported, as evidenced 
by the decrease in standard deviation of continuous 
relative phase at larger distances. Nonetheless, there 
was no increase in joint angle variability with distance, 
which counters previous works [26, 27]. The extent 
of compensatory behavior between interacting joints 
is conducted by researchers [26]. This is particularly 
important as it is the structure, and not the magnitude, 
of movement variability that identifies its functionality 
during goal-directed behavior [27]. Consequently, when 
expressed relative to performance outcome, it could be 
argued that skilled motor performance is facilitated by a 
functional bandwidth of movement variability, or, stated 
differently, a region of optimal functioning. An increased 
distance has been shown to instigate a reorganization 
of motor system dynamics. Constraints either allow 
individuals to explore the available phase-space [28], or 
alternatively, constrain the human movement system to a 
narrow range of kinematic solutions [29]. In other words, 
constraints set boundaries or limits within a dynamical 
system [30]. The present study is an investigation in 
joint level and specifically the analysis of the structure 
of joint configuration variability in relation to the control 
of important task-related variables while performing dart 
throwing in different distances.

Methods and Materials
Participants 
The data of fifteen healthy, male subjects, 12–53 years 

of age, who volunteered to participate in this study, were 
analyzed for this report. All subjects gave written consent, 
approved by the Dart Association of the Yazd province, 
before participating. Subject characteristics are presented 
in Table 1. Four subjects were classified as left-handed and 
the remaining eleven subjects as right-handed by report of 
their activities of daily living and throwing history. All 
subjects used their dominant hand to throw to the target.

Equipment and setup
The standard darts board and tungsten darts were used 

to perform the throwing. Based on the rules of the World 
Darts Federation, the height of the center of the dart board 
and the throwing distance to the dart board were set to 
1.73 and 2.4 m respectively, as in the normal darts game.

A two-camera, 120-Hz Optitrack system was used to 
collect the kinematic data and a calibration for accuracy 
confirmation was performed before the start of recording 
(less than 1.0 mm). The cameras were mounted on tripods 
and were angled to be approximately 1.05 rad apart and 
positioned so that all reflective markers placed on the 
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subjects’ left side (or right side for left hand subjects) could 
be seen by both cameras. Three-dimensional coordinates 
were calculated using PowerMac computers and Motive 
software. Six 2-cm-diameter reflective spherical markers 
were attached with adhesive to the skin overlying the 
following bony landmarks: (a) just inferior to the lateral 
edge of acromion process, (b) medial epicondyles of the 
humerus, (c) just distal to ulnar epicondyle (d) carpal 
bones (e) metacarpal bones (f) proximal phalanx of index.

Dart throwing motion has a little perturbation in a 
sagittal plane and were analyzed in only a frontal plane 
in the previous works [31,32]. Besides, in this study, we 
restrict and analyze the motion to 2-D space in a frontal 
plane. This restriction is necessary to promote arm motion. 
For these reasons, we analyze dart throwing motion in a 
frontal plane.

Subject Calibration
A static calibration posture of the arm was recorded 

prior to each data collection. This arm calibration was 
the basis for joint angle calculations in a body-centered 
coordinate frame. All joint angles were defined as 0º at 
this calibration posture. The subjects were told to hold 
their arm perpendicular to the trunk with their thumb 
facing upwards, the wrist kept in slightly bent backward, 
the elbow bent to 90 degrees, and shoulder at 90° of 
flexion. The position was adjusted to meet these criteria 
by the experimenter.

Experimental procedure
Subjects have sideways stance, with both legs 

turned in a vertical direction to the target (Z-axis) and 
shoulder-width apart. The participants were instructed to 
throw darts in a frontal plane (XY plane). In this study, 
participants throw at distances of 1.9, 2.4, and 2.9 m. 
The throwing distance 2.9 m defined as long distance 
compared to the distance of normal darts game. On 
the other hand, the throwing distance 1.9 m defined as 
short distance. Subjects performed 9 dart throws at each 
throwing distance. Each participant threw darts to aim at 
the triple area of the dartboard because this point has the 

highest score in the darts match.
Instructions
Prior to each experiment, subjects were asked to 

assume the same starting position, which was checked 
by the experimenter. They were instructed to perform 
each trial as follows: “After hearing the experimenter’s 
‘go’ signal, throw the dart in one continuous motion 
to the specified target area at a fast, comfortable speed 
while being as accurate as possible. Try to keep the speed 
consistent across all trials and movement directions.” 
Subjects were given as many trials of practice as necessary 
to determine an appropriate speed. In no case was this 
more than five trials.

Data Processing
Reconstruction of the Marker Positions
Reflective marker identification and reconstruction 

of the marker positions from the camera views were 
done using MOTIVE software. Further processing of 
the kinematic data was performed using customized 
MATLAB programs. The marker positions were filtered 
at 5 Hz using a forward and reverse low-pass, 2nd order 
Butterworth filter.

Definition of Motion
The duration of the motion is different in each 

throwing motion or among people. In order to compare 
different trials of dart throwing motion, the throwing data 
is normalized to 0–100%.

• The start time (0%)
The first time at which the elbow joint angular velocity 

rises above zero.
• The finish time (100%)
The first time at which the elbow joint angular velocity 

reduces to zero or less after the start time.
Joint Angle Calculations
Joint angles were obtained based on local coordinate 

systems defined at each joint in the subject calibration 
position (Figure 1). Details of the method, which used the 
algorithms for obtaining the necessary rotation matrices, 
are described in detail elsewhere [5,33]. The new extension 

Table 1. Subject age, height, weight, handedness

Subject Age (years) Height (m) Weight (kg) Dominant Hand
S1 46 180 79 R
S2 53 168 80 L
S3 45 181 78 R
S4 40 168 76 R
S5 38 186 72 L
S6 26 178 68 R
S7 25 175 62 R
S8 25 160 58 R
S9 24 193 77 L
S10 18 175 59 R
S11 24 170 63 R
S12 25 175 62 L
S13 16 175 52 R
S14 15 169 60 R
S15 12 144 40 R
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used in this study was to account for scapula motion. This 
motion was modeled as motion of the rigid body positioned 
on top of the shoulder with respect to the fixed trunk, and 
occurring about an axis located at the sterno-clavicular 
joint. The model was determined to be adequate by having 
test subjects perform controlled scapular motions. The 
values of the reconstructed scapular angles were found 
to be in close agreement with the scapular motions that 
the subjects performed. The joint angles measured during 
the throwing task were (a) scapular elevation-depression, 
(b) elbow flexion-extension (c) wrist flexion-extension 
(d) finger flexion-extension. The joint angle trajectories 
were normalized to 100% based on the previously defined 
trial onset and termination times, using a cubic spline 
algorithm in MATLAB.

Uncontrolled Manifold
The uncontrolled manifold (UCM) approach 

provides a method to partition the variance of joint angle 
combinations (i.e., solutions to joint coordination) across 
multiple repetitions of a task, performed under identical 
conditions, into variance components related to the 
control of important task-related variables. Details of the 
method as applied to the analysis of a similar task have 
recently been provided [5]. Briefly, one component of the 
joint configuration variance represents variations leading 
to a change in the value of the task-related variable being 
considered. This component is referred to here as NGEV 
or non-goal-equivalent variability. The second variance 
component represents joint configuration variations that 
are consistent with a stable value of the task-related variable 
and is referred to as GEV or goal-equivalent variability. 
The manner in which joint variance is structured with 
respect to these two components may differ for different 
task-related variables because the geometric relationship 
between joint angle space and task-related variable space 

also differs. If the CNS employs a control law leading to 
the use of a range of goal equivalent solutions to joint 
coordination, then the GEV component is expected to be 
larger than the NGEV component. In contrast, if the CNS 
were to solve the problem of coordinating multiple DOFs 
by invoking additional constraints or cost functions, 
which lead to a unique solution to joint coordination, 
then both variance components are expected to be very 
small and close to zero. Note that this analysis requires 
the comparison of different hypothesized task-related 
variables under different experimental conditions, 
because variability is relative. If the NGEV component 
were found to be quite large compared to the GEV 
component, then control of the hypothesized task-related 
variable could be considered less crucial for task success. 
In this manner, control is directly related to stability of 
important task-related variables. The first step in applying 
the UCM approach is to develop a geometric model that 
links task variable space with the space of joint angles. 
For a hypothesis about controlling the spatial position 
of the hand, the d= 2-dimensional (2D) hand position 
is expressed as a combination of n = 4 joint angles, the 
joint configuration. Having the geometric model, a linear 
estimate of all possible joint angle combinations that are 
consistent with a given hand position can be obtained. 
This estimate is obtained by calculating the null space 
of the Jacobian matrix (a matrix relating changes in the 
joint angle configuration to changes in a task-related 
variable) [4,5]. In this example, such combinations can be 
represented as an n-d or two dimensional (i.e., 4-2) surface 
embedded in the 4-dimensional coordinate frame of the 
joint angles. We refer to such surfaces as uncontrolled 
manifolds because, strictly speaking, any combination of 
joint angles lying within the UCM is consistent with the 
desired hand position. Thus, there is no need for the CNS 

Figure 1.  Illustration of the right arm’s posture during the procedure to calibrate the arm position for joint angle calculations. From 
proximal to distal, local coordinate systems are centered at the gleno-humeral, elbow, and wrist joint centers. These are coordinate 
systems for reconstructing the joint angles. The same arrangements apply to the left arm.
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to specify a particular value. In practice, other factors or 
task constraints may lead to some restriction of that space. 
At each percentage of normalized time of the hand’s path, 
the average (across trials) joint configuration was used 
to parameterize the Jacobian. This yielded a sequence 
of UCMs, one corresponding to each percentage of the 
hand’s path. To analyze how joint configuration variance 
was structured with respect to the UCMs (i.e., the extent 
to which that variance lay within the UCM), the vector of 
4 joint angles for each trial and at each point in time was 
projected onto each dimension of the UCM and of a surface 
orthogonal to the UCM. The variance of each projection 
across trials yielded the two variance estimates, GEV 
and NGEV, respectively. (See appendix for mathematical 
details.) Note that some amount of NGEV is expected 
because a range of hand (and CM) paths are likely to be 
consistent with successful task performance. The desired 
hand path that the CNS attempts to produce in throwing 
to a target is unknown. Thus, the UCM analysis must be 
based on an estimate of the desired hand path. For this 
purpose, we use the hand path that is consistent with the 
mean joint configuration subjects actually produce across 
acceptable trials. If the desired hand path is identical to 
this mean path, then NGEV is expected to reflect noise 
or error in executing the desired hand path. Most joint 
configuration variance should be partitioned into GEV. 
To the extent that this mean path only approximates the 
desired path, some NGEV will be due to the fact that a 
range of hand paths is actually acceptable, each hand path 
being associated with a different sequence of joint angle 
combinations or UCMs than the UCM representing the 
mean hand path. At present, we have no way to distinguish 
between these contributions to NGEV.

Experimental Hypotheses
Because of the nature of the task, it is apparent that 

the end-effector position will be stabilized at the target 
for successful performances. We hypothesized that this 
would be achieved by structuring the variability of joint 
configurations in a specific way, that is, GEV > NGEV, 
and this would be the case throughout the movement, 
not only near the target. This prediction implies that the 
CNS makes use of available motor abundance to control 
the hand’s position, rather than using a unique solution 
to joint coordination. Note that the latter strategy could 
also be consistent with a stable path and terminal position 
of the end-effector. We also evaluated how the joint 
variance was structured to control the arm’s center of 
mass (CM) position. The researchers suggested that the 
arm’s CM was more controlled than the hand’s trajectory 
when subjects performed a non-redundant reaching task 
[34]. Evidence against this hypothesis was presented 
in a study of a multi-DOF pistol-shooting task [5] and 
pointing task [6]. Here, we sought to determine if the full 
path of the center of mass was also stabilized for the two-
dimensional, redundant throwing task and, if so, whether 
this was accomplished by a similar or stronger use of 
goal-equivalent joint combinations than for the control of 
the hand path.

We also hypothesized that the variance of joint 

configurations would be increased when targeting in the 
different throwing conditions. This prediction was based 
on two factors. A previous study of the coordination 
of a postural task indicated that performance under 
challenging task conditions led to an enhanced use of 
goal equivalent joint configurations [35]. Thus, GEV 
would be expected to increase if a similar effect were 
to result from throwing in the short and long distances. 
Second, probably performance under challenging task 
conditions induce to an inaccuracy of the sensorimotor 
representation of the target [36]. Such uncertainty should 
lead to more inconsistency from trial to trial in selecting 
an appropriate joint configuration needed to produce a 
reliable hand trajectory and, thus, to an increase in NGEV 
compared to throwing in the standard condition. Thus, 
both components were expected to increase. It was of 
interest to determine which predicted effect was strongest 
and whether it depended on the skill of the arm used to 
perform the throw.

Dependent Variables
Components of Joint Variance. The dependent 

variables of primary importance to this study were the 
two components of the variance of the joint configuration, 
GEV and NGEV, calculated at every 1% of the movement 
period with respect to the 3D position of the pointer-tip 
and the 3D position of the arm’s CM. These variances 
were then averaged and evaluated with respect to the 
experimental hypotheses over the periods of 0–20% 
(early phase), 30–50% (middle phase), and 70–90% (late 
phase) of the movement path, as well as at movement 
termination (100%).

Additional Kinematic Variables
The following kinematic variables were also 

examined:
1. Movement time: duration from the onset to the end

of the movement;
2. Time to peak velocity: Peak velocity was calculated

by taking the first derivative of the arm’s path using
central differences method. Then, an automatic
algorithm was applied to find the time of the
maximum velocity using MATLAB. The time to
peak velocity was expressed as percentages (%) of
the total movement time.

3. Path variability of the end-effector and CM: This was
calculated by taking the standard deviation of the
end-effector and CM’s position at each percentage of
the normalized movement across all trials, and then
averaging across 0–20%, 30–50%, and 70–90% of
the movement.

Independent Variable
The independent variables directly manipulated in the 

experiment were the arm with which subjects threw (right 
and left) and the distance conditions (short, standard and 
long distances).

Statistical Analysis
The hypotheses were analyzed with repeated measure 

analyses of variance (ANOVA) using the SPSS statistical 
package. Separate analyses were performed to analyze the 
effects of independent variables on measures related to 
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the paths of the end-effector and of the arm’s CM. Factors 
in the ANOVA included the independent variables and the 
components of variance (GEV and NGEV). Each ANOVA 
was performed separately on data for three different 
phases of the movement (early, middle, late).

Results
Movement time
No subject had difficulty completing the task, keeping 

the movement speed relatively consistent across different 
throwing conditions (Table 2). Movement time variability 
across trials was also not significantly different between 
experimental conditions (P>0.05). Individual differences 
in movement time were evident, however: the range of 
movement times, however, the range of movement times 
was from 2.2 to 2.7.

Below, general features of the movement kinematics 
are presented, followed by the main results on joint 
coordination and their relation to throwing performance.

Time to Peak Velocity
The total movement time was similar across 

conditions (Table 2), while the time to peak velocity, or 
the acceleration phase, expressed as the percentage of 
the total movement time, depended on the availability of 
throwing distances (Table 2). The arm accelerated faster 
when throwing in the long distance than with the short and 
standard distance (F= 6.74, p<0.05). In other words, the 
mean peak velocity of movement was smallest for starting 
positions closest to the target (short distance) and largest 
for the conditions initiated from the 2.9 m distance (F= 
39.72, p<0.05). Moreover, the throwing time was larger 
when throwing in the long distance than with the short 
and standard distance (F= 5.38, p<0.05).

Joint kinematics
Figure 2 shows the mean path of each joint angle of the 

arm of one randomly chosen subject. Note the variability 
of the trajectories across trials. The scapula and forearm 
motions exhibited the smallest movement compared to 
other joints of the hand. The finger motions exhibited the 
largest excursion across all experimental conditions. Joint 
motions were most similar across all trials and subjects for 
all experimental conditions, while individual differences 
were apparent for joint angles variability. The average 
joint excursions of the four joint angles that contributed to 

throwing motion across all trials and subjects are shown 
in Fig. 3.

Figure 4 presents the range of excursion (maximum-
minimum) observed across trials for the four joint angles, 
averaged across the fifteen subjects for each experimental 
condition. All angles exhibited variability across trials. 
Finger and wrist angles exhibited the most variability, 
while the magnitude of variability was more dependent on 
the condition. Thus, contributions to joint configuration 
variability were distributed along the kinematic chain, 
although variability was clearly greatest at the most distal 
segment.

For horizontal and vertical positions of finger, the 
results show the joint variability at all throwing distances 
were statistically higher than ones for wrist, elbow and 
shoulder (p<0.05). Thus it was elucidated that throwers 
coordinate shoulder, elbow, and wrist joints in order to 
achieve a specific kinematics of finger position during 
dart throwing motion. In the case of wrist and elbow for 
either horizontal or vertical direction, the degrees of joint 
coordination at all throwing distances were statistically 
higher than one for shoulder (p<0.05). For vertical 
position of wrist, the degree of joint coordination at each 
throwing distance were statistically higher than one for 
elbow (p<0.05).

The Structure of Joint Coordination and Task Variable 
Control

Figures 5 and 6 illustrate for all subject the components 
of joint configuration variability per DOF that lie parallel 
(||UCM) and perpendicular (⊥UCM) to the UCM for 
hypotheses about spatial position of the hand (Fig. 5) 
and movement path of the arm’s CM (Fig. 6). For the 
hypothesis about spatial position of the hand, ‖UCM >> 
⊥UCM at 70% of the movement path for all experimental 
conditions. Just prior to the mid-point of the movement, 
⊥UCM was more than ||UCM, especially for the long 
condition. However, thereafter ⊥UCM is less than ||UCM. 
Thus, there is evidence that the central nervous system 
(CNS) constrains joint variability along directions that 
keep the spatial position of the hand invariant near the mid-
point of the movement while allowing joint configuration 
fluctuations in directions that do not affect this position. 
Note, however, that the difference ||UCM–⊥UCM for the 
hypothesis about spatial position is often smaller and less 

Table 2. The Mean Movement Time and Time to Peak Velocity for Each Experimental Condition

Movement variables
Distance Conditions

Standard Short Long

Movement time (s) 2.5 2.2 2.76

Time to throw (%MT) 75.38* 70.53* 82.91*

Time to peak velocity (%) 40.35* 32.28* 43.69*

*Significant difference at p<0.05
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Fig 2. Mean joint excursions for arm calculated across all trials for a representative subject’s data in different throwing conditions.

consistent across conditions than for the hypothesis about 
center-of-mass position.

Results of the ANOVAs were consistent with this 
pattern of differences. For the control hypothesis about 
spatial position, significant differences between ⊥UCM 
and ||UCM were present (F=97.4, P<0.005). The 
magnitude of this effect was dependent also on the part 
of the movement cycle examined (F=6.42, P<0.005) and 
on the experimental conditions (F=8.29, P<0.005). The 
first interaction was due to larger differences between the 
variability components at the middle phases and thereafter 
than were present earlier in the movement trajectory 
(Fig. 5). Nonetheless, ⊥UCM was greater than ||UCM 
for portions of the trajectory (10 and 50 %), and for long 
distance condition (F=5.38, P<0.05). The magnitude of the 
difference between ⊥UCM and ||UCM was approximately 
the same for standard and short distances conditions, 
where the differences were smaller overall than for the 
other condition (F>8.71, P<0.05). This smaller difference 
was due to the fact that variability parallel to the UCM 
was smaller than for the other condition.

For the control hypothesis about the arm’s center of 
mass, the overall difference between ⊥UCM and ||UCM 
was significant (F=59.41, P<0.01), as was the interaction 
of this factor with the portion of the trajectory (F=11.36, 

P<0.01). There were significant effects involving 
experimental conditions. At both 10% and 50% of the 
movement trajectory, ⊥UCM was more than ||UCM for 
long distance condition (F=7.84, P<0.05). The difference 
between ⊥UCM and ||UCM was lesser in the short and 
standard distance conditions (F<8.17, P<0.05). While 
in the long distance ⊥UCM was significantly larger 
than ||UCM at 10% and 50% of the trajectory (F=38.75, 
P<0.05), ⊥UCM was significantly in short and standard 
distance conditions approximately equal to ||UCM 
(F=14.57, P<0.01). In fact, beyond 60–70% of the 
trajectory, ⊥UCM was less than ||UCM for the short and 
long distances, suggesting that joint configuration space 
was structured in a way specific to the position of the 
center of mass near the time of throwing, while this was 
not the case for the standard distance condition.

To facilitate a more direct comparison of the two 
hypotheses, the ratio ||UCM to ⊥UCM was examined. 
A significant effect of condition (F=5.73, P<0.05), 
percentage of the trajectory (F2,16=6.00, P<0.05), and 
hypothesis (F=48.82, P<0.01) was found, as well as a 
significant interaction between the hypothesis and both 
experimental condition (F=4.93, P<0.01) and percentage 
of the trajectory (F=27.35, P<0.01). Simple main effects 
revealed that the value of this ratio was larger for the 
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hypothesis about arm’s center of mass than for the other 
hypothesis at approximately all points examined in the 
trajectory (F=12.67, P<0.05). The ratio ||UCM to ⊥UCM 
was significantly less than one for both hypotheses at the 
beginning of the movement trajectory. However, that was 
the opposite, at the middle phase and later.

We also examined how joint configuration variability 
parallel to the UCM was distributed along each dimension 
of the UCM. For the hypothesis about spatial position of 
the hand, the UCM has two dimensions (i.e., four joint 
angles – two orientation angles). Figure 7 provides 
an indication of how this variability, expressed as the 
square root of the individual variance component, is 
distributed along each dimension of the UCM at each 
20% of the movement trajectory. This figure reveals 
that the variability is distributed somewhat non-
homogeneously across dimensions. The dimension of the 
UCM exhibiting the largest variability varies somewhat 
across the movement trajectory, although there is relative 
consistency across conditions for a given point in the 
trajectory. Unfortunately, these variability components 
cannot be related directly to the variability of individual 
joints, because the dimensions of the UCM are not aligned 
with but cut across the seven axes in joint space.

Discussion
One objective of the present study was to identify the 

structure of the joint control system for a skilled motor 
task, namely, dart throwing to a target. A requirement 
for successful throwing performance is the production 
of a stable hand path. There are theoretically many 
ways to achieve this stabilization. We found that control 
of the hand’s movement path and that of the CM was 
achieved through the use of a range of goal-equivalent 
joint combinations. Our results suggest that only certain 
directions in the space of joint configurations are 
restricted—that is, those leading to a change in the value 
of important task-related variables—while a range of 
goal-equivalent joint configurations are actually utilized. 
This finding is consistent with the results of studies of 
the coordination of a number of very different tasks [37]. 
Unlike those tasks, dart throwing is ballistic and targeting 
motor skill which depend more strongly spatial position 
of the hand and arm’s center of mass. We found that 
these task variables structured the joint control system 
throughout the movement, not only near the time of 
throwing and terminal phases of the movement.

We Examined the spatial position of the hand and 

Fig 3. The total joint excursion, averaged across all trials for each subject and then across subjects, for each of 4 joint angles in 
different throwing conditions.
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Fig 4. The range of joint excursion across all trials (maximum-minimum excursion) of each experimental condition for each joint 
angle.

Fig 5. Mean (across subjects) of components of joint configuration variability per DOF lying parallel (thin dashed line) and 
perpendicular (thick solid line) to the uncontrolled manifold for the hypothesis of controlling the spatial position of the arm in 
different throwing conditions.
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Fig 6. Mean (across subjects) of components of joint configuration variability per DOF lying parallel (thin dashed line) and 
perpendicular (thick solid line) to the uncontrolled manifold for the hypothesis of controlling the arm’s center of mass position in 
different throwing conditions.

Fig 7. The components of joint configuration variability parallel to the UCM along each of its dimensions for the hypothesis about 
controlling arm’s spatial and center of mass positon. The two components are represented by bars of different shading in the 
same order at each 20% of the movement trajectory for different throwing conditions.
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arm’s center of mass as task variables that might structure 
control in joint configuration space. We examined spatial 
position to consider the possibility that subjects might 
attempt to shoot from the same final hand position to 
reduce variability of one variable that might affect task 
success [5]. The center of mass was considered, in part, 
because it is especially important to the movement 
dynamics. In addition, the results of a study of reaching 
by researchers [5,34] were used to argue that center 
of mass position is more controlled than end-effector 
position in such tasks. In each case, those changes of joint 
configuration that would change the current value of a task 
variable are assumed to be more constrained than changes 
that do not change the current value of the task variable if 
that variable is essential to successful task performance. 
Thus, the variability of joint configuration from trial to 
trial at corresponding points in time during a movement 
is analyzed as a measure of stability, decomposing it into 
its component that keeps the task variable unchanged 
(fluctuations parallel to the UCM) and its component 
that changes the value of the task variable (fluctuations 
perpendicular to the UCM). A completely different style of 
control could be used, however, i.e., if joint configuration 
variability was severely constrained in all directions. This 
would indicate that specific postural states of the arm and 
their sequences were specified to achieve the goal. An 
advantage of a UCM control strategy (i.e., freeing certain 
directions in joint configuration space from control) 
may be a reduction of unnecessary perturbations [5]. 
That is, applying control signals to the muscles to limit 
certain joint combinations leads to additional interactive 
torques because of mechanical coupling of the movement 
segments. These additional interaction torques would 
need to be compensated to preserve a particular kinematic 
signature [38].

The UCM analysis for the two hypotheses concerning 
the arm’s CM and spatial position of the hand did not reveal 
structure in joint configuration space to the same extent. In 
both cases, variability per DOF perpendicular to the UCM 
was larger than variability per DOF parallel to the UCM, 
but only early in the trajectory. This may indicate that 
task constraints such as control of the position of the end-
effector and of the center of mass contribute more strongly 
to the structure of the control system the later aiming 
phase compared with the early in the transport phase. In 
the final phases of the movement trajectory and for both 
the hypotheses in the all conditions (Except for the short 
distance condition in the hypothesis about arm’s CM), 
both variability components decreased. The decrease in 
joint configuration variance as the target was approached 
and at movement termination may reflect additional 
control action taken by the CNS to help ensure movement 
accuracy. Note that, despite this overall reduction in joint 
configuration variability, goal-equivalent variability was 
still significantly larger than NGEV. However, the stability 
of the hand path was ultimately preserved as shown by 
the reduction of overall joint configuration variability 
and the enhanced structure of GEV>NGEV when the 
hand decelerated toward the target. This corroborates 

that stability of task-related variables is defined as its 
resistance to transient perturbation. Thus, a temporary 
disturbance, like a stronger effect from inter-segmental 
dynamics, eventually will be resolved if this variable is 
important for task success.

For the hypotheses about the arm’s CM and spatial 
position of the hand, we found that variability per DOF 
parallel to the UCM was substantially and significantly 
less than variability perpendicular to the UCM. This 
was true from very early in the movement trajectory 
and only in the long distance condition, but beyond 60% 
of the trajectory, variability parallel to the UCM was 
greater than variability per DOF perpendicular to the 
UCM. Thus motor control system is highly structured in 
joint space in a way that is captured by the variance of 
spatial position of the hand and arm’s CM, only in the 
early of the movement trajectory: those changes of arm 
configuration from trial to trial that change the spatial 
position and arm’s CM are resisted much less than those 
changes of arm configuration that do not change that 
position. For the hypotheses about the arm’s CM and in 
the short distance condition, at the early in the movement 
trajectory, variability parallel and perpendicular to the 
UCM was equal. This lack of a difference resulted both 
from increased variability perpendicular to the UCM and 
decreased variability parallel to the UCM. Another reason 
may well be that the motor control system is structured in 
joint space in a way that is the hypothesized invariance 
of spatial position of the hand and arm’s CM. However, 
at the middle and terminal phases of the movement 
trajectory, variability parallel to the UCM was larger. This 
can be due to the coordination of motor components to 
the stability of important task-related variables. For both 
the hypotheses in the all conditions (Except for the short 
distance condition in the hypothesis about arm’s CM), 
early in the movement path, variability parallel to the 
UCM was less than variability per DOF perpendicular 
to the UCM. This apparently leads to a limitation of the 
motor equivalent solutions available for throwing (i.e., 
||UCM or GEV), rather than increased variability of the 
arm’s CM and spatial position of the hand to the target 
(i.e., ⊥UCM or NGEV). 

The variability perpendicular to the UCM determines 
the variability of the spatial position of the hand and 
arm’s CM. That variability must remain within particular 
bounds in order to accomplish the task. This does 
not imply, however, that the variability parallel to the 
UCM must necessarily be larger. In fact, the variability 
parallel to the UCM simply does not matter for the 
accomplishment of the task. It may be larger than, equal 
to, or smaller than the variability perpendicular to the 
UCM. The fact that fluctuations of joint configuration 
conserve the arm position relative to the target, even 
while the hand is not actually aiming at the target, further 
illustrates that the control structure discovered here is not 
a trivial consequence of success at the task. The increase 
in the use of goal-equivalent joint combinations that we 
observed when subjects threw in the different distances 
could have been a compensatory strategy used to help 
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reduce potentially disturbing internal perturbations (due to 
interaction torque that would be generated by unnecessary 
control action).

The magnitude of the difference between ||UCM and 
⊥UCM was significantly smaller on average when the 
throwing was performed in standard distance compared 
with the other two conditions. However, this result was 
due to reduced variability parallel to the UCM after the 
mid-point of the movement compared with the other 
three conditions, and not to differences in variability 
perpendicular to the UCM. If the decrease and/or increase 
in distance had introduced errors in the timing of the 
arm trajectory across trials, then the basis for our trial 
alignment procedure, prior to time normalization, would 
have been violated. However, this would have resulted in 
greater variability perpendicular to the UCM. Thus, our 
assumption is reasonable and conservative with respect to 
the hypotheses. (For example, with timing errors, the joint 
configuration at 50% of the arm trajectory for different 
trials could be associated with events occurring slightly 
before, slightly after, or at the time of peak velocity and, 
thus, with different UCMs. Because the UCM on which 
the analysis is based is estimated from the mean joint 
configuration at the same percentage of the trajectory 
for all trials, under the assumption of consistent timing 
of the task variable’s trajectory, such timing errors would 
lead to increased variability perpendicular to the UCM. 
Timing variability of the joint trajectories, i.e., one joint 
getting ahead or behind another joint from trial to trial, 
could contribute to increased variability either parallel 
or perpendicular to the UCM. Although we cannot 
determine this effect from the present data, there is 
no reason to expect that the probability of joint timing 
errors contributing to one variability component would be 
greater than to the other.

Joint configuration variability was distributed along 
all dimensions of the UCM for the hypotheses about 
controlling the arm’s CM and spatial position of the 
hand, although this distribution was nonhomogeneous. As 
already noted, there is no direct correspondence between 
dimensions of the UCM and specific joint angles. The 
fact that joint configuration variability is distributed 
along all dimensions of the UCM indicates that all joints 
contributed to the motor equivalent solutions suggested 
by the UCM analysis (i.e., for stabilizing arm trajectory).

Conclusion
In the current study, the geometric model captures 

the relationship between joint configurations and the 
task-related variables only at the level of kinematics. 
Moreover, movement dynamics, which were not formally 
considered in this analysis, must play an important role 
in determining the control structure of such movements. 
This may be especially important in the early stage as 
the limb is accelerated. The finding that center of mass 
position structured joint configuration variability in a 
similar way to spatial position early in the movement is 
consistent with this importance. Nonetheless, although 
movement dynamics and passive biomechanics must 

influence the control of this task, the contribution of such 
constraints is unlikely to be as important in such targeting 
tasks as perceptual-motor constraints posed by the 
external target. This argument is supported by the finding 
that, despite starting from three different initial arm 
positions that involved different muscle lengths, a very 
similar structuring of the joint configuration variability 
was observed. In addition, it is difficult to explain how 
dynamics might account for the fact that the arm and 
end-effector trajectory to the target structured joint 
configuration variability in a particular way even early in 
the movement trajectory.

Our observation that the arm position structures 
variability in joint space in the way predicted by the UCM 
principle is evidence for a particular control strategy 
compatible with the task (out of an ensemble of other 
possible strategies). This particular control principle 
consists of releasing from control (to a degree) those 
DOFs that are not essential to task success. It is important 
to realize that it is not individual joint angles that are 
released from control, but particular combinations of joint 
angles. Because all joint angles are mechanically coupled, 
releasing from control particular combinations of joint 
angles requires, in general, that coordinated signals are 
sent to all joints. Thus, release from control is an active 
strategy, not just a trivial failure to send command signals 
to particular joints.

The nonessential DOFs are released throughout the 
entire trajectory, even while the arm is not actually aiming 
to the target. During the movement, the arm configuration 
goes through different regions of configuration space. 
In these different regions, the UCM is, in general, quite 
different. Therefore, the exact combination of joint angles 
that are released from control varies along the trajectory. 
It actually provides a common principle that predicts 
in which different regions of joint configuration space 
DOFs are released from control. Why would it be a useful 
strategy to release from control some combinations of 
kinematic DOFs to achieve success in a difficult task? 
When the DOFs problem is invoked at the planning 
level, the computational load to specify the time course 
of many variables is sometimes viewed as the problem. 
Thus, reducing the number of DOFs that require planning 
makes the problem more tractable.

What does the UCM principle imply for the problem 
of planning multi-joint movements? A direct experimental 
implication concerns the reproducibility of trajectories that 
define the space of the UCM; in our case, the joint position 
configuration. If postural states of a control variable that 
have reduced stability with respect to particular directions 
in joint space are passed through during the movement, 
then the joint configuration obtained at the end of the 
movement (or at any intermediate point, for that matter) 
may not be perfectly reproducible. Depending on the 
movement path, different types of perturbations may have 
been encountered along the trajectory, which may have 
led to varying shifts of the joint configuration along the 
UCM through which the trajectory passes. As a result, 
the final joint configuration may depend on the starting 



279

2019

06
position of the effector system.

There are two ways in which release from control 
could be achieved. One possibility is that the viscoelastic 
properties of the motor apparatus are tuned to the task, 
reducing the effective stiffness of the arm configurations 
in the task-irrelevant directions in joint space and/or 
increasing stiffness in the directions in joint space along 
which arm position changes during movement. Such a 
control principle would, no doubt, be quite complex in 
view of the large number of DOFs and the prevalence of 
multi-joint muscles. This also makes it quite difficult to 
test such an account, as the stiffness matrix is very difficult 
to measure in this system during the act of shooting.

An alternative account would assume that release 
from control arises from higher levels of motor control 
and planning. Essentially, planning would specify entire 
UCMs and their evolution in time, rather than specific joint 
trajectories. In this way, the nervous system may make 
use of redundancy to provide flexibility of movement 
patterns while preserving the stability of important task 
variables. The problem of motor redundancy, then, should 
be considered not as a problem but as an inherent part of 
the solution for the problem of multi-joint coordination. 
In either account, what must be learned or developed in 
order for skill to emerge is the task-specific structure of 
the motor control system in joint configuration space.

Applications and limitations
According to the results of the research, in order to 

achieve precision control, individuals must stabilize a 
body part position which is close to the finger in throwing 
motion. Moreover, the nervous system makes use of 
redundancy to provide flexibility of movement patterns 
while preserving the stability of important task variables. 
This ability of the controller to use the flexibility may 
be impaired in people with motor disorders, leading to a 
diminished capability to take advantage of the flexibility. 
The routes to applying UCM approaches to clinical studies 
face a number of challenges. In particular, although 
identification of elemental variables may be relatively 
straightforward in people who are healthy, this essential 
step in the UCM analysis may pose problems in patients 
with neurological disorders whose ability to change 
apparent elemental variables independently of each other 
may be impaired. The present study has used analysis of 
variability across consecutive trials at a particular task 
to quantify the 2 components of variance. However, it 
may be unrealistic to expect patients with neurological 
disorders to be able to perform many trials using the same 
control strategy. Development of the UCM method so that 
it can be used for analysis of single trials or small groups 
of trials is urgently needed.

The results of this study indicated that the longer and 
shorter throw induced the new motor control strategy of 
precision control and force generation. The authors’ future 
research will measure and analyze dart-throwing motion 
on different conditions, changing a weight of dart arrows, 
foot stance or arm path. In this study, the UCM analysis 
was applied to dart throwing motion in order to investigate 

the precision control ability by joint coordination. In 
future work, we need to combine the “muscle synergy,” 
which is the motor primitive for redundant muscle; and 
the “motor synergy,” which is a neural mechanism for 
generating joint coordination. Although based on the 
available equipment, a two-camera system was used to 
collect the kinematic data, it is imperative to use more 
cameras for more accurate recording and a more detailed 
review of the orientation of the darts to the target. 

Appendix: Uncontrolled Manifold Analysis
The UCM approach allows the variance of joint angle 

combinations (i.e., solutions to joint coordination) across 
multiple trials, performed under identical conditions, 
to be partitioned into two variance components. Unlike 
a principal components analysis, where partitioning 
of variances is without reference to a priori control 
hypotheses, the UCM method partitions the joint 
configuration variance with respect to specific control 
hypotheses about task-related variables, such as the 
direction of the pointer-tip’s movement. One component of 
the partitioned joint configuration variance is inconsistent 
with a stable value of the hypothesized task-related 
variable. The second variance component represents 
goal-equivalent solutions to the value of the task-related 
variable—that is, multiple solutions to joint coordination 
that preserves the stability of the task-related variable with 
respect to which the partitioning is performed. Thus, the 
approach allows for the identification of different styles 
of control of important task-related variables. The manner 
in which joint variance is structured with respect to these 
two components may differ for different task-related 
variables because the geometric relationship between 
joint angle space and task-related variable also differs. In 
this study, the component of variance that affects the value 
of a task-related variable is referred to as NGEV (non-
goal-equivalent variability), while the component that is 
consistent with a stable value of a task-related variable, 
(i.e., does not affect the value of that variable) is referred 
to as GEV (goal-equivalent variability). (See Methods 
and Materials for details regarding the interpretation of 
various differences between GEV and NGEV.)

Formally, a forward kinematic model is used to link 
the joint angles to the vector representing values of the 
task-related variable. The model describes each value of 
the hypothesized task-related variable, r, in terms of joint 
angles q. The configuration of the arm is described by a 
set of n-joint angles. In this study, the dimension of n=4. 
For determining how variability in joint angle space is 
structured with respect to hypotheses about controlling 
the spatial position of the hand and the position of the 
arm’s center of mass, the task-related variable has d=2 
dimensions. The effector system is redundant (n>d), 
therefore, with respect to motions of the hypothesized 
task-related variables.

The statistical analysis of joint configuration variability 
requires that the UCM be approximated linearly. The 
linear approximation is performed at each time slice 
of the trajectory, around a postural state or reference 
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joint configuration q0. The postural state is estimated 
by calculating the mean joint configuration across trials 
of identical condition at each time slice. The linearized 
forward kinematics around each reference configuration, 
q0, is

where r0 is the value of the task-related variable 
corresponding to the reference configuration of joint 
angles, q0. J(q0) is the d × n Jacobian matrix computed 
at each time slice for the reference configuration. In 
this case, the UCM is approximated by the null-space 
of the Jacobian matrix, J(q0). The null space represents 
those joint angle combinations that leave the task-related 
variable unaffected. The null-space is spanned by basis 
vectors ei, solving

There are n-d basis vectors, so that the null-space has 
n-d dimensions. The ei  vector is computed numerically 
at each time slice using MATLAB. Then, at each time 
slice, deviations of the vector of joint angles of each trial 
from the vector of mean joint angles, q - q0, are resolved 
into their projection onto the null space: 

and the component perpendicular to the null-space:

The amount of variability per DOF within the UCM 
is estimated as:

where 

	
  is the squared length of the 

	
 deviation 

vector lying within the linearized UCM. Analogously, the 
amount of variability per DOF perpendicular to the UCM 
is estimated as:

As noted earlier, these variance components are referred 
to as GEV ( ) and NGEV (	 ) in the body of this article.
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Abstract
Purpose: The purpose of this study was to describe anthropometric characteristics and body composition of soccer 

players from different competitive levels, elite and sub-elite as well as to make comparison between 
them.

Material: Seventy-seven subjects were enrolled in this study, divided into three groups: twenty-six elite soccer 
players, twenty sub-elite soccer players and thirty-one healthy sedentary subjects. All subjects were 
assessed for anthropometric measurements required for the calculation of body composition variables 
using standardized procedures which were recommended by previous studies. Data was analyzed by 
using SPSS and the descriptive statistics were expressed as a mean (SD) for each variable, while the 
ANOVA and the LSD Post Hoc tests were carried out to discover effects of each type of sport.

Results: The results showed that a significant difference was found in weight, body mass index, bone content 
and body fat, while a significant difference was not found in two remaining variables, height and muscle 
mass.

Conclusions: Therefore, these findings may give coaches from the region better working knowledge and thus provide 
knowledges for soccer experts which will help them to select talented players as best as possible.

Keywords: morphological characteristics, body composition, male athletes, senior.

Introduction1

Based on a survey conducted by the Fédération 
Internationale de Football Association we find that 
269.610 million men and women are active in playing 
football [1]. This incredible number represents 4.13% 
of the world’s population, and 10% of them are women. 
Of the number mentioned above, 226.265 million are 
unregistered occasional players, and 38.287 million are 
registered players. The registered players include 113.000 
professional soccer players, 15.481 million amateur 
league players aged 18 and older, 21.548 million young 
players up to 18 years old, 1.112 million futsal players 
and 33 000 beach soccer players. From the same sources, 
we find that there are 301.000 registered clubs and 1.752 
million teams in the world. Also, that the increase of 
football consumers between 2000 and 2006 is clearly 
visible. Number of registered players increased by 23% 
in this period and the number of occasional unregistered 
players by 7%. Hence, with 242 million men and women 
active in playing football in 2000, the total figure reached 
the number of 265 million men and women active in 
playing football in 2006. So many interested people 
obligate scientists from around the world to seriously deal 
with this field of sport and to help young people who want 
to compete to find their place in such a complex structure 
of the organization.

It is obvious that the desires and motives that 
encourage each individual to deal with this sport are not 
the same. Some have the desire to be actively engaged in 
soccer and choose this sport as a profession, while others 
© Masanovic B., Milosevic Z., Bjelica D., 2019 
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want to play soccer recreationally and through it satisfy 
some completely other desires, such as the maintenance of 
psychophysical abilities at the optimum level. For such a 
form of playing free choice, and proper medical control are 
characteristic [2-5]. Playing soccer at an amateur league 
level is reflected in the massive number of recipients and 
the widespread distribution in each environment [6]. On 
the contrary, elite soccer can be defined as an activity 
aimed at achieving the greatest accomplishments in sport, 
and we can mark the sport result as the basic measuring 
unit of success [7, 8]. 

The focus towards the greatest sport results and 
professional soccer is very dependent on the timely 
selection of players [9]. In elite soccer, experts are 
constantly looking for the most effective formula for 
recognizing and developing talented young players, 
because their goal is to find those players who are, based 
on their attributes, the most similar to top-level and 
already proven players [10].

In order to achieve this goal, they have to be focused 
on the long-term development of soccer players, because 
different factors may predispose individuals towards a 
successful career, and identifying characteristics that 
distinguish performers can be very difficult [11, 12]. 

Some answers to this issue can be detect by comparing 
the anthropometric characteristics and the body 
composition of players of elite ranks of competition and 
the lower-ranked players [13-15]. Comparisons between 
players exposed to systematic training with already highly 
selected players can help to establish the distinguishing 
features of expertise and to identify the factors that 
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determine a player’s potential to progress to higher levels 
of play [16, 17].

The purpose of this study is to describe the 
anthropometric characteristics and body composition of 
the soccer player of different levels of competition, to 
examine the differences between two competitive levels, 
elite and sub-elite, and thus provide soccer experts with 
knowledges which will help them to select talented 
players as best as possible.

Material and Methods
Participants: Seventy-seven male athletes were 

enrolled in this study. They were divided into three 
groups: twenty-six elite soccer players (23.23±3.35 
yrs.) from the Serbian Premier League, twenty sub-elite 
players (23.60±4.74 yrs.) from the Fifth Serbian League 
and thirty-two healthy sedentary subjects from the same 
country (24.94±3.10 yrs.). Testing was conducted in the 
winter preparation period.

Procedure: All subjects were clinically healthy 
and had no recent history of infectious disease, asthma 
or cardio-respiratory disorders. All of them gave their 
written consent and the local ethics committee approved 
the protocol of the study. All subjects were assessed for 
the twenty anthropometric measures required for the 
calculation of body composition variables, using the 
standardized procedure recommended by the International 
Biological Program (IBP) [18] standards respecting the 
basic rules and principles related to the parameter choice, 
standard conditions and measurement techniques, as well 
as the standard measuring instruments adjusted before 
measurement was carried out. Height and weight were 
measured in the laboratory with the subject dressed in 
light clothing. Height was measured to the nearest 0.1 cm 
using a fixed stadiometer, and weight was measured to the 
nearest 0.1 kg with a standard scale utilizing a portable 
balance. Skinfolds (mm) were measured at six sites: 
triceps skinfold thickness, forearm skinfold thickness, 
thigh skinfold thickness, calf skinfold thickness, chest 
skinfold thickness and abdominal skinfold thickness 
(using a skinfold caliper). The circumferences (cm) 
were measured at eight sites: minimum and maximum 
circumference of the upper arm, minimum and maximum 
circumference of the forearm, minimum and maximum 
circumference of the upper leg, minimum and maximum 

circumference of the lower leg (using a anthropometric 
tape). At last the following diameters were measured 
to the nearest 0.1 cm: elbow diameter, wrist diameter, 
diameter of the knee, diameter of the ankle (using a small 
siding caliper). To reduce measurement variation, the 
same investigator examined all of the subjects. Body mass 
index (BMI) was calculated as body mass in kilograms 
divided by height in meters squared (kg/m2). The values 
of bone, muscular, and fat contents of body composition 
were acquired by distributing all the measured variables 
in formulas by Mateigka [19].

Statistical analysis: The data obtained in the research 
was processed using the application statistics program 
SPSS 20.0, adjusted for use on personal computers. The 
descriptive statistics were expressed as a mean (SD) for 
each variable. Analysis of the variance (ANOVA) and the 
LSD Post Hoc test were carried out to detect the effects 
for each level of competition (elite or sub-elite) on each 
variable: body height, body weight, body mass index 
(BMI), and muscle, bone and fat content of the body, as 
well as to control it by sedentary subjects. The significance 
was set at an alpha level of 0.05.

Results
Anthropometric characteristics of subjects are shown 

in Table 1. There were significant differences in four out 
of six variables among the groups. Hence, a significant 
difference was found for weight (F= 3.56), body mass 
index (F= 3.23), bone content (F=4.27) and body fat 
(F=27.72). There is no significant difference in the 
remaining two variables: height (F= 1.78) and muscle 
mass (F=2.16).

Significant differences of anthropometric 
characteristics among particular sports are shown in 
Figure 1. The LSD Post Hoc test indicated that subjects 
from the control group were heavier and have higher 
body mass index than elite soccer players and sub-
elite soccer players who have the lowest value of both 
mentioned parameters. When it comes to bone content, 
sub-elite soccer players have highest percentage, while 
subjects from the control group have lowest percentage of 
bone content. Lastly, elite soccer players had the lowest 
percentage of body fat, while subjects from the control 
group had the highest percentage body fat. It was not 
found any significant difference for the muscle mass, but 

Table 1. Descriptive data and ANOVA of male athletes enrolled in the study (n=71)

Variables Elite Soccer (n=26) Sub-Elite Soccer (n=20) Control (n=31) ANOVA
Mean ± Standard Deviation

Height (cm) 182.11±6.73 179.77±7.51 183.72±7.60 0.175^
Weight (kg) 80.10±7.13 77.40±16.04 86.74±14.68 0.033*
BMI (kg/m2) 24.11±1.14 23.74±3.30 25.61±3.49 0.045*
Muscle mass (%) 49.90±2.78 49.66±3.18 48.32±3.27 0.123^
Bone content (%) 15.77±0.92 16.07±2.20 14.78±1.78 0.018*
Body fat (%) 9.64±1.60 15.73±4.67 18.51±5.89 0.000*

Note: N - number of subjects; BMI - body mass index; ^ - non-significant; * - significant difference between groups.
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it was noticed that elite soccer players had the highest 
muscle mass, while subjects from the control group had 
the lowest values.

Discussion
Some previous studies suggest that there has been a 

tendency to recruit taller and heavier soccer players [20]. 
The absence of differences between soccer players and 
subjects from the control group in this study raises doubts 
that the selection process has been carried out correctly, 
especially since even elite soccer players are shorter 
than subjects from the control group. Nevertheless, it 
has to be considered that the average body height of all 
participants in the FIFA 2018 World Soccer Cup that took 
place in Russia 2018 was 182.41 centimeters, while the 
average body height of the national team of France, who 
won the first place on championship, was 183.3. On the 
other hand, Luka Modric and Kylian Mbappe, the best 
player and the best young player of the FIFA 2018 World 
Cup in Russia 2018, were 172 and 178 centimeters tall, 
while the most valuable French and Belgian players, 
Antoine Griezmann and Eden Hazard, were 175 and 173 
centimeters tall. Mentioned official statistical data proved 
that elite soccer players involved in this study were tall 
enough and did not lag behind the top World players, and 
that the selection of players was well done, which is not 
a surprise given that the high percentage of very high 
subjects is a characteristic of people from this area [21-
23]. Likewise, the tendency to recruit taller soccer players 

is not unsworn in the scientific literature yet [24-26]. 
When it comes to sub-elite players, they are somewhat 
lower than the other two remaining group of respondents, 
but this is consistent with previous literature that points 
out that sub-elite players have a lower average height than 
the elite [13, 27].

However, we found that subjects from the control 
group have the highest body mass and highest values of 
body mass index. The values of both of these variables 
are slightly higher than in the case of elite soccer players, 
and significantly higher than sub-elite soccer players, 
which corresponds with previous studies [14, 28]. Body 
mass and BMI subjects from the general population are 
higher because their physical activity is far lower than the 
activity of soccer players from both groups. On the other 
hand, body weight and BMI elite players are higher than 
when it comes to sub-elite players, because the body of 
elite players must be stronger due to higher demands of 
their ranking [6].

Surprisingly, we did not find any significant differences 
among the groups regarding muscle mass, as it is widely 
known that increasing lean body mass is important to 
improve strength and power, relevant to sport performance 
[29]. However, it is not a worry factor because, fortunately, 
the muscle mass of soccer players from this study 
corresponds to the values obtained from previous studies 
[30], and high values of muscle mass of sub-elite soccer 
players and subjects from control group point out the high 
quality of their training, i.e. the correct diet. 

Legend: * - significance; **- non-significance.

Figure 1. LSD Post Hoc test for the different parameters among the subjects
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On the contrary, the percentage of bone content of elite 

soccer players is of the highest values, slightly higher than 
the percentage of bone content of sub-elite soccer players, 
and significantly higher than those of subjects from the 
control group, which supports the previous knowledges 
of positive impact of physical activity on bone mass [31, 
32].

Lastly, a low percentage of body fat of elite soccer 
players from this study, which was significantly lower than 
the percentage of body fat of sub-elite soccer players and 
subjects from the control group, showed that elite players 
have a high level of physical performance. Also, sub-elite 
soccer players had a significantly lower percentage of 
body fat than subjects from the control group, which is 
also expected, because in many previous studies soccer 
has been recognized as an aerobic sport [33, 34] in which, 
as it is known, excessive fat mass compromises physical 
performance [35, 36]. Certainly, it is very important to 
remember that the National Strength and Conditioning 
Association indicates that body fat percentages should not 
be lowered below 7 percent, because soccer players need 
a certain body fat percentage to perform well enough and 
achieve their full playing potential.

The importance of body composition in sport 
performance is a primary concern in creating elite 
soccer players profiles as well as conditioning programs 
throughout a season at all levels of competitions [28]. 
Also, describing anthropometric characteristics and body 
composition of soccer players and detecting possible 
differences in relation to competition levels may give 
coaches a better working knowledge of the studied groups, 

and can allow them to identify the factors that determine 
a player’s potential to progress to higher levels of play.

Conclusion
The results of this study suggest that soccer players from 

both competitive levels had a slightly higher percentage of 
muscle mass and significantly lower percentage of body 
fat in comparison to the control group, while that elite 
soccer players had slightly higher percentage of muscle 
mass and significantly lower percentage of body fat in 
comparison to the sub-elite soccer players. This study also 
suggests that soccer players from both competitive levels 
had significantly increased bone content in comparison to 
the control group. The part attributed to the body height 
is the main cause of the selection process, and lastly, the 
part attributed to body weight and BMI could be the main 
cause consequence of nutritional habits.

The limitation of this study is that testing has been 
carried out in the middle of the competition season, and 
the body composition may change during the season [37]. 
Accordingly, the next testing should be planned at the 
beginning and at the end of the season, because in that 
way they would have an accurate insight into the changes 
during the macrocycle. In this way more representative 
data will certainly be provided, but this does not diminish 
the contribution of this preliminary study, because it 
also contains data that can help football experts to select 
talented players as best as possible.
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Abstract
Purpose: The purpose of this study is to compare two cold water immersion (CWI) protocols, continuous and 

fractionated, to optimize the recovery of Handball players after on recovery from exercise resulting in 
exercise-induced muscle damage. 

Material: Ten male Handball players (age: 15 ± 1.4 years, mass index: 67.2 ± 5.1 kg, height: 176.6 ± 7.30) voluntarily 
participated in the study. After three 90-minute training sessions (average heart rate 160 ± 15.81, 156 ± 
5.53 and 156 ± 12.24 bpm) per week, participants were divided into 03 groups. The first experimental 
group (GE1) in continuous immersion (CWIC) of (12 minutes, 12± 0.4° C), a second experimental group 
(GE2) in fractional immersion (CWIF) of (4 x 2 min at 12 ± 0.4° C + 1 min out of water) and a control group 
(GC) in passive recovery. Body mass indices (BMI), countermovement (Countermovement jump) and 
muscle pain (Intensity of pain in the thighs) were measured. 

Results: The results concerning the percentage differences in the variation of the CMJ occurred respectively at 
24h (Z = 12.62, p = 0.004) and 48h (Z = 16.22, p <0.001) compared to the control group. In addition, the 
results for muscle volume did not report any significant interaction (F (5.64) = 3.42, p = 0.078). The results 
of both protocols showed their effectiveness in reducing pain intensity by 24 and 48 hours after intense 
training (F (3.54) = 2.91, p = 0.016, p2 = 0.24).

Conclusions: In conclusion, continuous and fractionated cold water immersion is beneficial for neuromuscular recovery 
24 hours after intense exercise. The results also demonstrate a rapid recovery of handball players from 
their physical potential required in high level competitions.

Keywords: cold water, immersion, recovery, handball, physical performance.

Introduction1

There is Cold water immersion (CWI) is a popular 
form of cryotherapy and considered one of the most 
effective for reducing tissue temperature and sustained 
cooling after removal [1] and speed up the recovery 
process [2, 3].

 Different approaches to these methods [3, 4], as well 
as the results [4–7] have shown a beneficial effect of these 
techniques in recovery. In contrast, other studies have 
reported no significant effect on recovery [8, 9].

More specifically, experimental studies indicate that 
CWI generates a series of physiological changes including, 
the reduction of core body temperature [10, 11], acute 
inflammation [12], muscle spasms, and pain sensations 
[13], localized edema [12], as well as symptoms related 
to delayed onset muscle pain [14–17] 

The perception of fatigue and levels of creatine 
phosphokinase (CPK),, another study to realize by [10], 
whose aim was to examine the effects of 20-minute (14° 
C) imersion on neuromuscular function, recommendations 
were made to suggest that temperature and duration 
Optimal CWI for performance-based exercise recovery 
and management of exercise-induced muscle damage are 
at 10-15° C and 5-15 min [3, 21].
© Mokhtar M., Adel B., Wahib B., Hocine A., Othman B.,  

Mohamed S., 2019 
doi:10.15561/18189172.2019.0603

Most of these studies compared CWI under control 
or passive recovery, using continuous dips [17, 21–23]. 
On the other hand, CWI has also been used through the 
fractional method. The results concluded that this form 
of immersion has no effect on the athlete’s recovery 
and performance [24, 25], In addition, another study 
[19] reports positive effects on recovery using CWI 
intermittently.

These contradictory results make necessary the 
deeper exploration of these approaches to be able to bring 
objective and weak answers. Moreover, despite the wide 
dissemination and use of this recovery technique [3], to our 
humble knowledge [26], only one study has explored the 
use of this technique in Handball players [7]. The protocol 
to use was that of the split CWI. The results showed a 
positive effect on handball recovery. However, no study 
has explored the effects of the two methods on recovery 
among university Handball players in team sports.

The advanced physiological mechanisms when using 
fractional immersions show a pumping effect caused by 
vasoconstriction and vasodilatation, which occur due to 
temperature change. This pumping effect stimulates the 
transport of waste and nutrients into the body [8, 27]. 
In contrast, continuous immersions are advocated as a 
result of increased exposure to cold and the effects of 
vasoconstriction and hydrostatic pressure which together 
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facilitate processes such as, rapidly decreasing body 
temperature, and acceleration of processes associated 
with decreased pain [28].

Hypothesis: This study set out to test the hypothesis 
that, we assume that the response of the recovery 
indicators varies significantly depending on the type of 
CWI recovery protocol. 

Purpose: Therefore, the main objective of this study is 
to compare the effects of two recovery protocols by CWI 
after a state of intense fatigue in highly-trained university 
Handball players

Materials and Methods
Participants
The subjects who voluntarily participated in this 

experiment were Hand Ball players between 14 and 15 
years of age (15±1.4 years of age) and a body weight 
of 67.2 ± 5.1 kg, with a height of 176 ± 3.02 cm. Their 
sporting experience was (5±2 years) on average. They 
trained three times a week. Each training session lasts 
1 hour and a half. In addition, the entire team regularly 
participated in one competition once a week, for a total of 
12 competitions during the pre-competitive period (Fig. 
1). The experimental procedures, the associated risks and 
benefits were explained to each player through a consent 
form signed by the parents.

Subjects were homogeneously distributed A balanced 
design was applied in which subjects in Experimental 
Group 1 received the abstract (CWI.C), subjects 
in Experimental Group 2 received the (CWIF) and 
subjects in the Control Group received the a (GC). This 
population was passively recovered, as shown in Figure 
1, and this study was conducted prior to the competition 
period. The study was designed in accordance with the 
recommendations for clinical research in the Declaration 
of Helsinki  [29] . The protocol was reviewed and approved 
by a committee of experts from the Institute of Physical 

Education and Sport of the University of Mostaganem 
(Algeria). 

Study Design
Body composition and anthropometric measurements: 
The mass index was determined using a model 

(Tanita BC-1500, Japan 2015) with an accuracy of ± 0.1 
kg. The height was measured using a wall stadiometer. 
The Percentage of fat was calculated using a skin 
fold caliper, data from 7 sites (chest, medial-axillary 
subscapular, triceps, suprailiac, abdomen and thigh) [30, 
31]  were evaluated. All measurements were made with an 
anthropometric measurement calculation tool  [32] . The 
water temperature was monitored and recorded using a 
DeltaTrak digital thermometer, model 12207 (Lima, Peru) 
at 1-minute intervals.

The Performance and Recovery Indicators:
Perceived pain: 
The visual analog scale (VAS 0-10) was used to 

measure the pain perceived by the subjects. In this case, 
zero (0) indicates no pain and ten (10) indicate extreme 
pain. To determine the level of pain, subjects were 
asked to perform the 90-degree chase test and indicate 
the perceived muscle pain in the thigh. This method has 
already been used in pain perception after intense exercise  
[14, 18, 19, 25] .

The circumference and volume of the thigh were 
measured using an anthropometric tape measure. 
Circumference was measured at two locations on the 
leg, under the buttock and above the knee. A marker was 
used to ensure the reliability of the re-test (before the 
recovery protocol and at 24 and 48 hours respectively 
after recovery). These data allow the calculation of thigh 
volume, which is an indicator of inflammation and muscle 
damage  [10] . The formula updated by  [33–36]  was used 
to calculate muscle volume as Follows:

Vol= h/12 x π x [C12 + C22+ (C1) x (C2)] 

Figure 1. Shows the random assessment of the study
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Note: h =high thigh; Π =3, 14; C1=Sub-gluteal 
circumference; C2= above knee circumference. 

The counter-movement jump test (CMJ):
The measurements were made using a force platform. 

Three tests were performed with a recovery time of 
2 minutes, and the best jump was recorded for each 
measurement episode. The jump countermovement test 
(CMJ) has an intra-class correlation reliability (CIC=0.98)  
[37] . All variables were measured before and immediately 
after the recovery (from 0 hours) and at 24 and 48 hours 
after cold water immersion.

Statistical Analyses 
Descriptive statistics (mean and standard deviation) 

were calculated for all variables. The normality of the 
data was assessed using the Shapiro-Wilks test. The 
results indicated normality for all variables except muscle 
volume and MJF performance, which were analyzed in 
terms of percentage change from the previous value. 
Since the values of these two variables were not normally 
distributed, another non-parametric statistical analysis 
was performed, using the Kruskal-Wallis H test. The 
other variables were analyzed with their own units of 
measurement. The Levene test was used to analyze 
the homogeneity of variances. Repeatedly measured 
ANOVAs were used to compare post-exercise muscle 
pain at 0, 24 and 48 hours after exercise. Bonferroni post 
hoc analysis was used.

Results
Table 1 above presents descriptive data for the 

variables associated with recovery for each of the 
experimental conditions (CWI C, CWI F, and GC) at 
different measurement times. Statistically significant 
differences do not appear for pain perception and counter-
jump movement (p<.05); details are presented in (Figure 
2).

Figure 2 above shows a significant interaction (F 
(3.92) = 3.62, p = 3.16, p =.24) with the two immersion 
protocols (CWI.C CWI.F) and significantly reducing pain 

perception compared to GC (passive recovery) perceptions 
in measurements immediately after immersion (CWI.C 
Vs CG, p<.001) (CWI.F Vs CG, p =.009), at 24 hours 
(CWI.C Vs CG, p =.021) (CWI.F Vs CG, p =.024) and 48 
hours after immersion (CWI.C Vs CG, p=.017) (CWI.F 
Vs CG, p=.032).

Statistically significant differences were not reported 
when comparing the reference value with the post-
immersion measurements. In addition, statistically 
significant differences were not reported (p< 0.05) at any 
of the measurement times when comparing the continuous 
immersion group with the split immersion group. Change 
CMY test CMY 0% (CWI.F 1 ٭ inverted values) CWI.C 2 
Pre-Post Exec. 24 hours 48 hours of significant difference 
with respect to the control group (p<0.05), CG: control 
group.

Figure 3 above shows statistically significant 
differences in jump ability by analysis using the MJF 
test at 24 hours (Z= 12.62, p =0.004 when CWI.C; 
CWI.F comparison and with GC (passive recovery) 
(CWI.C vs CG, p=.006) (CWI.F vs GC, p=0.029) and 
48 hours after training (Z= 16.22, p<0.001), (CWI.C Vs. 
CG, p<0.001) (CWI.F vs CG, p=0.017). In addition, no 
statistically significant differences (p<0.05) were reported 
when comparing the two groups that were continuously 
immersed with the fractionated group. Concerning 
muscle volume, the analysis did not show any significant 
interaction (F (3.54) = 2.42, p = 0.058).

Discussion 
The main purpose of conducting this study was 

to examine the effects of two cold-water immersion 
protocols: the CWI C protocol (12 min immersion at 
12 ± 0.4°C) and the CWI F protocol (4 times x 2 min 
immersion at 12 ± 0.4°C + 1 min out of water) after intense 
exercise on recovery. The main finding of this study is 
that both immersion protocols are effective in reducing 
signs of fatigue and delaying the onset of muscle pain. 
The analyses also showed positive effects on the recovery 

Table 1. The mean scores of experimental and control groups 

Percevied pain Muscle think volume Counter movement 
jump

Variables basline 0H 24H 48 basline 
(mm): 

0H 24H 48 basline 
(cm)

0H 24H 48

CWI.C mean 4.32 2.31 2.52 2.26 4726.03 4663.6 4520.9 4566.9 44.2 43.61 43.03 43.94

 SD 1.63 1.17 1.61 1.2 850.2 843.8 840.5 983.5 5.6 4.89 4.8 5.06

CWI.F mean 4.86 3.24 2.73 2.55 4735.8 4662.9 4782.1 4703.9 44.7 43.9 43.56 44.64

 SD 1.52 1.56 1.48 1.06 1180.5 1213.4 1122.8 1248.1 4.63 4.94 4.06 4.97

G.C mean 4.63 5.81 5.02 4.53 5065.9 4934 4894.3 4886 46.76 46.93 45.6 43.3

 SD 1.67 1.59 1.54 0.83 1084.6 1184.2 1102.9 1129.5 7.6 6.95 7.2 7.49

Notes: G.E 1 (CWI.C): Experimental group with the Continuous Cold Water Immersion Protocol. G.E 2 (CWI.F): 
Experimental group with the Fractionated Cold Water Immersion Protocol. G C: Group control. 
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of jump capacity measured using the CMJ jump test.
In the case of the study of Simmons  [38] , continuous 

immersion in cold water as part of the 12-minute protocol 
at 12 ± 0.4°, the latter proved effective in reducing muscle 
pain immediately after immersion and at 24 and 48 hours 
after intense exercise. These results are not consistent 
with the work of Glasgow and stevens  [23, 39]  but 
with those reported by Delextrat, Rowsell and Stanley  
[16, 17, 40]  which indicate that cold water reduces the 
functional and physiological signs associated with muscle 
pain  [41]  and confirm that the use of this protocol for 
CMJ is effective. These results further reinforce protocols 
with temperatures ranging from 11°C to 15°C, with an 
immersion time of 10 to 15 minutes that have a positive 
effect  [41]  and that MJF techniques appear to be more 
effective in accelerating performance restoration in 
different sports by using immersions 5 to 15 minutes at a 

water temperature of 5-20°C  [42] .
In addition, in fractional dives under the 4 x 2 min 

immersion protocol with a water temperature of 12 
± 0.4°C + 1 min above water at room temperature, the 
results obtained disagree with those reported by  [43]  
When used, the 3 x 1 min protocol of immersion at 5 ± 
1°C, with 1 min out of water, does not report positive 
effects on DOMS on a comparison of the experimental 
group with the control group.

Our results are consistent with those reported by 
Ascensaoand al  [19]  who used a 5 min x 1 protocol 
(10 ± 0.5°C + 1 min out of water) at room temperature 
and reported positive effects of intermittent immersion. 
These concordances with research results were reported 
by António Ascensão & Magalhäes  [44]  who found 
significant differences both immediately after the 
immersion protocol and 24 hours after training compared 

Figure 2. Shows the perception of muscle pain (UA) and its tendency between the 3 groups.	

Figure 3. Shows the counter movement jump between the 3 groups CMJ (cm)	
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to the control group.
Similarly, Sánchez-Ureña  [45]  reported significant 

differences at 24 hours after training between the 
fractionated immersion group and the control group, 
using the 2 x 5-minute immersion protocol with water 
temperature at 10°C and 2.5 minutes out of water at 21°C 
± 0.5. This study is the first to report these differences both 
immediately at 24 and 48 hours after exercise, indicating 
that the protocol used was characterized by the reversal of 
the previous protocol.

These physiological results demonstrate that the 
physiological and functional symptoms associated with 
Post-Effort Muscle Pain (EPMP) associated with the 
reduction of acute inflammation  [12] , as well as the 
presence of symptoms in the muscle  and the effect of 
hydrostatic  [13, 14]  pressure  [6]  have accelerated 
recovery. Another mechanism could be related to cold 
exposure that has shown the potential for activation of 
the transient 8-melastatin receptor  [27, 47]  which is 
related to pain and temperature sensation  [48, 49] . Once 
activated, TRPM8 has an analgesic effect given by the 
action of the interphas neurons the inhibitory interphase  
[48, 50]  and which improves the perception of DMPE 
and increases the feeling of recovery  [28] .

It is also important to note that exposure to cold 
causes changes in the neurotransmitters of dopamine and 
serotonin, which are responsible for regulating mood, 
sleep, emotions, motivation, pain perception and fatigue. 
Cold water immersion may help to reduce central nervous 
system fatigue  [28]  and suggests that an increase in 
serotonin/dopamine ratio is associated with fatigue and 
the rapid onset of fatigue, while a low serotonin/dopamine 
ratio promotes better performance through maintenance 
and physiological activation.

In addition, the jump capacity measured by MJF 
through the two immersion protocols was found to be 
more effective than passive recovery. This result is 
consistent with the studies of Mokrani and Stanley & 
Peake  [17, 51] . Indeed, using a continuous immersion 
protocol, differences were also observed between this 
group and the control group in terms of effectiveness 
using the Squat Jump test 48 hours and 72 hours after 
exercise but not at 24 hours after exercise the exercise 
between the two groups.

As with cold water immersion, Ascensão  [44]  used 
a five-minute protocol after the end of the competition to 
2 split dives of the lower limbs (to the iliac crest) in a 
cold water bath (11°C), separated by 2 min in ambient 
air (sitting, ambient temperature 20°C) resulted in 
statistically significant differences 24 hours after the 
CMJ test immersion. These results are in line with the 

conclusions of our study.
In addition, the results for thigh volume coincide with 

those reported by Zagatto et al  [52]  who also observed 
that continuous immersion did not significantly decrease 
edema evaluated at 24, 48 and 72 hours after training. 
Similar conclusions have been reported by Wilcock & 
Hing  [53]  showing that the use of a continuous immersion 
protocol did not lead to a significant decrease in muscle 
edema in the immediate posterior measurement. Wilcock  
[53]  also indicated that the thigh circumference (edema) 
which is an indicator varies less throughout cold water 
training in the continuous immersion and control groups. 
The results are identical to the results of this study. One 
possible explanation is that the load to which the players 
were exposed did not cause sufficient muscle damage to 
generate oedema. The results obtained in this study allow 
sport professionals, such as coaches and trainers  [54] to 
choose the best protocol for their athletes according to 
their preference, given the effectiveness of both protocols. 

 
Conclusion
In the field of sports training and more particularly in the 

field of active recovery, more work is needed to compare 
different cold water immersion protocols, including the 
measurement of biochemical variables such as creatine 
phosphokinase (CPK) and lactate dehydrogenase (LDH) 
physiological myographic surfactants as well as other 
variables such as reaction time  [55] , contraction and 
muscle relaxation time. In addition, it is necessary to test 
different split immersion protocols that take into account 
immersion times, in-water and out-water relationships and 
temperature differences to optimize the most appropriate 
protocol for the type of sport.
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Abstract
Purpose: Thanks to the positive health effects of physical exercise, physical education is an integral part of 

the education system, with two hours per week, which is insufficient to achieve an optimal effect in 
transforming the anthropological status of children. The aim of the research was to determine the 
effects of regular and modified physical education with the application of contents from sports games 
(basketball, volleyball and handball) in the duration of one semester to changes in basic motor skills in 
pupils of the fifth grade of elementary school. 

Material: The study included N = 106 students of the V class, aged 10 to 11 years, clinically and mentally healthy, 
and with no pronounced morphological and locomotor impairments. The sample of examinees was 
divided into two subgroups. The first was an experimental group of 53 students, who carried out physical 
education classes according to the modified plan and program of sports games (basketball, volleyball 
and handball) for a semester. The other was a control group of 53 students who attended regular classes 
from physical education according to the current curriculum. 

Results: The results of the research at the descriptive level showed noticeable differences between the same 
groups in the final versus the initial measurements. Based on the results of the t-test for the control and 
experimental group, it can be concluded that there have been statistically significant changes in values 
on all variables of basic motor in the final compared to the initial measurement. By analyzing the results 
of the t-tests, it can be seen that the groups differ in the initial measurement only in one basic motor 
variable, MTAPN, and this difference is statistically significant in favor of the control group. In the final 
measurement, there are no significant differences between the control and the experimental group in 
the average values of all variables of basic motoring. 

Conclusions: Improving basic motor skills depends on the teacher’s ability, the ability to transform the age with which 
he is working, and the success of certain training processes. The modified program of the experimental 
group has led to changes and thus proves the significant effect of the group’s work program.

Keywords: physical education, modified program, sports games, motor skills, students.  

Introduction1

The need for physical exercise is one of the general 
biological needs of an organism and plays an important 
role in its life. The connection of physical activity with 
the state of human health is indisputable, it is the basic 
factor in determining the level of changes in the organism 
and the condition of its bone, muscle, cardiovascular 
and nervous system. The process of physical exercise 
leads to certain transformations and enhancements in 
functional abilities and individual organic systems [1]. 
Coordination is the ability to control the movements of 
the whole body or parts of the locomotor system, and 
is characterized by the speed and precise execution of 
complex motor assignments [2]. The methodology for 
the development of coordination in the period of 10-11 
years has the following guidelines: increase the level of 
coordination capacities compared to the previous period, 
develop coordination used in the learning of sports skills, 
and encourage children to perform exercises for the 
development of coordination in their free time. 

Coordination exercises require a high concentration. 
They affect the nervous system and quickly tickle it. 
© Nikšić E., Beganović E., Rašidagić F., Mirvić E., Joksimović M., 2019 

doi:10.15561/18189172.2019.0604

For this reason, it is best to train the coordination at 
the beginning of the main part or even at the end of 
the introductory part of the training (class). During the 
exercise, it is necessary to take some breaks for recovery 
between repetitions. Certain processes of exercise 
significantly influence changes in different human traits, 
abilities and knowledge. But there is always the current 
question: “How much, what and how to practice the 
changes, and how to control the variability in quantitative 
and qualitative terms” [3]. Speed is the ability to perform 
one or more movements in a shorter period of time [2]. 
In order to be able to develop a speed that is genetically 
limited in good measure, the following conditions must be 
met: morphological, energy, psychological, coordination 
techniques, power levels, sustainability and flexibility. 

The sensitive stage in the development of speed in 
girls is between 7 and 11 years. The development of speed 
in girls lasts up to 14 years and after that stagnates if girls 
do not deal with systematic physical exercise. A similar 
sensitivity phase is with boys. Only boys have an intensive 
period of 7-9 years, and after 14th they continue to develop 
speeds up to 18 years. In the development of speed, the 
following methodical instructions must be followed: 
to carry out the learned grid structures faster than the 
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average speed; first it is necessary to train at a speed less 
than the maximum, and when the technique is adopted at 
a high level, then the technique can be performed at the 
maximum speed, train according to the principles: from 
easy to heavy, from simple to complex and from known 
to unknown, connect speed exercises with techniques of 
a particular sport, change speed development exercises, 
change the conditions in which the speed is developing, 
increase the number of repetitions, and not the duration 
of repetition, use long pauses. Rest in principle lasts from 
one to three minutes, use long and basic warming and 
take advantage of the sensible phases of the development 
of speed. In children, it is recommended that exercises 
are not performed at the maximum intensity, because 
performing exercises with maximum intensity in children 
causes the emergence of the so-called. speed barriers [4]. 

Power can be defined as the ability to overcome 
resistance and force. There are several types of action 
manifestations of force: explosive force, maximum 
power, elastic strength, repetitive force, static power [2]. 
The sensitive phase of the development of individual 
power types is diverse. Thus, for the explosive strength, 
the sensitive phase is from 12-13 years, from 12-
15. During the year, static power is growing faster in 
boys than in girls. In developing children’s strength, 
particular methodical instructions must be followed. 
Power exercises should have the character of the game, 
because the game is a major driver of activity for 
children. Exercising in groups is much more effective 
and makes satisfaction. The exercises must correspond to 
the biological development of the child, where exercises 
must be individualized. The intensity and extent of the sea 
must be adapted to the children. In addition to the power 
exercises in the preparation part of the clock, a positive 
effect would cause the application of the game content, 
where the accent would be in effect, in the “B” part of 
an hour. The methodological instructions of the training 
aim to alert us that the systematic development of power 
should only begin when the active and passive part of the 
movement system takes the appropriate strength. In the 
development of strength in children and young people, 
it is necessary to influence the development of repetitive 
power by applying dynamic exercises. 

The most suitable methods used to develop the power 
are: low-load out-load methods (up to 30 s), medium-load 
circuits in the form of circular training, up to 10 drills, and 
up to 20 repetitions, high- 10 exercises with 10 reps [4]. 
Flexibility is the ability to perform maximum amplitudes 
of movement in an ankle or a series of joints. The basic 
types of flexibility are dynamic, static passive and statically 
active [2]. At the age of 6-10. The mobility of shoulders 
and hooks is reduced, and dynamic stretching of the same 
joints is necessary at that time. The spine column in the 
period of 8 and 9 years has the greatest flexibility. At the 
age of 6-10 it is necessary to avoid static stretching because 
children of that age are hard to maintain concentration 
and relaxation, which is crucial for these exercises. In 
the period from 10-13. It is important to increase the 
flexibility training, since increased exercise activity 

without increased application of stretching exercises can 
lead to a decrease in the amplitude of the movement. 
In the age of accelerated growth and development, it is 
crucial to apply flexibility training exercises, because 
then there is an accelerated bone growth, and muscles 
and tendons can not be tracked. Basic methodological 
guidelines for the development of childhood flexibility: 
to apply flexibility in a moderate extent, to connect the 
development of flexibility and strength, to work on the 
flexibility of precisely determined joints and to apply 
dynamic flexibility exercises in training children [4]. 
Physical education of two hours a week can hardly fully 
satisfy the need for movement. In some instances, there 
is a lack of motivation for physical exercise in children, 
and they try to avoid active participation in classes in all 
possible ways. In the physical education classes, students 
have four sports games: handball, basketball, football 
and volleyball. Sports games are characterized by varied 
natural movements. All these movements are applied in 
the conditions of cooperation between the teammates. 

The effectiveness of the game depends to a great 
extent on the speed of movement, perception of space 
and players in it, from the adoption of the technique of 
movement, and the level of motor and general abilities. 
The place of sports games in the teaching of physical 
education is not accidental. Participation in sports games 
is characterized by intense muscular, psychological and 
functional activity, which results in a positive impact on 
the biopsychosocial development of the child [5]. Skender, 
[6] in his doctoral dissertation: “Transformation processes 
of motor skills and anthropological characteristics under 
the influence of seven-month treatment in students of 
the third and fourth grade” on a sample of 206, divided 
into two subusers (experimental and control), applied 
standard and experimental treatment for a period of seven 
months. The results showed that three-hour experimental 
treatment performed by professors of physical education 
showed better results than the standard physical education 
program conducted by class teachers. Stanković and 
Hadžikadunić, [7] in their research: “The influence of 
programmed physical education on the changes in motor 
skills in one-year students”, resulted in the result that 
70 hours of physical and health education in one year 
led to changes in all tested motor skills. The variables 
were the capabilities covered by tests from the eurofit 
battery test. Kucuk, [8], on a sample of 110 pupils (boys 
and girls), 11 - 13 years of age, determines statistically 
significant changes in the structural process of motor 
dimensions of initial and final measurement, under the 
influence of the curriculum. A discriminatory analysis 
designed to define quantitative changes occurring at two 
time points indicates that the variables for the estimation 
of equilibrium (flamingo), long jump (explosive power), 
lying seat (repetitive force of the hull) and then the variable 
10x5 statistically significantly changed. Lakota, [9] in 
his master’s thesis on the sample of 82 handball players 
11-14 years of age tried to determine the qualitative and 
quantitative changes in basic situational motor skills 
created under the influence of the three-month program 
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of handball. For this purpose, methods for qualitative-
structural changes were used: LSDF model, CRAMERT 
model, QDIFFI model and Krzanow model, and for 
quantitative GK criteria. A 52-course handball program 
program produced statistically significant changes in the 
treated areas. Skender, et al., [10] in his paper “Effects of 
programmed classes on improving motor skills in pupils 
of younger age groups”, found that the programmed 
three-hour training for seven and seven months caused 
positive effects on the improvement of motor skills that 
were included in the testing. Hadžikadunić, [11], on a 
sample of 146 male students, identified transformation 
processes under the influence of programmed physical 
and health education for 69 hours of instruction in basic 
motor, situational and motor skills and functional abilities 
of students of the eighth grade.

A system of variables of 8 tests for basic motor abilities 
and 9 tests for the assessment of specific motor abilities 
was used, and one test for the evaluation of functional 
abilities. It was found that programmed teaching has 
a positive effect on improving basic motor, situational 
and functional abilities between two measurements. 
Batričević, [12] in his paper: “A discriminatory analysis 
of the motor and functional abilities of sports active and 
inactive students”, on a sample of 64 students, divided 
into two subusers (sports active and inactive students). 
He established the existence of a difference between 
the two subroutines. The results of the study show that 
sports active students are better in tests for estimating 
explosive power, segmental velocity, vital lung capacity, 
and systolic and diastolic blood pressure. Mladenović, 
[13], in his paper “ The structural changes in sports games 
during physical and health education classes” on the 
sample of 152 students, carried out the contents of sports 
games in the teaching of physical education in the course 
of one school year. By applying the treatment, the level 
of structural changes in basic and specific motors was 
attempted.

The results of this program have shown a general, 
systematic, continuous reconstruction of general and 
specific motor abilities, therefore the transformation 
process is responsible, although not in all situations to the 
same extent. The weakest effects are captured in the case 
of football. Nikolić et al., [14] in his paper: “The Impact 
of Experimental Treatment on Some Motor Performance 
of Fourth-Grader Students”, on a sample of 104 students, 
applied treatment to the change in motor skills in tests 
for estimating the segmental velocity of the extremities, 
the explosive force . The Chinese treatment did not cause 
changes in the flexibility and static strength variables, 
which are influenced by the longitudinal dimension of 
the skeleton, that is, the static strength test is too heavy 
for the selected sample. Malacko and Pejić, [15] have 
studied the changes of biomotor pupils aged 11 years 
under the influence of the experimental program of sports 
games in relation to the standard program of physical 
education. The sample was made up of 252 male students, 
who were divided into a control and experimental group. 
A system of 33 variables (12 morphological and 21 for 

the estimation of motor and functional abilities) was 
used. The experimental program was saturated with 
the content of sports games, and the results indicate 
that the morphological system contributes to the equal 
differentiation of the group, whereas in the motor space 
better results were shown by the experimental group of 14 
variables that showed a statistically significant difference 
in 13 variables were better than the experimental group. 

The aim of the research is to determine the effects 
of regular and modified physical education with the 
application of contents from sports games (basketball, 
volleyball and handball) in the duration of one semester 
to changes in basic motor skills in pupils of the fifth grade 
of elementary school.  

Material and Methods
Participants
The study was conducted on a sample of N = 106 pupils 

in V grade, female, aged 10 to 11 years, clinically and 
mentally healthy, and with no pronounced morphological 
and locomotor impairments. The sample of examinees was 
divided into two subgroups, an experimental (53 pupils) 
and a control group (53 students). The experimental group 
conducted classes according to the changed curriculum. 
The program included sports games from handball, 
basketball and volleyball. The control group carried out 
the teaching according to the current curriculum.

Research Design
The variables used in this study consisted of 15 motor 

variables:
• Variables for estimating the frequency of the 

movement (Tapping by hand - MTAP; Tapping the 
leg - MTAPN; Tapping the feet against the wall - 
MTAPNZ).

• Variables for flexibility assessment (Stick turn - 
MFLISK; Reach in the seat - MBFDS; Precoding 
right - MPD).  

• Variables for estimating explosive power (Long 
Distance Jump - MFESDM; High Jump from the Site 
- MFESUM; High Speed Sprint 20m - MFE2OV).

• Variables for estimating repetitive power (Leak 
test-test - MRCLDM; Test squad for 40 seconds - 
MFRDC; Sketches - MFRSKL).

• Variables for assessing coordination (Steps aside 
- MAGKUS; Magnetic Test - MAGTUP; Polygon 
Background - MRGEPOL).

Work program
During the first semester, three teaching units were 

processed as part of regular classes: athletics, basketball 
and volleyball. A total of 35 teaching hours of regular 
physical education were held, of which 12 hours of 
athletics, 12 hours of basketball, 11 hours of volleyball. 
The program of additional classes through the basketball, 
volleyball and handball sports games consisted of 
a modified curriculum from basketball: adding and 
catching balls from basketball, running a ball with a stop, 
a basketball technique, a low-lead technique, a kick-off 
practice with zipper positions, zigzag guiding, one - 
handed addition, moving the ball with arms in motion, 
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running the ball with stop in the position of the shot, ball 
manipulation, pivoting technique with the ball, straight 
line guidance from high to low, and vice versa. From 
the volleyball sports, some teaching units were used, 
for example: adding a hammer, fingering over the net, 
school service, mini volleyball, hammering over the head, 
refusing the ball from the wall, adding alternating fingers 
- a hammer, school service with six and nine meters, 
jumping from dockyards on the net, shooting a basket 
with a hammer. From the handball, the teaching units 
worked as follows: foreclosure, lateral addition, jumping, 
kicking on the goal, slalom, handball, straight tracking, 
mini handball, goal kicking - seven, manipulation with a 
handball, Shade Adding, Adding To The Triples Game 1: 
1 Shot on goal. Only girls were involved in this program 
and for this reason football was not taken as a sport game.

Statistical Analysis
A descriptive statistical procedure was applied in 

the data processing process. The following descriptive 
parameters are calculated: Minimum, Maximum, Mean, 
Standard Deviation, while to calculate the distribution: 
Skewness and Kurtosis. The T-test determined differences 
in variables for assessing the motor abilities of the initial 

and final measurement of the control and experimental 
group. Statistical data processing in this study was done 
using computer software SPSS statistics 20.0 in Windows 
10.

Results
Table 1 gives an overview of the average values of 

the control and experimental group on the basic motor 
variables in the initial and final measurements. There 
are noticeable differences between groups in different 
measurement situations on all these variables. There are 
also differences between the average values of the same 
group in the final compared to the initial measurements. 
Of course, these differences are present at the descriptive 
level and can only reflect random variations. According to 
the values of the flattening and curvature index in Table 1, 
it can be concluded that most of the basic motor variables 
in initial and final measurements are normally and 
symmetrically distributed and can be further analyzed.  

However, according to the values of the Skewness 
and the Kurtosis, some variables are noticeable and 
deviations. Thus, with acceptable values of Skewness, 
and values of Kurtosis greater than 1, symmetrical but 

Table 1. Display of average values and deviation measures on basic motor variables - Control and experimental group 
initially and final

Variables Group
Min. Max. Mean Std.Dev. Skewness Kurtosis
IT FT IT FT IT FT IT FT IT FT IT FT

MTAP
Control 21.00 24.00 34.00 36.00 27.30 29.85 2.74 2.82 0.32 0.34 -0.04 -0.51
Experimental 20.00 21.00 37.00 37.00 28.09 30.21 4.01 3.50 0.14 -0.21 -0.27 0.17

MTAPN
Control 15.00 20.00 30.00 36.00 24.57 26.70 2.79 2.84 -0.78 0.49 1.71 1.49
Experimental 15.00 16.00 29.00 33.00 22.66 26.68 2.71 3.22 -0.28 -0.38 0.57 1.00

MTAPNZ
Control 12.00 16.00 22.00 26.00 18.74 21.26 2.25 2.53 -0.88 -0.35 0.96 -0.28
Experimental 13.00 14.00 30.00 32.00 19.36 21.53 3.26 3.10 0.57 0.83 1.22 2.31

MFLISK
Control 29.00 29.00 106.00 101.00 71.89 62.96 15.91 14.92 0.08 0.42 0.23 0.33
Experimental 27.00 15.00 109.00 98.00 74.57 63.40 18.63 17.72 -0.27 -0.32 -0.37 -0.06

MBFDS
Control 3.00 6.00 50.00 52.00 21.30 23.28 7.83 7.75 0.63 0.66 2.84 2.87
Experimental 2.00 6.00 32.00 33.00 19.38 21.30 7.06 6.64 -0.51 -0.64 -0.44 -0.32

MPD
Control 14.00 22.00 67.00 73.00 42.17 46.98 11.35 10.61 -0.14 0.08 0.02 0.22
Experimental 19.00 24.00 60.00 64.00 42.36 45.96 9.91 10.06 -0.36 -0.29 -0.19 -0.52

MFESDM
Control 100.00 105.00 195.00 210.00 147.17 157.26 24.91 24.49 -0.01 -0.13 -0.98 -0.37
Experimental 90.00 110.00 195.00 195.00 148.68 159.15 25.06 22.91 -0.23 -0.37 -0.56 -0.59

MFESUM
Control 15.00 17.00 39.00 44.00 26.72 29.53 5.22 5.44 -0.03 0.34 0.15 0.60
Experimental 14.00 18.00 42.00 43.00 26.49 29.72 5.57 5.38 0.48 0.48 1.45 0.79

MFE20V
Control 3.57 3.53 5.38 5.09 4.31 4.10 0.41 0.36 0.36 0.53 -0.54 -0.28
Experimental 3.62 3.44 5.88 5.38 4.41 4.08 0.55 0.47 0.92 0.94 0.15 0.32

MRCLDM
Control 10.00 15.00 27.00 31.00 20.60 23.45 4.03 4.01 -0.36 0.01 -0.27 -0.67
Experimental 10.00 15.00 32.00 33.00 21.42 24.49 4.77 4.25 0.00 0.20 0.34 -0.51

MFRDC
Control 20.00 23.00 45.00 47.00 31.25 35.43 5.57 5.42 0.05 -0.53 -0.36 -0.04
Experimental 10.00 21.00 46.00 49.00 29.72 35.04 7.60 6.59 -0.48 -0.29 0.30 -0.51

MFRSKL
Control 1.00 1.00 36.00 41.00 8.21 12.00 8.78 10.48 1.39 0.99 1.30 0.20
Experimental 1.00 1.00 40.00 53.00 11.04 15.81 9.86 11.99 1.04 0.88 0.74 0.89

MAGKUS
Control 10.50 9.68 14.87 14.56 12.87 12.01 1.17 1.18 -0.15 0.12 -0.91 -0.79
Experimental 9.28 9.15 16.19 15.00 13.04 11.97 1.61 1.38 -0.32 0.00 -0.63 -0.56

MAGTUP
Control 27.06 25.56 39.24 36.34 31.18 29.44 2.73 2.50 0.70 1.02 0.28 0.71
Experimental 25.07 24.03 45.06 39.06 32.17 29.93 4.02 3.30 0.62 0.53 0.65 -0.03

MRGEPOL
Control 12.69 9.63 40.69 35.38 22.82 17.78 6.52 5.22 0.98 1.24 0.85 1.97
Experimental 12.75 10.97 46.93 35.06 22.08 18.47 6.57 5.44 1.31 1.12 3.21 1.30

Legend: IT-initial testing, FT-final testing.
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somewhat elongated (leptocutaneous) distribution of the 
results of the control group on the MTAPN variable was 
observed, both in the initial and final measurements and in 
the experimental group on the MFESUM variable in the 
initial measurement. In the final measurement, MFESUM 
was normally distributed. 

In the initial measurement, it was found that the 
Skewness and Kurtosis of the control group were greater 
than 1 when the MFRSKL variable was concerned, 
indicating leptocutaneous and mildly positive asymmetric 
distribution while the experimental group Kurtosis is 
acceptable and the MFRSKL Skewness indicates mild 
positive asymmetry. When the distribution of results on 
the variable MRGEPOL is positive, the control group 
is positively asymmetric and elongated (Skewness and 
Kurtosis greater than 1) in the final measurement, and 
in the experimental group in the initial measurement. 
However, it is noteworthy that these deviations of the 
normalities are mild since the Kurtosis and the Skewness 

do not deviate drastically from the reference interval 
but are slightly above the boundary. For this reason, no 
transformations have been made because the greater 
benefit of retaining the original values of these variables 
and their entering into further analysis is estimated.

From the above table of t-tests, it can be seen that 
groups differ in the initial measurement only in one basic 
motor variable, MTAPN. On average (the table with 
average values, column M), the control group subjects have 
higher values on this variable (Mcontrol = 24.57 a Mexperimental 
= 22.66). This difference in MTAPN is statistically 
significant in favor of the control group. In other variants 
of basic motor, there are no statistically significant 
differences between the control and experimental groups 
in the initial measurement.

As seen from the above table of t-tests, none of 
the t-tests is statistically significant at any level of 
significance. Thus, it can be concluded that in the final 
measurement there are no significant differences between 

Table 2. T-test value basic motor for independent samples control and experimental group initial measurement

Variables

Levene’s Test 
for Equality of 
Variances

t-test for Equality of Means

F Sig. t df
Sig. 
(2-tailed)

Mean 
Difference

Std. Error 
Difference

95% Confidence Interval of 
the Difference
Lower Upper

MTAP
7.47 0.01 -1.19 104.00 0.24 -0.79 0.67 -2.12 0.53

-1.19 91.91 0.24 -0.79 0.67 -2.12 0.53

MTAPN
0.05 0.83 3.57 104.00 0.00 1.91 0.53 0.85 2.97

3.57 103.91 0.00 1.91 0.53 0.85 2.97

MTPNZ
4.77 0.03 -1.15 104.00 0.25 -0.62 0.54 -1.70 0.46

-1.15 92.31 0.26 -0.62 0.54 -1.70 0.46

MFLISK
1.75 0.19 -0.80 104.00 0.43 -2.68 3.36 -9.35 3.99

-0.80 101.52 0.43 -2.68 3.36 -9.35 4.00

MBFDS
0.12 0.73 1.33 104.00 0.19 1.92 1.45 -0.95 4.80

1.33 102.89 0.19 1.92 1.45 -0.95 4.80

MPD
0.48 0.49 -0.09 104.00 0.93 -0.19 2.07 -4.29 3.92

-0.09 102.15 0.93 -0.19 2.07 -4.29 3.92

MFESDM
0.11 0.74 -0.31 104.00 0.76 -1.51 4.85 -11.13 8.12

-0.31 104.00 0.76 -1.51 4.85 -11.13 8.12

MFESUM
0.00 0.98 0.22 104.00 0.83 0.23 1.05 -1.85 2.31

0.22 103.56 0.83 0.23 1.05 -1.85 2.31

MFE20V
3.13 0.08 -1.07 104.00 0.29 -0.10 0.09 -0.29 0.09

-1.07 95.61 0.29 -0.10 0.09 -0.29 0.09

MRCLDM
0.21 0.65 -0.95 104.00 0.35 -0.81 0.86 -2.51 0.89

-0.95 101.18 0.35 -0.81 0.86 -2.51 0.89

MFRDC
2.85 0.09 1.18 104.00 0.24 1.53 1.29 -1.04 4.10

1.18 95.34 0.24 1.53 1.29 -1.04 4.10

MFRSKL
0.66 0.42 -1.56 104.00 0.12 -2.83 1.81 -6.43 0.77

-1.56 102.62 0.12 -2.83 1.81 -6.43 0.77

MAGKUS
5.83 0.02 -0.62 104.00 0.53 -0.17 0.27 -0.71 0.37

-0.62 95.06 0.53 -0.17 0.27 -0.71 0.37

MAGTUP
7.20 0.01 -1.48 104.00 0.14 -0.99 0.67 -2.31 0.34

-1.48 91.48 0.14 -0.99 0.67 -2.31 0.34
MRGEPOL 0.01 0.92 0.58 104.00 0.57 0.73 1.27 -1.79 3.26

0.58 103.99 0.57 0.73 1.27 -1.79 3.26
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the control and the experimental group in the average 
values of all variants of basic motoring. It is notable that 
there are no differences between groups and variables for 
which there were no statistically significant differences in 
the initial measurement as well as for the variables for 
which significant differences in the initial measurement 
were shown. As previous analyzes have shown, in the 
initial measurement it has been proven that the control 
group has statistically significantly higher values on the 
MTAPN variables (Mcontrol = 24.57 and the Mexperimental = 
22.66). However, the significance of the difference is lost 
in the final measurement, and it can be concluded that 
the effect of the experimental group program has led to 
changes that have resulted in a significant difference in 
the benefit of the control group.

In the next part of the paper t-tests for dependent 
samples for the control group were made in order to see 
if there were changes in the average values of the basic 

motor after the work program, ie, in the final measurement 
and whether these changes are statistically significant.

 
      As can be seen from the table above, all t-tests are 

statistically significant at a level far below 1%. So, when 
it comes to the control group, there were statistically 
significant changes in the values on all variables of basic 
motor in the final versus the initial measurement.

As seen from the table above, all t-tests are statistically 
significant at levels that are far less than 1%. Thus, in 
the experimental group there were significant changes 
in values   on all variables of basic motor in the final 
measurement and in relation to the initial measurement. 
Although similar changes occurred among the control 
group subjects, this finding is in favor of the experimental 
group, as it demonstrates the significant effect of the 
program’s work program. Thus, after the program of work 
in the experimental group there was significant increase 
of values   on the variables MTAP, MTAPN, MTPNZ, 

Table 3. T-test value basic motor for independent samples control and experimental group final measurement

Variables

Levene’s Test for 
Equality of Variances t-test for Equality of Means

F Sig. t df
Sig. 
(2-tailed)

Mean 
Difference

Std. Error 
Difference

95% Confidence 
Interval of the 
Difference
Lower Upper

MTAP
1.22 0.27 -0.58 104.00 0.56 -0.36 0.62 -1.58 0.87

-0.58 99.57 0.56 -0.36 0.62 -1.58 0.87

MTAPN
1.27 0.26 0.03 104.00 0.97 0.02 0.59 -1.15 1.19

0.03 102.39 0.97 0.02 0.59 -1.15 1.19

MTPNZ
0.52 0.47 -0.48 104.00 0.63 -0.26 0.55 -1.35 0.83

-0.48 99.90 0.63 -0.26 0.55 -1.36 0.83

MFLISK
1.68 0.20 -0.14 104.00 0.89 -0.43 3.18 -6.74 5.88

-0.14 101.06 0.89 -0.43 3.18 -6.75 5.88

MBFDS
0.01 0.92 1.41 104.00 0.16 1.98 1.40 -0.80 4.76

1.41 101.61 0.16 1.98 1.40 -0.80 4.76

MPD
0.00 0.96 0.51 104.00 0.61 1.02 2.01 -2.96 5.00

0.51 103.71 0.61 1.02 2.01 -2.96 5.00

MFESDM
0.14 0.71 -0.41 104.00 0.68 -1.89 4.61 -11.02 7.25

-0.41 103.54 0.68 -1.89 4.61 -11.02 7.25

MFESUM
0.20 0.66 -0.18 104.00 0.86 -0.19 1.05 -2.27 1.90

-0.18 103.99 0.86 -0.19 1.05 -2.27 1.90

MFE20V
2.54 0.11 0.22 104.00 0.83 0.02 0.08 -0.14 0.18

0.22 97.11 0.83 0.02 0.08 -0.14 0.18

MRCLDM
0.22 0.64 -1.29 104.00 0.20 -1.04 0.80 -2.63 0.56

-1.29 103.64 0.20 -1.04 0.80 -2.63 0.56

MFRDC
3.02 0.09 0.34 104.00 0.74 0.40 1.17 -1.93 2.72

0.34 100.26 0.74 0.40 1.17 -1.93 2.72

MFRSKL
0.30 0.59 -1.74 104.00 0.08 -3.81 2.19 -8.15 0.53

-1.74 102.17 0.08 -3.81 2.19 -8.15 0.53

MAGKUS
0.86 0.35 0.16 104.00 0.87 0.04 0.25 -0.45 0.53

0.16 101.61 0.87 0.04 0.25 -0.45 0.53

MAGTUP
5.24 0.02 -0.87 104.00 0.39 -0.49 0.57 -1.62 0.64

-0.87 96.83 0.39 -0.49 0.57 -1.62 0.64
MRGEPOL 0.01 0.92 -0.67 104.00 0.51 -0.69 1.04 -2.75 1.36

-0.67 103.82 0.51 -0.69 1.04 -2.75 1.36
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MBFDS, MPD, MFESDM, MFESUM, MRCLDM, 
MFRDC and MFRSKL. On the long run, there has been 
a significant decrease in the values   of variables MFLISK, 
MFE20V, MAGKUS, MAGTUP and MRGEPOL. As you 
can see the pattern of changes in values   on the basic motor 
variables is the same as in the control group. However, 
significant changes indicate a significant effect of the 
work program on the values   of all measured basic motor 
components in the experimental group.

Discussion
In the conducted research, anthropometric measures 

and motor abilities were assessed on a sample of 47 
third-grade students who are engaged in additional 

physical activity or training in basketball in the section 
of the school sports society and who participate only in 
the regular teaching of physical and health culture. The 
results showed that students exercising additional physical 
exercise have significantly better results in motor skills, as 
well as a noticeable increase in muscle mass. The results 
of the t-test in the area of motor abilities show significant 
differences that occur in variables for estimating explosive 
(MSD), repetitive (MPT), and static power (MIV) for the 
benefit of students who exercise physically. Similarly, 
statistically significant differences were found in the 
flexibility assessment (MPR) and the simple movement 
rate (MTR) variable. A statistically significant difference 
was not found in the Coordinating Assessment Variable 

Table 4. T-test values basic motor control group 

Variables t df Sig. (2-tailed) Mean Difference
95% Confidence Interval of the 
Difference
Lower Upper

MTAP 96.40 105.00 0.00 28.58 27.99 29.16
MTAPN 87.98 105.00 0.00 25.63 25.05 26.21
MTAPNZ 76.34 105.00 0.00 20.00 19.48 20.52
MFLISK 43.41 105.00 0.00 67.42 64.34 70.50
MBFDS 29.35 105.00 0.00 22.29 20.79 23.80
MPD 40.99 105.00 0.00 44.58 42.42 46.73
MFESDM 62.44 105.00 0.00 152.22 147.38 157.05
MFESUM 52.73 105.00 0.00 28.12 27.07 29.18
MFE20V 109.28 105.00 0.00 4.20 4.13 4.28
MRCLDM 53.36 105.00 0.00 22.03 21.21 22.85
MFRDC 58.57 105.00 0.00 33.34 32.21 34.47
MFRSKL 10.61 105.00 0.00 10.10 8.22 11.99
MAGKUS 102.73 105.00 0.00 12.44 12.20 12.68
MAGTUP 113.71 105.00 0.00 30.31 29.78 30.84
MRGEPOL 32.64 105.00 0.00 20.30 19.06 21.53

Table 5. T-test values basic motor experimental group

Variables t df Sig. (2-tailed) Mean Difference
95% Confidence Interval of the 
Difference
Lower Upper

MTAP 77.09 105.00 0.00 29.15 28.40 29.90
MTAPN 70.85 105.00 0.00 24.67 23.98 25.36
MTAPNZ 62.83 105.00 0.00 20.44 19.80 21.09
MFLISK 37.49 105.00 0.00 68.98 65.33 72.63
MBFDS 30.40 105.00 0.00 20.34 19.01 21.67
MPD 45.00 105.00 0.00 44.16 42.21 46.11
MFESDM 64.77 105.00 0.00 153.92 149.20 158.63
MFESUM 50.88 105.00 0.00 28.10 27.01 29.20
MFE20V 81.40 105.00 0.00 4.25 4.14 4.35
MRCLDM 49.69 105.00 0.00 22.95 22.04 23.87
MFRDC 44.04 105.00 0.00 32.38 30.92 33.83
MFRSKL 12.36 105.00 0.00 13.42 11.27 15.58
MAGKUS 81.27 105.00 0.00 12.51 12.20 12.81
MAGTUP 83.50 105.00 0.00 31.05 30.31 31.79
MRGEPOL 33.27 105.00 0.00 20.28 19.07 21.48
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(MPN), although there is a numerical difference in the 
results of the polygon backlash test for the benefit of 
additional physical activity students [16].

The results of the research Badrić et al., [17] show 
that after the training process lasting 8 weeks, statistically 
significant changes in the motor skills of the girls who 
were engaged in additional extracurricular activities in the 
school sports society were created. Similar results were 
obtained in their research [18, 19, 20, 21]. Girls progressed 
most in tests to assess explosive power and flexibility, but 
also significantly reduced agility performance. The results 
of this study show that significant differences appear in 
these abilities, while the differences in the coordination 
area are minimal. Additional physical activity within the 
work of a school sports society significantly influences 
the increase in the level of motor skills. Some previous 
research has found that transformational changes in motor 
skills are emerging in older girls who attend primary 
school. This research has shown obvious differences with 
nine-year-old girls. The results of the research Nićin, [22] 
and Petković, [23] show that additional physical activity 
increases the positive effects of both physical development 
and basic-motor abilities. From the obtained results, it 
is concluded that for more substantial transformations 
in the motor space, additional content is needed outside 
the teaching, assuming that the transformation of basic 
motor skills is greater when the higher level of motor 
knowledge is higher. The results show that additional 
involvement in kinesiological activity, and in this case it is 
basketball, with the regular teaching that forms the basis 
of all organizational forms of work in this area, ensures 
significant transformational effects. This affirms the value 
of sports in its best form, which is preparation.

Kinesiological contents are also shown here as a 
powerful generator of human adaptability as a self-
improvement system. In this case, this is a school sport, 
which, considering the trends in the reduction of the 
standard of citizens, must be counted. School sport is the 
only choice for a large part of the population, and society 
should take responsibility for making exercise available 
to every child regardless of the material status of parents 
[17]. In his research: “A discriminatory analysis of the 
motor and functional abilities of sports-active and inactive 
students”, on a sample of 64 students, divided into two 
sub-assemblies (sportively active and inactive students), 
the author established the existence of a difference 
between two sub-classes. The results of the study show 
that sports active students are better in tests for estimating 
explosive power, segmental velocity, vital lung capacity, 
and systolic and diastolic blood pressure [12]. In his 
doctoral dissertation: “Transformational processes of 
motor skills and anthropological characteristics under the 
influence of a seven-month treatment for third-and fourth-
graders” on a sample of 206, divided into two subunits 
(experimental and control), a standard and experimental 
treatment of seven months. The results showed that three-
hour experimental treatment performed by professors of 
physical education showed better results than the standard 
physical education program conducted by class teachers 

[6]. In his research: “The influence of programmed 
physical education on changes in motor skills in one-year 
students”, the results of 70 hours of physical and health 
education in one year led to changes in all tested motor 
skills. Variables were the capabilities included in the tests 
of the Eurofit battery test [7]. 

On a sample of 110 pupils (boys and girls) 11 - 13 
years, statistically significant changes were found in the 
structural process of motor dimensions of initial and final 
measurement, under the influence of the curriculum. 
A discriminatory analysis was done with the aim of 
defining quantitative changes that took place at two time 
points. Indicates that variables for balance estimation 
(flamingo), long jump (explosive power), tracking force 
(repetitive power of the hull), then the variable 10x5 
have significantly changed significantly. The author also 
concludes that both boys and girls have the capacity to 
balance at both ages [8]. In his research: “The Effects of 
Programed Teaching on Improving Motor Skills in the 
Young Scholar Students” found that the programmed 
three-hour instruction for a week and seven months caused 
positive effects on improving motor skills, which were 
included in the testing [10]. In his paper: “The Impact 
of Experimental Treatment on Some Motor Abilities of 
Fourth-Grader Students”, on a sample of 104 students, 
using the treatment resulted in a change in motor skills in 
tests for estimating the segmental velocity of the limbs, 
explosive forces. The Chinese treatment did not cause 
changes in the flexibility and static strength variables, 
which are influenced by the longitudinal dimensionality 
of the skeleton, that is, the static strength test is too heavy 
for the selected sample [14]. In the study of the change 
of biomotor pupils aged 11 years under the influence of 
the experimental program of sports games in relation 
to the standard physical education program, the sample 
was composed of 252 male students, which were divided 
into a control group and experimental group. A system 
of 33 variables (12 morphological and 21 for estimation 
of motor and functional abilities) was used. The 
experimental program was saturated with the contents of 
sports games. The results indicate that the morphological 
system contributes to the equal differentiation of the 
group, while the experimental group showed better 
results in the motor space, of which 14 variables showed 
a statistically significant difference in 13 variables. The 
experimental group was better [15]. In a study conducted 
on 153 subjects, 48 respondents participated in regular 
physical education with 2 hours of instruction. This was 
the first experimental group - E1. 56 subjects participated 
in regular physical education with 2 classes, plus the 
third extra hour per week. This was second experimental 
group - E2, with which professors of physical and health 
culture worked. The rest of 49 respondents participated 
in regular physical education classes with class teachers, 
with 2 lessons per week (control group - K). There were 
statistically significant changes in motor abilities in the 
final relative to the initial measurement in experimental 
groups relative to the control. On the basis of the obtained 
results it can be assumed that the proper methodological 
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formulation of teaching work (physical exercise, load, 
methods for the development of certain abilities forms 
and forms of work, etc.) has had positive effects on motor 
skills when it comes to girls of third grade primary school 
[24].

This research was conducted with the aim of 
determining the effects of regular and modified physical 
education with the application of content from sports 
games (basketball, volleyball and handball) in the 
duration of one semester to changes in basic motor 
skills in primary school students in the fifth grade. The 
sample of respondents included 106 pupils in the V class, 
aged 10 to 11 years, clinically and mentally healthy, 
and with no pronounced morphological and locomotor 
impairments. The sample of respondents was divided into 
two subgroups, an experimental group (53 pupils), who 
carried out physical education classes according to the 
modified plan and program of sports games (basketball, 
volleyball and handball) for a semester and a control 
group (53 pupils) who attended regular classes from 
physical education according to the current curriculum. 
The variables used in this study consisted of 15 motor 
variables and variables for estimating the frequency of 
the movement (Tapping Hand - MTAP; Tapping Leg - 
MTAPN; Tapping Legs on the Wall - MTAPNZ); variables 
for assessing flexibility (stick turn - MFLISK; MFESDM; 
MFESUM; High Jump 20m - MFE2OV), variables for the 
estimation of the repetitive power (Test (MBFDS; laying-
seat - MRCLDM; 40 seconds squash test - MFRDC; Push-
ups - MFRSKL) and variables for assessing coordination 
(Steps aside - MAGKUS; Magnetic Test - MAGTUP; 
Polygon backwards - MRGEPOL). Descriptive statistics 
and T-test were used to determine changes in basic motor 
skills. The results of the research at the descriptive level 
showed noticeable differences between the same groups 
in the final versus the initial measurements. Based on the 
results of the t-test for the control and experimental group, 
it can be concluded that there have been statistically 
significant changes in values on all variants of basic 
motor in the final compared to the initial measurement. 

Thus, after the program of work in the experimental group 
there was significant increase of values on the variables 
MTAP, MTAPN, MTPNZ, MBFDS, MPD, MFESDM, 
MFESUM, MRCLDM, MFRDC and MFRSKL. On the 
long run, there has been a significant decrease in the values 
of variables MFLISK, MFE20V, MAGKUS, MAGTUP 
and MRGEPOL. Changes in the values of the basic motor 
variables are the same as for the control group. However, 
significant changes indicate a significant effect of the 
work program on the values of all measured basic engine 
components in the experimental group. By analyzing the 
results of the t-tests, it can be seen that the groups differ in 
the initial measurement only in one basic motor variant, 
MTAPN, and this difference is statistically significant in 
favor of the control group. In the final measurement, there 
are no significant differences between the control and the 
experimental group in the average values of all variants of 
basic motoring. 

Conclusion
The results of this study have shown that the 

application of any physical education program can lead 
to changes in basic motor abilities in the final versus the 
initial measurement, regardless of the time period, if the 
lesson is performed. In order for the differences between 
the control and the experimental group to be greater and 
statistically significant, it is necessary to increase the 
weekly number of hours of physical education compared 
to the existing one or to include pupils in additional 
physical activity. The lifestyle of today’s students is mainly 
reduced to sitting in school and at home with a computer, 
tablet or phone, IT workshops, music schools and foreign 
language schools. Therefore, students continue to sit in a 
sitting position with minimal movement after classes. This 
way of life, such poor and fast food, leads to the students’ 
abilities becoming more and more lagging behind their 
physical development.
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Abstract
Purpose: This research aimed to examine the effects of supramaximal eccentric contractions on the damage of 

muscle and recovery between the dominant and non-dominant arm. The study was participated by ten 
male volunteer students who do not have any musculoskeletal and metabolic compliant. This research 
designed as a cross-over type research.

Material: Venous blood samples were drawn before the bout, immediately after the bout one min., moreover, 
at the 6th, 24th, 48th, and 72nd hours after training. Data were analyzed using the SPSS 21.0 statistical 
software package. After exercise, the non-parametric Wilcoxon Signed Ranks Test was used to decide the 
dominant and non-dominant arm influence. Statistical significance for all analyses was accepted at p< 
0,05.

Results: There was a significant statistical difference in the right, and left arm Creatine Kinase (CK) values at the 
time when exercise start, 48th and 72nd hours (p<0,05). There was no statistically significant difference in 
right and left arm Lactate Dehydrogenase values after exercise (p>0,05).

Conclusions: There was an increase in muscle damage at 24th and 48th hours after supramaximal eccentric exercise, and 
it was turned back the start level at 72nd hours. While the arm which is non-dominant recovery is faster 
than the dominant arm.

Keywords: eccentric contraction, recovery, muscle damage, creatine kinase, lactate dehydrogenase.

Introduction1

According to Hollmann [1], muscle strength that is 
confronted with resistance may contract or withstand 
a specific endurance and according to Nett [2], the 
ability of a muscle to resist a resistance by tension and 
relaxation.  There are many different methods in order to 
improve muscle strength. That feature is improved with 
changing both training methods and contraction types 
[3].  Soft tissue injuries due to sprains and bumps are 
common. Those injuries can be treated with rehabilitation 
implications. In addition to the soft tissue injuries, cellular 
damage also occurs during the exercise. This situation 
mainly described as microtrauma or microinjury or 
muscle damage [4, 5]. Intensity and form of the exercise 
cause different levels of muscle damage [6].

Skeletal muscle damage occurs after a high-intensity 
or unusual type of exercise, and this type of muscle 
damage is a widespread physiological condition and 
can occur even in the activities needed in our daily life. 
Three types of muscle damage symptoms are known 
in long-term exercises, ongoing or intermittent forced 
contractions. The most common of these is known as 
delayed-onset muscle soreness (DOMS), and as a result, 
people complain of weakness, fatigue and tenderness in 
the muscle that starts 12-48 hours after exercise [7, 8].

Increased blood levels of some muscle enzymes 
involved in circulation as a result of deterioration of 
muscle membrane are biochemical symptoms indicating 

© Yapıcı A., Yalçın H.B., 2019 
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muscle damage and degree. The intracellular localization 
of enzymes is essential in determining the degree of 
cell damage. The enzyme that only shows activity in a 
particular tissue or has much higher activity in a particular 
tissue is called the dominant enzyme. Increased serum 
activity of such an enzyme indicates damaged tissue. 
Determination of the total amount of damage caused in 
the muscle is challenging since the exercise response 
is at different levels in different muscle and muscle 
fibers, the different muscles contain enzyme and protein 
markers at different concentrations, and the damage is not 
homogeneously distributed in the muscle [9, 10].

Increased levels of some enzymes cause severe 
muscle tissue damage in large muscle tears. Skeletal 
muscle damage causes muscle-specific components to 
leak from the membrane into the bloodstream. Structures 
used in studies to detect skeletal and cardiac muscle 
damage; usually examine creatine kinase (CK) and its 
lower isoforms, myoglobin, aspartate aminotransferase 
(AST), lactate dehydrogenase (LDH), brain natriuretic 
peptide (BNP), atrial natriuretic peptide (ANP), carbonic 
anhydrase, troponin, and muscle-building proteins [11, 
12]. The most important and most used of these structures 
is CK [13, 14].

CK is an enzyme found in high density in the heart, 
skeletal muscle, and brain tissue. CK in the brain content 
rarely crosses the blood-brain barrier and circulates. 
There are three isoenzymes called MM, MB, BB. MM 
(CK3) found in skeletal and heart muscle, BB (CK1) in 
the brain, MB (CK2) in the heart muscle. The source 
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of CK levels measured in circulation is predominantly 
skeletal or cardiac muscle. Skeletal or cardiac muscle 
trauma or necrosis increases the circulatory level of this 
enzyme [15]. Therefore, at high CK levels, skeletal, or 
cardiac muscle damage should be sought first [16, 17]. 
According to Kaplan and Pesce [17], average CK values 
are between 95-140 U / L. CK’s upper reference values 
are twice as high in athletes as in non-athletes. Schumann 
and Klauke [18], set these limits at 391-398 U / L for men; 
In women, between 240-207 U / L.

LDH is an enzyme that is found in many tissues 
and passes into serum if these tissues are damaged. The 
determination of isoenzymes can demonstrate the tissue 
from which LDH originates. When operated at 37 ° C, 
normal values are 210-420 U / L [19, 20].  

LDH shock and circulatory failure, hypoxia, heart 
failure, excessive hyperthermia, acute myocardial 
infarction, cholestasis, primary tumors of the liver, 
megaloblastic and pernicious anemia, hemolytic anemia, 
lung diseases, increases in cases of muscle diseases. 
Increases in skeletal muscle trauma, inflammatory or 
degenerative muscle diseases. There are five isoenzymes 
in the circulation, called LDH-1, 2, 3, 4 and 5. Total 
LDH activity increases in many tissue and organ diseases 
due to the widespread tissue distribution of isoenzymes. 
Therefore, an additional examination is required for 
differential diagnosis [20, 21].

Muscle damage caused by eccentric exercise can 
be assessed by direct methods such as muscle biopsy 
or magnetic imaging, or indirectly by markers such 
as decreased muscle strength, edema, pain, increased 
serum levels of muscle enzymes and some markers of 
inflammation. Direct methods are often not preferred due 
to several difficulties in practice, but it is seen that changes 
in muscle strength and serum enzymes are mostly used in 
the assessment of eccentric muscle damage [22, 23].

Clarkson et al. [24], showed that very intensive 
eccentric exercise leads to an adaptation that causes 
less damage when repeated in the same way after a few 
weeks. It is not known precisely when and how this 
adaptation occurred. However, it was found that a person 
who repeated an exercise within five days showed an 
adaptation response. After five days of exercise, people 
experienced mild pain despite improvement and reduced 
loss of strength and range of motion. Thus, although the 
muscle is not fully restored, a specific adaptation has 
occurred [25]. 

In their study, Nosaka et al. [26] made the same high-
intensity exercise twice in the two groups, the first group 
did the exercises every six weeks, and the other group 
performed ten weeks apart. As a result, they found that 
isometric strength loss, arm flexion at full flexion and 
muscle pain were significantly lower in the group who 
exercised at six weeks interval compared to the first 
application in the second application. In the exercise 
group after ten weeks, it was found that there were 
significantly lower answers in the rest arm angle compared 
to the first in the second application. However, there were 
similarities between the first and second applications in 

terms of muscle pain level, arm angle at full flexion, and 
isometric strength loss.

 In terms of CK, there was almost no increase in both 
groups after the second application. When a small sample 
of these subjects performed exercise after six months, CK 
response was still low, and all other measurements were 
close to the values at the first application. Accordingly, 
adaptation, strength recovery, muscle shortening state 
(closed-arm angle) and muscle pain for six weeks, sudden 
muscle contraction (open arm angle) takes about ten 
weeks and six months for CK response [24].

After the eccentric exercise, a certain period is required 
to return the markers of damage to the muscle [27]. Clancy 
and Clarkson [28], suggest that 3-day immobilization after 
damage-induced eccentric exercise improves isometric 
force recovery but has no effect on other muscle functions. 
Lehto et al. [29], muscle regeneration was accelerated by 
5-day immobilization and return to regular movements 
after the damage caused in the muscle.

Materials and Methods
Participants
This research has aimed the examine the effects of 

supramaximal eccentric contractions on the damage of 
muscle and recovery between dominant and non-dominant 
arm. The study consists of 13 male volunteers active in 
sports. It was determined that three subjects exercised 
outside the practice while the study was in progress, and 
they were excluded from the study. The research was 
carried out based on the cross-tab test model. Before 
work begins, an ethical report was taken from Abant Izzet 
Baysal University Clinical Research Ethics Committee.

Table 1. Demographic characteristics of the research 
group.

Variables N Minimum Maximum x̄ S.D.

Age 10 22 26 23,3 1,3

Height 10 170 192 178,9 7,09

Weight 10 60 100 78,2 13,8

According to Table 1, the mean age of the study was 
23.3 ± 1.3 years, the mean height was 178.9 ± 7.09 cm, 
and the mean body weight was 78.2 ± 13.8 kg, who do not 
have any musculoskeletal and metabolic compliant ten 
male volunteer students participated. It was determined 
by asking themselves whether they use any ergogenic 
adjuvant and regular medication for health problems and 
their dominant arms. All subjects indicated that they used 
dominant right arms.

An information meeting was held with the students 
who wanted to participate in the research, and the subjects 
were informed about the study by giving pre-experiment 
information form and test protocol. The subjects were 
asked to read and sign the form indicating that they 
were volunteer, and their body weights were carried 
out in standard clothing (shorts and t-shirts), without 
shoes, electronic scales in the upright position, height 
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measurements were made with height meter and biceps 
circumference measurements for both arms with a tape 
measure. Then the groups were determined by a random 
method.

The exercise protocol was held between 16:00-17:00. 
One week before the study, the maximal weights of the 
subjects were determined by one-rep maximum (1 RM) 
method. In order to eliminate the differences that may 
arise from experience, cross-tab pattern was applied. One 
group performed the exercise with the dominant arm and 
the other group with the non-dominant arm. Then the 
groups changed places.

Exercise Protocol
Before starting the study, venous blood samples of the 

subjects were taken from the antecubital vein in a resting 
and sitting manner by the health personnel.  Five of the 
subjects then performed the eccentric phase of the biceps 
lifting movement with their supramaximal weights with 
the right arm and the other five with their left arms. The 
subjects had a passive role in the concentric phase, and 
the person conducting the study performed that phase. 
The study was continued until the person was unable 
to continue the exercise, and the subject was completed 
by disrupting the rhythm or voluntarily terminating the 
study. The health personnel took venous blood samples at 
the first minute, 6th, 24th, 48th, and 72nd hours following 
the end of the study. Six days after the blood was drawn at 
72 h, subjects performed the study with their other arms, 
and the blood collection procedure was re-administered as 
in the first stage.

Statistical Analysis
The data obtained from the study were analyzed in 

SPSS 21.0 package program. The Wilcoxon Signed Ranks 
Test was used to determine the interaction of Creatine 
Kinase (CK) and Lactate Dehydrogenase (LDH) in the 

dominant and non-dominant arms at the first minute, 6, 
24, 48 and 72 hours after exercise. Bonferroni correction 
was used to show a statistical difference. The results were 
evaluated at p <0.05 significance level.

Results 
According to Table 2, the mean training age of the 

group was 9.6 ± 2 years, the average training frequency 
was 3.6 ± 0.6 days, the average total training time was 6.7 
± 2.1 hours, the D arm maximal force average 20.5 ± 4.6 
kg, the ND arm maximal strength 20.2 ± 4.7 kg detected 
it was.

In Table 3, D and ND arm CK enzyme values   of the first 
minute, 6, 24, 48 and 72nd hours following the exercise 
were analyzed comparatively and the first minute, 6, 24 
and 72nd hours were statistically analyzed. There was no 
significant difference (p> 0.05). A statistically significant 
difference was found in the 48th-hour values   after exercise 
(Z: -2.191; p <0.05).

According to Table 4, There was no significant 
difference the pre-exercise (resting) value was compared 
with the D arm CK enzyme activities at the first minute, 
6 and 72nd hours (p> 0.05). A statistically significant 
difference was found in the 24 and 48th hours values (p 
<0.05).

According to Table 5, pre-exercise (resting) values 
were analyzed by comparing the CK enzyme activities of 
the ND arm at the first minute, 6, 24, 48, and 72nd hours 
after the exercise. There was no statistically significant 
difference at the first minute, 48 and 72nd hours values 
(p> 0.05). A statistically significant difference was found 
in the 6 and 24th hours values (p <0.05).

Table 6, 6, 24, 48 and 72nd hours after exercise 
D and ND arm LDH enzyme values were analyzed; 
comparatively, LDH enzyme recovery phase comparison 

Table 2. Physiological characteristics of the research group (D:Dominant-ND: Non-Dominant) 

Variables N Minimum Maximum x̄ S.D.
Training age 10 6 12 9,6 2,0
Training frequency 10 3 5 3,6 0,6
Total training time 10 3 10 6,7 2,1
D max. force 10 12,5 30 20,5 4,6
ND max. force 10 12,5 30 20,2 4,7

Table 3. Compared to the D and ND CK enzyme statistical analysis values

Variables CkND 0. m – 
CkD 0. m

CkND 6. h – 
CkD 6. h

CkND 24. h – CkD 
24. h

CkND 48. h – CkD 
48. h

CkND 72. h – CkD 
72. h

Z -0,561 -1,172 -1,478 -2,191 -1,581
Significance 0,575 0,241 0,139 0,028 0,114

Table 4. Resting and D compared CK enzyme statistical analysis values 

Variables Ck rest –        Ck 
D 0. m

Ck rest –        Ck 
D 6. h

Ck rest –           Ck 
D 24. h

Ck rest –        CkD 
48. h

Ck rest –           Ck 
D 72. h

Z -0,969 -1,172 -1,836 -1,784 -1,275
Significance 0,333 0,241 0,014 0,041 0,202
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values were not a statistically significant difference (p> 
0.05). 

According to Table 7, LDH enzyme activities were 
analyzed by comparing the pre-exercise (resting) value 
with the D arm at the first minute, 6, 24, 48, and 72nd 
hours after the exercise. There was no statistically 
significant difference at the first minute, 6 and 72nd hours 
values ( p>0,05). A statistically significant difference was 
found in the 24 and 48th-hour values (p <0.05). 

According to Table 8, pre-exercise (resting) values 
were analyzed by comparing to ND LDH enzyme 
activities at the first minute, 6, 24, 48, and 72nd hours 
after the exercise. There was no statistically significant 
difference between at the first minute and 72nd hours 
values (p> 0.05). A statistically significant difference was 
found in the 6, 24, and 48th-hour values (p <0.05).

Discussion
Statistically significant differences were found in ND 

arm CK, D arm CK, and D arm LDH enzymes. There 
was no statistically significant difference in ND arm LDH 
enzyme. These results prove that recovery in both arms 
occurred at 72nd hours. According to the values of CK 
and LDH, at the first minutes, 24, 48 and 72nd hours, 
there was a statistically significant difference in D and ND 
arm values of both enzymes. As can be seen from these 
results, different reactions occurred in both enzymes in 

the D and ND arm.
There was no statistically significant difference 

between the D and ND arm CK enzymes at the first 
minute, 6, 24, and 72nd hours after the exercise. A 
statistically significant difference was found in the 48th-
hour values after exercise. According to these results, 
similar effects were observed in both arms after exercise, 
and at 48th hour the arms showed different reactions. In 
other words, muscle damage increased up to 48th hour 
reached its highest level at 48th hour, and recovery was 
achieved towards 72nd hours.

There was no statistically significant difference 
between D and ND arm CK enzyme activities and D arm 
at the first minute, 6 and 72nd hours after the exercise. A 
statistically significant difference was found in the 24 and 
48th-hour values. There was no statistically significant 
difference in ND arm values at the first minute, 48 and 
72nd hours, and a statistically significant difference was 
found in the 6th and 24th-hour values. Again, these results 
indicate that muscle damage reached the highest level at 
24 and 48th hours, and returned to pre-exercise (resting) 
state around 72th hour. The results indicated that CK 
enzyme values at the first minute, 6 and 72nd hours of 
the D arm were similar to resting values, whereas 24 and 
48th-hour values were different from resting values. In 
the ND arm, the values of the first minute, 48 and 72nd 
hours are similar to rest values, and the values of 6 and 

Table 5. Resting and ND compared CK enzyme statistical analysis values

Variables Ck rest –       Ck 
ND 0. m

Ck rest –       Ck 
ND 6. h

Ck rest –           Ck 
ND 24. h

Ck rest –           Ck 
ND 48. h

Ck rest –           Ck 
ND 72. h

Z -1,784 -2,293 -1,988 -1,886 -1,478

Significance 0,074 0,022 0,047 0,059 0,139

Table 6. D and ND compared LDH enzyme statistical analysis values

Variables Ldh ND 0. m – 
Ldh D 0. m

Ldh ND 6. h – 
Ldh D 6. h

Ldh ND 24. h – Ldh 
D 24. h

Ldh ND 48. h – Ldh 
D 48. h

Ldh ND 72. h – Ldh 
D 72. h

Z -1,482 -1,008 -0,765 -0,510 -0,510

Significance 0,138 0,314 0,444 0,610 0,610

Table 7. Resting and D compared LDH enzyme statistical analysis values

Variables
Ldh rest –  
Ldh D 0. m

Ldh rest –          
Ldh D 6. h

Ldh rest –          
Ldh D 24. h

Ldh rest –        Ldh 
D 48. h

Ldh rest –      Ldh 
D 72. h

Z -0,663 -1,173 -2,191 -2,701 -1,224

Significance 0,507 0,241 0,028 0,007 0,221

Table 8. Resting and ND arm compared LDH enzyme statistical analysis values

Variables Ldh rest –              
Ldh ND 0. m

Ldh rest –          
Ldh ND 6. h

Ldh rest –          
Ldh ND 24. h

Ldh rest –       
 Ldh ND 48. h

Ldh rest –      
 Ldh ND 72. h

Z -1,376 -1,988 -2,244 -2,497 -1,580

Significance 0,169 0,047 0,025 0,013 0,114
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24th hours differ from rest values. Based on these results, 
recovery was observed in both arms, and recovery was 
faster in the ND arm compared to the D arm.

LDH enzyme activities of the D arm at the first 
minute, 6, 24, 48 and 72nd hours after the exercise were 
rested and no statistically significant difference was found 
in the first minute, 6, 72th hours. A statistically significant 
difference was found in the 24 and 48th-hour values. 
There was no statistically significant difference in ND 
arm values between rest and first minute and 72nd hours. 
A statistically significant difference was found in the 
values of 6, 24, and 48th hours. According to these results, 
it was seen that the LDH enzyme reached the highest level 
in both arms at 24 and 48th hours and recovery occurred 
in similar periods.

The results of the study conducted by Hazar et al., 
[30]  strength training after the study of the relationship 
between muscle pain and muscle damage with their study, 
Jubeau et al., [31] voluntary and stimulating contractions 
of muscle strength, growth hormone (GH), blood lactate 
and muscle damage is aimed to compare changes with 
voluntary and stimulated leg press exercise serum growth 
hormone concentration, blood lactate, isometric maximal 
voluntary contraction strength (MVC), serum creatine 
kinase (CK) activity and muscle pain were similar in 
terms of recovery time.

In addition, in terms of recovery time of creatine kinase 
(CK) enzyme results of the study, Nosaka and Clarkson, 
[32] maximal isometric power, elbow angle, muscle 
pain and cretin kinase levels are aimed to determine the 
eccentric phase of elbow flexion movement, Jamurtas et 
al., [33] of a similar intensity of eccentric muscle injury 
in the leg and arm after the exercise aimed to compare 
submaximal workload eccentric knee extension and 
elbow flexion movement they have done and Bruunsgaard 
et al., [34] increased cytokine level after exercise and 
muscle damage is similar to the work done to determine 
the intended muscle damage.

Conclusions
As a result, muscle damage after supramaximal 

eccentric exercise increased at 24 and 48th hours 
and returned to baseline at 72nd hours. A statistically 
significant difference in the 48 and 72nd-hour values is 
an indication of this situation. Although similar results 
were observed, the non-dominant arm recovered faster 
than the dominant arm. CK enzyme, the right arm values, 
the left arm values are a statistically significant difference 
is an indicator of this situation. This can be attributed to 
the lower performance of the subjects with non-dominant 
arms.

The results of this study will help athletes, coaches, 
or researchers to know what changes are happening to 
the human body after an exercise involving eccentric 
contractions with the supramaximal workload. Also, this 
study will help to prepare the training units, and recovery 
periods will be more comfortable to determine when the 
recovery time is fully known.

Suggestions for the future studies
• In addition to this study, different enzyme 

activities, which are markers of muscle damage, can be 
examined.

• Muscle damage can be examined by taking a 
muscle sample (biopsy).

• Muscle damage and changes in recovery time 
can be examined by taking blood samples at different 
times.

Suggestions for researchers
• Based on the results of this study, researchers 

may investigate the rate of muscle damage removal by 
taking some dietary supplements that are known to help 
recovery during rest.

• Investigate contraction types and interactions 
with different contraction exercises for different 
extremities (dominant or non-dominant).
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Abstract
Purpose: Determination of mental status of the rifle shooters during the shooting performance is critical for the 

development of mental training programs according to their skill levels. The purpose of this study was to 
investigate the psychophysiological differences of expert and novice rifle shooters. 

Material: Fourteen expert (age: 28.08±9.12 years, height: 176.12±4.24 cm, weight: 73.56±5.28 kg) and twenty 
novice shooters (age: 21.08±3.12 years, height: 177.42±3.74 cm, and weight: 71.56±3.57 kg)  participated 
in the current study. The participants performed five shootings from a distance of 10m. The averages of 
each shooter’s five shooting scores, values of attention and meditation, and heart rate between 5-sec 
before shooting and shooting moment were obtained. 

Results: It was determined that shooting scores (10.02 ±0.49 vs. 7.6±2.86, p<0.01, respectively) and meditation 
level (71.50±21.05 vs. 52.93±20.54, p<0.05, respectively) were significantly higher in the experts while 
attention level (73.63±21.11 vs. 59.76±21.26, p<0.05, respectively), and heart rate (105.34±12.12 vs. 
98.67±7,12 bpm, p<0.05, respectively) were found higher in the novices.

Conclusions: The novices and experts present different psychophysiological responses during the aiming period. It is 
suggested that the psychophysiological differences can be useful to categorize shooters and to provide 
feedback in training because it is important to develop programs according to group levels, especially in 
the development of mental training programs. Besides, it is determined that the mobile EEG device is an 
effective method for determining the mental status of athletes in sports specific activities.

Keywords: rifle shooting, attention, meditation, novice, expert.

Introduction1

Rifle shooting is an Olympic sport in which athletes 
shoot a fixed target at a distance of 10 meters. The athletes 
have to hit the target with 10 rings that are intertwined. 
The most successful shot is obtained by hitting the inner 
ring [1]. A successful shot depends on the rifle hold, 
aiming accuracy and trigger control [2, 3]. Therefore, it 
is necessary to use both motor skills and psychological 
factors in the shooting process [4].In the related literature, 
it is reported that postural balance is the most important 
motor skill in rifle shooting [5]. The smallest change in 
posture can lead to significant changes in the score. In 
this context, it can be said that high postural balance 
and minimal movement of the rifle barrel are important 
determinants of the shooting performance [4]. However, 
It is well known that elite athletes enhance a range of 
sport-specific cognitive skills as well as possessing motor 
skills [6, 7]. Lee reported that attention and meditation 
are the most important psychological factors that 
affect performance in rifle shooting because shooting 
performance is very comprehensive and it requires high 
intense of focusing [7]. When a shooter directs his rifle to 
the target, he must focus on many different points (target, 
sight, trigger and so on). Therefore, the shooter must 
separate himself from the outside world and concentrate 
on what he does [8]. However, air rifle competitions 
are psychologically stressful situations for shooters. It 
is well known that expectations regarding performance 

© Yıldız M., Fidan U., 2019 
doi:10.15561/18189172.2019.0606

increase anxiety, heart rate and blood pressure in people 
[9]. Therefore, determination of the mental status of the 
athletes during the shooting performance of rifle shooters 
is critical for the development of mental training programs 
according to their skill levels. Berka et al. determined 
that when novices monitor their own learning progress 
effectively they can adopt and integrate advanced 
techniques in the learning process [10]. Moreover, elite 
athletes enhance a range of sport-specific cognitive skills 
[6, 7, 11]. Therefore, determining of psychophysiological 
differences of expert and novice athletes can be useful 
to categorize athletes according to group levels and to 
provide feedback in their mental status. Self-reports or 
visual assessment by an examiner are generally used to 
determine the mental status of athletes. However, these 
methods may not reliably and objectively reflect the 
mental status of athletes because of the implicit nature of 
motor learning [11].

For many years, Electroencephalography (EEG) 
method has been commonly used as a neurologic technique 
for determining psychophysiological measurements of 
athletes. In this application, the electrical potentials of the 
brain cells are recorded by the sensors placed on the head. 
In the EEG studies, it was found that the brain oscillation 
(alpha, beta, theta, and so on) was associated with 
specific frequency bands and mental states (calm, arousal, 
attention, and so on) [12]. In the EEG measurements, theta 
waves (4~7 Hz) are usually associated with early sleep 
while delta waves (0.1 ~ 3 Hz) are associated with deep 
sleep. Moreover, beta waves (13 ~ 30 Hz) are related with 
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mental focusing and active thought, while alpha waves (8 
~ 12 Hz) are related with relaxation or resting state [13].

The traditional EEG has to be conducted in well-
controlled laboratory settings. Therefore, it is impossible 
measuring the mental status of athletes when performing 
sport specific tasks in the real world. Moreover, laboratory 
conditions and multi-channel wet EEG electrodes may be a 
stressful experience for some athletes (e.g. young or autistic 
children) when having a large number of electrolytes 
put onto their heads [11]. Due to the development in 
technology, it has become easier to measure the mental 
status of individuals using mobile EEG devices [7, 14]. 
Some of the EEG devices adopted a single channel dry 
sensor and offer a wireless, ergonomic and pain-free 
EEG monitoring solution to researchers. Therefore, it is 
extremely easy-to-use for measuring the mental status of 
athletes during sport specific tasks [15, 16, 17]. Mobile 
devices can analyse brain waves using various algorithms 
and give the level of attention and meditation of people as 
a ratio [7]. Therefore, we hypothesized that the novices 
and experts would present different psychophysiological 
responses during the aiming period. The purpose of 
this study was to investigate the psychophysiological 
differences of expert and novice rifle shooters during the 
aiming period using a mobile EEG device.

Material and Methods 
Participants. A total of 34 male rifle shooters including 

14 experts (age: 28.08±9.12 years, height: 176.12±4.24 cm, 
weight: 73.56±5.28 kg) and 20 novices (age: 21.08±3.12 
years, height: 177.42±3.74 cm, and weight: 71.56±3.57 
kg) participated in this study. The experts were chosen 
from a group of national athletes having experiences of at 
least four years and the novice shooters were chosen from 
beginners (2-8 months). The participants did not have any 
health problems. The current study was approved by the 
local ethical council and applied in accordance with the 
Declaration of Helsinki. All the participants were informed 
of the objectives and risks of the study. All participants 
signed a voluntary participation form.

Research Design. To determine the psychophysiological 
differences between expert and novice rifle shooters 
during the aiming period the shooters performed five 
shootings from a distance of 10m. The averages of each 
shooter’s five shooting scores, values of attention and 
meditation, and heart rate between 5-sec before shooting 
and shooting moment were obtained.

Procedure. The study was performed in a standard 
indoor shooting area. Firstly, descriptive statistical data of 
the participants were obtained. The shooters performed a 

total of 10 shots for familiarization. Furthermore, external 
viewers were placed in the competition area to create a 
competition environment. It was reported that athletes 
would be rewarded according to their performance. 

Measurements. 
Attention and meditation. A single-channel mobile 

and wearable electroencephalogram (EEG) device 
(MindWave®, NeuroSky, Inc., U.S.A.) was placed to 
the participants’ head. Usability of detecting attention 
levels in an assessment exercise using  NeuroSky 
portable EEG device has been demonstrated in many 
studies [18, 19, 20]. The EEG device was connected to 
the computer via Bluetooth to determine the attention and 
meditation levels   of the participants. The attention level 
represents the intensity of the participant’s mental focus. 
Meditation level shows the mental and calmness levels of 
the participants. The attention and meditation levels are 
scored between “0” and “100”. “0” represents the lowest 
level, and “100” represents the highest level. “10.9” is the 
highest score, and “0” is the lowest score in rifle shooting. 
A mini software was developed in MATLAP program for 
the analysis of the raw data (attention and meditation) 
obtained from the Mobile EEG device. In this software, 
while a participant was shooting (shooting moment), a 
mark was placed between the data. Thus, the data of 5 
seconds before the shot were analysed.

Heart rate. In order to determine the heart rate of the 
participants, the polar M400 (Polar Electro Oy, Kempele, 
Finland) was placed on the chest area of the participants. In 
order to synchronize the data, one of the researchers held 
the heart rate monitor behind the participant and when a 
participant shot, the investigator pressed the lap button of 
the monitor. The data obtained from the heart rate monitor 
were analysed by the Polar Protrainer5 software. The 
average heart rate of pre-5s of shooting was analysed. 

Statistical Analysis.
SPSS 18.0 software was used for the statistical 

analysis of the data. Kolmogorov Smirnov test was used 
to determine whether the data were distributed normally. 
Mann-Whitney U was used in order to detect the difference 
between the groups. A value of p<0.05 was taken as the 
significance value. Cohen’s d values were calculated to 
determine effect sizes. Cohen’s d values were classified 
as small (0.00 ≤ d ≤ 0.49), medium (0.50 ≤ d ≤ 0.79), and 
large effects (d ≥ 0.8) [21].

Results
It is seen in Table 1 that shooting scores (10,02 ±0,49 

vs. 7,6±2,86, p<0,01, effect size 1.179) and  meditation 
level (71,50±21,05 vs. 52,93±20,54, p<0,05, effect size 

Table 1. Comparison of the psychophysiological responses  of the expert and novice rifle shooters during the aiming 
period.
Variables Expert X ±SD Novice X ±SD Effect size
Attention (level) 59.76±21.26 73.63±21.11* 0.655
Meditation (level) 71.50±21.05* 52.93±20.54 0.892
Heart rate (bpm) 98.67±7.12 105.34±12.12* 0.671
Shooting score (points) 10.02±0.49** 7.6±2.86 1.179
Notes: **: p<0.01, *: p<0.05



315

2019

06
0.892) are significantly higher in the expert shooters, 
whereas attention level (73,63±21,11 vs. 59,76±21,26, 
p<0,05, effect size 0.655), and heart rate (105,34±12,12 
vs. 98,67±7,12 bpm, p<0,05, effect size 0.671) are found 
higher in the novice shooters.

Discussion 
The purpose of this study was to investigate the 

psychophysiological differences of expert and novice rifle 
shooters. At the end of the current study, it was seen that 
shooting scores and meditation level were significantly 
higher in expert shooters while attention level and heart 
rate were found higher in the novice shooters. 

There are a limited number of studies in the literature 
examining psychophysiological factors in rifle shooters. 
In the present study, it was observed that the heart rate 
during the shooting was higher in the novice rifle shooters. 
Similar to the current study, Neumann & Thomas 
investigated heart rate differences of the elite and novice 
golf athletes during hitting the ball. They reported that 
the elite players had a lower heart rate when compared 
with novice players [16, 17]. Similarly et al reported 
that elite archers exhibited a lower heart rate when they 
were compared with novice archers during shooting 
[22]. Tremayne & Barry demonstrated that there was a 
slower reduction in heart rate levels prior to the shot in the 
experts pistol shooters when compared with the novice 
shooters [23]. It is well known that cognitive procedures 
increase or decrease heart rate during motor performance 
[24]. The reason of heart rate increment during shooting 
activity in novice shooter may be due to the turning 
of external attention (focusing on the effect of the 
movement) to internal attention (focusing on a person’s 
body movement). It is well known that while external 
attention leads to a decrease in heart rate, inner attention 
leads to an increase in heart rate [25]. The best scores 
are managed during the external attention with a lower 
heart rate [26, 27]. Moreover, external attention facilitates 
the automatization of the movement [28]. With the focus 
on the inside, novice athletes might talk to themselves 
leading to an increased heart rate. Supporting this idea, 
in the current study, the meditation values of the novice 
shooters were found lower than the expert shooters [26]. 
This may mean that anxiety levels of the novice shooters 
are higher than the expert shooters. Moreover, it is well 
known that there is a relationship between elevation of 
anxiety and heart rate [29]. 

In the current study, the attention and meditation 
levels of the shooters were analysed with the mobile EEG 
measurement. It was determined that the novice shooters 
had higher attention levels than the expert shooters. 
In the literature, different results were found in the 
studies conducted to determine the attention differences 
according to the athletes’ levels. Similar to the present 
study, Haufler et al.  reported that elite shooters exhibited 
lower cortical activation during aiming in 15 elite and 
21 novice shooters [30]. In another study, Deeny et al. 
reported that the elites exhibited lower alpha and beta 
values [8]. Hatfield et al.  stated that the elite shooters had 

lower activation of the cerebral cortex compared to the 
novice shooters [31]. In contrast to the current study, Lee 
(2009) stated that the elite archers had a greater attention 
level at the release of the arrow than the novice archers 
[7]. Del Percio et al. also reported high levels of alpha 
and beta bands which were directly related to attention 
and meditation in elite pistol shooters [32]. Fronso et al. 
stated in a review study that elite and novice shooters 
used different strategies during aiming, and especially the 
elites increased their attention during the shooting [27]. 
The most important reason for finding different results 
is the use of different protocols in the measurements. In 
the present study, the average of the psychophysiological 
values between 5-sec before shooting and shooting 
moment were obtained and analysed. However, other 
investigators found higher attention levels in experts just 
before release or shot [7, 32). The most important reason 
for lower attention in the expert shooters before shooting 
may be the long period of sports specific practice. The 
shooters can focus on the movement economically after 
a long period of repetition and adapt to sport specific 
movements because effective motor performance is 
characterized by the biomechanical and metabolic act of 
performing the movement economically [33, 34, 35, 36]. 
Serrien and Brown demonstrated a decline in the alpha 
and beta band EEG activities when the athletes became 
more familiar with a motor task [37]. Experienced 
shooters exhibit more precise focusing strategies and 
more effective visual screening models [38]. Unlike 
experts, novices focus more on related or irrelevant points 
(not selectively). This means more cognitive processing. 
However, as practice increases, irrelevant stimuli are 
eliminated and environmental stimuli and clues related to 
the task are processed [39].

Other data obtained in the mobile EEG measurements 
were that the meditation levels of the expert shooters 
were higher than the novice shooters. Similarly, Lee 
determined that the meditation levels of the expert archers 
were higher than the novices. Doppelmayr et al.  found 
that only experienced gun shooters had a steady increase 
in theta power in the last three seconds prior to shooting 
[40]. Lange et al. determined a lower coherence in the 
alpha band when began to draw with the nondominant 
hand compared to the dominant hand [41]. This may 
be explained by the fact that expert shooters have more 
external attention and novice shooters have more internal 
attention. The higher heart rate and lower meditation 
level before the shot indicated that the novice shooters 
were under high stress and anxiety during shooting. 
However, in the expert shooters, emotions seemed 
more controllable under stress. It is well known that 
equilibrium performance is the most important factor 
affecting shooting performance [3, 4, 5]. Era et al. found 
that a change of less than 10% of postural control affected 
shooting score of elite rifle shooters [42]. Moreover et al.  
determined a significant association between low tension 
and the results in the test shootings (r = 0.42, P < 0.001) 
[43]. As a result, it is estimated that the increase in the 
internal attention of the novice shooters and the decrease 
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of the meditation level may affect the balance control, 
and, therefore, the shooting scores are affected negatively. 

Conclusion
 It was determined that the expert and novice rifle 

shooters presented different psychophysiological 
responses during the aiming period of shooting activities. 
According to these results, it was seen that while shooting 
scores and meditation level were significantly higher in 
the expert shooters, attention level, and heart rate were 
found higher in the novice shooters. It is suggested that the 
psychophysiological differences can be useful to categorize 
shooters and to provide feedback in training because it 
is important to develop programs according to group 
levels, especially in the development of mental training 

programs. In order to improve performance in novice 
shooters, focusing on psychological training (relaxation, 
and external attention) methods is recommended. In the 
future, studies can be carried out in rifle shooters together 
with the parameters of psychophysiological factors and 
balance control. Besides, it is determined that a mobile 
EEG device is an effective method for determining the 
mental status of athletes in sports specific activities. In the 
future, studies can be carried out in rifle shooters together 
with the parameters of psychophysiological and balance 
control. 
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Abstract
Purpose: The paper is dedicated to the problem of the strength testing and training using the ergometer rowing 

performance in the flat water kayak sport. The aim of the research was to create a model of validity based 
on the relationship between the ergometer and on-water performance competition rowing.

Material: Nineteen 15–17 years old male kayak rowers during the off-season were randomly divided into two 
groups. An experimental group trained according the same program as the control group, but two 
times a week a part of the common strength training exercises was substituted with a high-intensity 
strength training using the ergometer rowing. A whole amount of strength loading on all the rowers of 
the two groups was equal. Validity of testing and training of the ergometer rowing in the kayak sport was 
evaluated using interclass correlation between competition performance on 500 m on-water kayak and 
ergometer rowing.

Results: Strong significant correlation is revealed between competition performance of on-water kayak and 
ergometer rowing before and after the off-season (|r| = 0.892, 0.902, p <0.001), that shows rather 
good validity. Other result of the correlation analysis shows good prognostic ability of the ergometer 
performance regarding competition performance of on-water kayaking (|r| = 0.913).

Conclusions: The proposed model based on the relationship between the ergometer and on-water performance 
competition rowing shows rather good validity of the strength testing and training in the on-water kayak 
sport.

Keywords: flat-water kayaking, rowing, competition, performance, modelling.

Introduction1

The kayak rowing is a strength-endurance type of 
sport and competition performance depends on factors 
such as aerobic and anaerobic power, physical power, 
rowing technique and tactics. Therefore, a rower has to 
develop several capacities in order to be successful and a 
valid testing battery of a rower has to include parameters 
that are highly related to rowing performance. Endurance 
training is the mainstay in rowing. For the 2000 m race, 
power training at high velocities should be preferred to 
resistance training at low velocities in order to train more 
specifically during the off-season. The specific training of 
the international rower has to be approximately 70% of 
the whole training time [1].

Rowing ergometers were designed with a purpose to 
simulate rowing indoor exercises. During the last several 
decades, rowing ergometers revolutionised the training 
and testing of kayak sportsmen [2]. The ergometers were 
primarily used to simulate biomechanical movements and 
physiological stresses associated with a specific force of 
kayak paddling. Several ergometers with different designs 
can be used by rowers as part of their indoor training [3].

The ergometers are used not only for training, but for 
testing of rowing techniques and mechanical efficiency 
of paddling, too. Michael et al. examined elite kayakers 
and identify a number of key biomechanical performance 
variables during maximal paddling on a custom kayak 
simulator. Results indicated a significantly greater 
mechanical efficiency during the right paddle stroke 
compared with the left (p < 0.025). In addition, analysing 
© Zanevskyy I.P., Chodinow W., Zanevska L.H., 2019 
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the effect of period, peak paddle force demonstrated a 
significant reduction when comparing the beginning to 
the middle and end of the simulated race respectively (p < 
0.025). Examination of individual force profiles revealed 
considerable individuality, with significant variation in 
the time course of force application [4].

Greene, et al. studied the effect of ergometer design 
on rowing stroke mechanics. No differences were found 
in the mechanical energy delivered to the handle of the 
three ergometers; however, greater joint mechanical 
energy production of the lower limb reduced mechanical 
efficiency when rowing using the fixed ergometer. The 
fixed foot stretcher on the fixed ergometer acts to increase 
the inertial forces that the rower must overcome at the 
catch, increasing the moment and power output at the 
knee, and affecting the coordination pattern during the 
recovery phase [5].

Fleming et al. assessed muscle recruitment patterns and 
stroke kinematics during ergometer and on-water rowing 
to validate the accuracy of rowing ergometry. Their results 
suggest that significant differences exist while comparing 
recruitment and kinematic patterns between on-water and 
ergometer rowing (p < 0.01). These differences may be 
due to altered acceleration and deceleration of moving 
masses on-ergometer not perfectly simulating the on-
water scenario [6].

Sarabon et al. formulated a paradigm that to improve 
validity of testing and training of a rowing ergometer 
means to reduce the discrepancy between the rowing 
ergometer and on-water rowing. With this purpose they 
evaluated the effect of rowing ergometer compliance 
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on biomechanical and physiological indicators during 
simulated 2,000-metre race of young competitive rowers. 
The study compared biomechanical characteristics and 
physiological responses during rowing on three devices: 
stable ergometer, transversally compliant ergometer, and 
frontally compliant ergometer with stroke rate, average 
force, power output, velocity and amplitude of the 
handle and stretcher or seat, heart rate and blood lactate 
were measured at 500 m intervals. Force and power at 
the stretcher were significantly lower (p < 0.03) for 
transversally compliant ergometer, while stroke rate and 
velocities of the handle and the seat were higher (p < 
0.01). No significant differences were observed between 
stable and frontally compliant ergometer in biomechanical 
parameters. The lowest rowing performance was observed 
in frontally compliant ergometer (p = 0.007), and was 
accompanied with the highest average heart rate (p = 
0.031). In the transversally compliant ergometer, rowers 
modified their technique, but were able to maintain 
physiological strain and performance. In contrast, 
frontally compliant ergometer had no effect on rowing 
biomechanics, but decreased rowing performance and 
increased physiological strain [7].

Benson et al. undertook comparison of rowing 
stationary and dynamic ergometer. Differences were more 
pronounced in males than females; this dichotomy may 
be more due to dynamic ergometer familiarity than sex. 
When rowing at a constant power output, all rowers used 
higher stroke rates and lower stroke forces on the dynamic 
ergometer as compared to the stationary ergometer. 
Cardiopulmonary demand was higher for all rowers, as 
measured by heart rate, and efficiency was lower [8].

Cycle training is an important training modality of 
elite rowers. Cycling is the preferred alternative to on-
water and ergometer rowing as it provides a reduction 
in compressive forces on the thoracic cage and upper 
extremities while still creating a local and central 
acclimation to endurance training. Lindenthaler et al. used 
rowing and cycle ergometry to determine differences in 
physiological responses during rowing in elite male 
sportsmen. It is hypothesised, however, that there will 
be differences in physiological characteristics between 
ergometer rowing and cycling due to the principle 
regarding the specificity of training that elite rowers 
undertake. Understanding these differences will ensure 
more accurate training prescription when cycling [9].

Rowers regularly undertake rowing training within 
24 h of performing bouts of strength training; however, 
the effect of this practice has not been investigated. 
Gee TI et al. evaluated the impact of a bout of high-
intensity strength training on 2,000 m rowing ergometer 
performance and rowing-specific maximal power. 
This bout of high-intensity strength training resulted in 
symptoms of muscle damage and decrements in rowing-
specific maximal power, but this did not affect 2,000 m 
rowing ergometer performance in highly trained rowers 
[10].

In order to validate ergometer usage in laboratory 
testing of athletes, a quantitative assessment of task 

specificity must be established. Literature validating task 
specificity of various ergometer designs, using cardio-
respiratory or biomechanical variables such as kinematic 
and force data exist. The development of reliable, 
commercially available air-braked kayak ergometers 
has led to their usage in training and testing of elite 
flat-water kayakers. Investigations into the validity of 
on-ergometer versus on-water testing for metabolic and 
cardio-respiratory variables have concluded that while 
kayak ergometers accurately simulated physiological 
demands of short-term high-intensity kayaking, a 
biomechanical assessment was required to determine 
how accurately kayak ergometers simulated the on-water 
scenario. Significant differences exist while comparing 
recruitment and kinematic patterns between on-water 
and ergometer rowing. These differences may be due to 
altered acceleration and deceleration of moving masses 
on-ergometer not perfectly simulating the on-water 
scenario [11].

Lawton et al. reviewed strength testing and training 
of rowers and identified strength tests that were reliable 
and valid correlates (predictors) of ergometer rowing 
performance. They established strength, power, and 
muscular endurance exercises for weight room training, 
which are strong determinants of success in specific 
performance measures used to assess elite rowers 
ergometer rowing performance. The question is about 
the ergometer rowing performance validity. A reasonable 
answer was regarding further research to examine the on-
water benefits associated with various strength training 
protocols, in the context of the training phase, weight 
division, experience and level of rower, if limitations to 
the reliability and precision of performance data can be 
controlled [12].

Validity of testing and training of the ergometer rowing 
in the kayak sport is studied basing on the relationships 
between anthropometric characteristics, metabolic and 
biomechanical parameters, strength variables and rowing 
ergometer and on-water performance time [13]. Although 
the competition performance on-water time should be a 
criterion of skills in the kayak sport, there has been little 
research interest in on-water time trials for assessing 
rowing performance [14].

Research hypothesis: validity of testing and training 
of the ergometer rowing could base on the prediction of 
interclass correlation between competition performance 
of on-water kayak and ergometer rowing.

Purpose: the aim of the research was to create a model 
of validity of the strength testing and training based on 
the relationship between the ergometer and on-water 
competition rowing.

Material and Methods
Participants
Nineteen 15–17 years old male kayak rowers were 

involved into the research (body mass: 74.7±3.1 kg, body 
length: 176.7±2.8 cm). All the participants were good 
healthy; they trained according to the program for sport 
schools on kayak rowing [15].
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This study was approved in advance by Ethical 
Committee of Lviv State University of Physical Culture. 
Parents of each the young participant voluntarily 
provided written informed consent before participating. 
The procedures followed were in accordance with the 
ethical standards of the Ethical Committee on human 
experimentation.

Procedure
The research was done during the off-season from 

November to April. Participants were randomly divided 
into two groups. One of these groups (control) consisted 
nine rowers which trained according the curriculum [15]. 
A bout of strength training consisted pressing a rod lying 
on a back, pulling a rod lying on the breast, pulling and 
jerking of the weight, exercises on the bars, various multi-
joint barbell exercises etc.

Another group (experimental) consisted ten rowers 
trained according the same program as the control group, 
but two times a week a part of the common strength 
training exercises was substituted with a high-intensity 
strength training using the ergometer rowing. A whole 
amount of strength loading of all the rowers of the two 
groups was equal.

A time of 500 m kayak competition on flat water rowing 
was measured just before the off-season beginning (to the 
end of October) and just after the off-season ending (at the 
early May). From the very beginning of the off-season and 
just before the off-season ending, a number of maximal 
intensity double strokes with the rowing ergometer were 
measured during one minute.

Statistical analysis
Variation of measurements was estimated with the 

coefficient of variation:

=V SD
M
100%

,                           (1)
where SD: standard deviation, M: arithmetic mean. 

When V < 10%, variation is small, 10−20% − moderate, 
and V > 20% − great.

Relative changing of training and competitive results 
during the off-season was calculated with formula:

δ =
−

−

M M
M

100%A B
A B

B ,                     (2)
where MA, MB are arithmetic means of groups’ results 

after and before the off-season.
Relative difference of competitive results between 

the experimental and control groups was calculated with 
formula:

δ =
−
+−

M M
M M

200%E C
E C

E C ,                    (3)
where ME, Mc are arithmetic means of groups’ results 

after and before of the off-season.
Validity of testing and training of the ergometer 

rowing in the kayak sport was studied in the frames of 
concurrent validity that refers to a measurement device’s 
or method’s ability to vary directly with a measure of the 
same construct. It allows showing that test is valid by 
comparing it with an already valid test [16].

The competition performance time was recognised as 

valid because in kayaking sport like any other sport the 
competition performance is an imperative matter. Validity 
of testing and training of the ergometer rowing in the 
kayak sport was evaluated using interclass correlation 
between competition performance of on-water kayak and 
ergometer rowing.

Shapiro – Wilk test was used to evaluate probability 
of a normal distribution of results showed by the research 
groups. The results were elaborated using parametric 
statistics of centre and variation.

Fisher − Snedecor F-test was used to determine 
significance of differences in variations between the 
experimental and control groups. Student t-test for paired 
samples was used to determine significance of changing 
in rowing results during the off-season. Student t-test for 
independent samples was used to determine significance 
of differences between mean values of the experimental 
and control groups.

Validity of testing and training on the ergometer 
rowing in the kayak sport was evaluated using Pearson 
paired correlation between on-water kayak and ergometer 
performance rowing. Significance of the correlation was 
estimated with Student t-test for interclass correlation 
using the formula as follows:

= −
−

t r n
r
2

1 2 ,                              (4)
where r is coefficient of correlation, n − number of 

participants in a group.
The computer package Statistica was used in data 

processing.

Results
Because near normal distribution (SW-W = 

0.899−0.951, p = 0.215−0.695), parametric statistics were 
used to elaborate results of competitions and training 
(Table 1). During the off-season, both groups increased 
competition results in rowing (p < 0.001), but the 
experimental group showed significantly greater decrease 
of rowing time (3.3 s, 2.6%) than the control group: 
(1.9 s, 1.6%). Much more great increase was noticed in 
a number of double strokes with the rowing ergometer 
(11.2, 36.6%). Significance of the noticed increase in 
all the results is confirmed with paired correlation of the 
beginning and ending results (r = 0.939−0.996, t < 0.001).

Before the beginning of the off-season, experimental 
and control groups showed practically equal results in 
the water rowing competition: p = 0.922 (Table 2), but 
after the end of the off-season the experimental group 
convincingly surpassed the control group ( p = 0.160). 
Groups variations of results in water rowing competition 
and ergometer rowing were rather small (V < 10%), 
but variations of water rowing competition were times 
smaller (V < 2%), than ergometer rowing (V = 6.7, 7.9%).

Rather strong significant correlation was revealed 
between competition performance of on-water kayak and 
ergometer rowing before (r = −0.892, p <0.001) and after 
the off-season: r = −0.902 (Table 3). Other result of the 
correlation analysis showed really good prognostic ability 
of the ergometer performance regarding competition 
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performance of on-water kayaking (r = −0.913).
These correlations have negative direction (r < 0), 

because in average decreasing of the on-water competition 
performance time was accompanied with increasing of a 
number of double strokes in the ergometer performance 
(Figure 1). Of course, correlations between one-named 
results before and after off-season have positive direction 
(r > 0), namely for the on-water competition performance 

time it was 0.939 (p <0.001) and for the number of double 
strokes in the ergometer performance − 0.964. These 
two coefficients confirm results of statistical hypothesis 
regarding changing of results of the on-water competition 
performance time and of the number of double strokes 
in the ergometer performance during the off-season. The 
same hypothesis regarding the control group showed a 
similar result: r = −0.996, p <0.001 (see Table 1).

Table 1. Bias of results during the off-season

Group EG (kayak) CG (kayak) EG (ergometer)

Competition Before After Before After Before After

n 10 9 10

M (s) 122.2 118.9 122.3 120.4 30.6 41.8

SD (s) 2.4 2.1 2.2 2.0 2.4 2.8

Max (s) 125.0 121.5 125.1 123.0 35.0 46.0

Min (s) 117.9 115.0 119.0 117.3 28.0 38.0

V (%) 2.0 1.8 1.8 1.7 7.9 6.7

SW-W 0.899 0.933 0.942 0.951 0.903 0.928

p 0.215 0.482 0.606 0.695 0.236 0.426

DA-B (s/times) –3.3 –1.9 11.2

dA-B (%) –2.6 –1.6 36.6

t* 11.9 21.9 44.9

t0.001, n-1 4.8 5.0 4.8

r* 0.939 0.996 0.964

Note: n − number of rowers; M − arithmetic mean; SD − standard deviation; Max − maximal; Min − minimal; V 
− coefficient of variance; SW-W − Shapiro–Wilk parameter; p − significance; D − difference between ending and 
beginning results at the off-season; t − Student statistics; r − correlation coefficient; * p <0.001.

Table 2. Comparison of groups’ on-water competition performance time regarding off-season

Competition Before After
Group Experimental Control Experimental Control

n 10 9 10 9

M (s) 122.2 122.3 118.9 120.4

MS (s2) 6.0 4.9 4.6 4.1

D (s) –0.1 –1.5

dE-C (%) –0.1 –1.2

F 1.228 1.119
p(F) 0.391 0.443
t 0.099 1.470
p(t) 0.922 0.160

Note: n − number of rowers; M − arithmetic mean; MS − variance; DE-C − difference between groups; F − Fisher−
Snedecor statistics; t − Student statistics; p(t), p(F) − significance regarding mean values and variances correspondingly.
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Discussion
The aim of the research was to create a model of 

validity of testing and training based on the relationship 
between the ergometer and on-water performance 
competition rowing. The model of validity derived in 
the research could be useful to validate investigations on 
relationships between results of tests and exercises and 
ergometer rowing performance.

Rowing races require developing high level of force 
and power output at high contraction velocity. Giroux 
et al. determined the force-velocity and power-velocity 
profiles of lower and upper limbs of adolescent rowers 
and their relationships with a 1,500-m rowing ergometer 
performance. The power developed during the 1,500-
m (P1500) was evaluated in fourteen national-level male 
rowers 15.3±0.6 years old. The profiles were assessed 
during bench pull and squat jump exercises [17].

Maciejewski et al. investigate whether three different 
approaches for evaluating squat jump performance were 
correlated to rowing ergometer performance in elite 
adolescent rowers, who performed a 1,500-m all-out 
rowing ergometer performance and a squat jump test. The 
performance in the test was determined by calculating the 
jump height, a jump index, and the mean power output 
[18, 19]. According to the model created one could use 
analysis of correlation between ergometer and on-water 
rowing competition performances with a purpose to 
evaluate validity of these tests.

The same recommendation regarding validity of 

the ergometer rowing performance could be directed 
to examination of the anthropometric and metabolic 
determinants of performance during 6,000-m of rowing 
on an ergometer and prediction of the 1000m rowing 
ergometer performance in young rowers [20].

The ergometer rowing during one minute was 
directed to strength training that is in harmony with 
recommendations by Lawton et al. While strength partially 
explained variances in 2000-m ergometer performance, 
concurrent endurance training may be counterproductive 
to strength development over the shorter term. Therefore, 
prioritization of strength training within the sequence of 
training units should be considered, particularly over the 
non-competition phase. Maximal strength was sustained 
when infrequent (e.g. one or two sessions a week) but 
intense (e.g. 73-79% of maximum) strength training 
units were scheduled; however, it was unclear whether 
training adaptations should emphasize maximal strength, 
endurance or power in order to enhance performance 
during the competition phase [21, 22].

The use of the ergometer rowing showed some training 
effect. With the same whole amount of the strength 
loading as in the control group, the experimental group 
using the ergometer rowers during off-season showed 
better on-water competition performance on the 500 m 
distance: 1.5 s, p = 0.160 (see Table 2).

Garcia-Pallares and Izquierdo investigated strategies 
to optimize concurrent training of strength and aerobic 
fitness for rowing and canoeing and recommend 

Table 3. Correlation between of on-water kayaking and ergometer rowing performance regarding off-season

Measurements
Ergometer Kayak

Before After Before After

Ergometer
Before − 10.21◊ 5.59◊ 6.35◊

After 0.964* − 6.14◊ 5.91◊

Kayak
Before –0.892* –0.908* − 7.70◊

After –0.913* –0.902* 0.939* −

Note: *r − coefficient of correlation; ◊t − Student statistics; p <0.001.

Figure 1. Relative results of the experiment group about the off-season (M ± SD), *p < 0.001.	



323

2019

06
strategies, based on research, to avoid or minimize any 
interference effect when training to optimize performance 
in these endurance sports [23]. The created model of 
validity based on the strength preparation of kayak rowers 
performed competition on the short distances (200, 500 
m). Analogical models could be created for the endurance 
preparation regarding long competition distances.

The model of the ergometer performance validity was 
derived on the male rowers results. There are no clear 
restrictions to disseminate this model on the female sport 
kayaking, but it should be a problem of a special research 
[24].

Conclusions
A problem of the ergometer performance rowing 

validity should be considered taking into attention the 

ultimate aim of rowing sports – on-water competition 
performance time. The coefficient of correlation between 
the ergometer and on-water competition performance 
time is a quantitative measure of this validity. The model 
could used as rather good prognostic instrument that was 
showed on the example of young kayak rowers during the 
off-season (|r| = 0.913, p <0.001). The ergometer rowing 
has some training effect on the 500 m distance (p = 0.160).
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Abstract
Purpose: Judo is a combat sport requiring physical qualities that include speed and coordination. They are essential 

for brief and intense attacks. Study the impact of a training based on coordination adapted to the age 
group (10 to 12 years) on the development of speediness among young’s judokas.

Material: The study was conducted at Svelty Club, sports association in Kenitra, city in north-western Morocco, 
from March 2nd, 2019 to May 5th, 2019, on a sample of 12 young judoka aged from 10 to 12 years divided 
into two groups, control group and experimental group. At first both groups received two tests, 10m 
speed test and Uchi Komi test, which we considered initial tests. The experimental group had a training 
program spread over 12 weeks that focused on the development of speed through coordination. For the 
control group, we followed the regular training of the club. Both tests were re-administered after the end 
of the training program (final tests).

Results: The initial test value for the experimental group for Uchi Komi test was 7 ± 0.9, and the final test was 
8.7 ± 1.03, which shows a significant difference according to the T test, (p = 0.001≤ 0.05) in contrast to 
the control group (p = 0.23≥0.05). For the 10m speed test, the experimental group showed a significant 
difference between the value of the initial test and the final test (p = 0.003≤0.05), unlike the control 
group (p = 0.93≥0.05).

Conclusions: The development of physical qualities is still the primary goal of coaches; however this development 
is more decisive for young athletes. Our study has shown that a coordination training adapted to each 
athlete’s age can help coaches better develop other qualities namely speed.

Keywords: training, young, speed, coordination, judo, athlete.

Introduction1

Judo is a highly demanding fighting sport. It requires 
the development of speediness for brief and intense 
maneuvers alongside endurance through the repetition of 
attacks. Furthermore, it prizes the mastery of coordination 
for an efficient execution of movements. A judo battle 
is composed of a succession of intermittent, brief and 
intense efforts, lasting a total of seven to eight minutes 
and inducing a strong demand of the different energy 
sectors [1-3].

A perfect physical condition is necessary for an 
optimal expression of the techniques that define the 
success of a judoka [4, 5]. For judo practitioners under 
12 years of age the situation is a little more intricate. If 
the charge is univocal, early hyper-specific training can 
be problematic promoting muscle imbalances that could 
subsequently alter these young Judokas’ development. 
Many children would not develop their maximum sport 
potential simply because the stimuli applied during their 
growth were insufficient or unambiguous. [6-8].

Hypothesis: Specific coordination training will have 
an impact on the development of speed among an age 
group of judokas from 10 to 12 years old.

Purpose: Study the impact of a training based on 
coordination adapted to the age group (10 to 12 years) 
focusing on the development of speediness among these 
young judokas through two tests, a speed test on 10m and 
a specific test Uchi Komi; a fundamental exercise in the 
physical and technical preparation of judoka [9].

© Zeghari L., Moufti H., Arfaoui A., Gaidi.A., Addal K., 2019 
doi:10.15561/18189172.2019.0608

Material and methods
Participants:
The present study was conducted at Svelty Club, sports 

association founded on October 13, 2013 in Kenitra, 
city in north-western Morocco, which contains over 80 
licensees. The study was conducted from March 3rd, 2019 
to May 4th, 2019, all Tuesday, Thursday and Saturday 
from 7 PM to 8 PM.

The population is made up of 12 male judokas from 
the club ASSOCIATION SVELTY CLUB. These subjects 
were chosen in a random way, forming two groups:

- An experimental group whose age was between 
10 and 12 years, with a mean age of 11.33 ± 1.03, and 
a weight between 41 and 78 kg and a mean of 53.33 ± 
14.65.

- A control group whose age was between 10 and 12 
years, with a mean age of 11.33 ± 1.03, and a weight 
between 40 and 55 kg, and a mean of 46.16 ± 5.78.

Research Design:
Before applying the tests, both experimental and 

control groups perform specific warm-up exercises to 
avoid injury and prepare the muscle for exertion by 
increasing body temperature.

Step 1: Applying the initial tests to assess the initial 
level of each member of both groups (experimental and 
control). 

Test 1: Speed test on 10m:
- The subject must be behind the starting line, the 
stopwatch is triggered when the subject’s rear foot leaves 
the ground, and stops when he crosses the finish line, the 
subject must perform 3 tries and the best time is recorded 
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[10], the objective of this test is to evaluate the ability to 
start explosively.

Test 2: Uchi komi:
- The subject must perform the maximum number of 
repetitions on ippon-seoi-nage for 10 seconds, he must 
keep the rhythm adopted from the outset and especially 
the gestural quality at the time of execution of the 
technical gesture [11], however the test procedure must 
comply with the following conditions:
- Rotate completely and return from the front,
- Both feet on the same line,
- The hand back on the reverse.

Step 2: Development of an adapted training program 
focused on speed development through coordination (see 
Appendix):

After initial testing, we set up a specific training plan to 
develop speed among young judokas aged 10 to 12 years, 
while taking into consideration the fundamental principles 
of progression (from simple to complex), respect the 
stages of development, the load of the exercises and the 
principle effort-recovery.

The training program was spread over a period of 12 
weeks, with three training sessions per week, making a 
total of 36 sessions lasting 60 minutes each.

Step 3: repeat the tests (10m speed test and Uchi Komi 
test) under the same conditions of the initial tests that we 
will consider final tests.

Statistical analysis:
For the analysis of the evolution between the two 

groups we chose T test of the paired samples, with the 
software SPSS version 25.

Results
Descriptive results
According to Table 1 the experimental group has a 

mean age of 11.33 ± 1.03, and the average of the results 
of the initial and the final test for the speed in 10 meters 
are respectively (2.35 ± 0.09), (2.25 ± 0.06).

For Uchi Komi test the mean of the initial and final 
test results are respectively (7 ± 0.9), (8.7 ± 1.03).

From Table 2 the control group has a mean age of 
11.33 ± 1.03, as well as the average of the results of the 
initial and the final test for the speed in 10 meter are 
respectively (2.61 ± 0.25), (2.60 ± 0.19).

For Uchi Komi test the average of the initial and final 
test results are respectively (6.67 ± 1.37), (7.67 ± 1.21).

Results of the comparison between the experimental 
group and the control group. 

- Speed test on 10m in (s)
- For the experimental group and from Table 3, the average 
of the initial test was 2.35 ± 0.09, and the final test was 
2.25 ± 0.06, which proves an evolution of 0.1 (s). And 
this is confirmed by the paired sample T-test, which shows 
that there is a significant difference between the value of 

Table 1. General characteristics of the sample as well as the results of the initial and final tests of the two tests (speed 
over 10 m and Uchi Komi by 10 seconds (Ippon Seoi Nage)) for the experimental group.

Subjetcs
Ages
(years)

Weight
 (kg)

Grades
IT*: 
10m (s)

FT*:
 10m (s)

IT : 
Uchi 
Komi

FT: Uchi 
Komi

1 12 43 Blue 2.30 2.18 8 10
2 12 59 Blue 2.41 2.32 8 9
3 10 41 Blue 2.47 2.33 6 7
4 12 78 yellow 2.25 2.19 7 9
5 12 58 white 2.29 2.25 7 9
6 10 41 white 2.40 2.25 6 8
**** 11.33±1.0 53.3±14.65 **** 2.35±0.09 2.25±0.06 7±0.9 8.7±1.03

Note: IT*: Initial test, FT*: Final test.

Table 2. General characteristics of the sample as well as the results of the initial and final tests of the two tests (speed 
over 10 m and Uchi Komi by 10 seconds (Ippon Seoi Nage)) for the control group.

Subjects Ages
weight
 (kg)

Grades IT*: 10m  (s)
FT 10m 
 (s)

IT*: Uchi 
Komi

FT*: Uchi 
Komi

1 12 40 Blue 2,15 2,29 9 7
2 10 40 Green 2,70 2,71 7 9
3 12 55 Orange 2,85 2,65 7 9
4 12 45 Orange 2,60 2,50 6 6
5 12 48 White 2,81 2,86 5 8
6 10 49 white 2,53 2,60 6 7
**** 11.33±1.03 46.16±5.7 ***** 2.61±0.25 2.60±0.19 6.67±1.37 7.67±1.21

Note: IT*: Initial test, FT*: Final test.
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the initial test and the final test (p = 0.003≤0.05).
- For the control group and from Table 3, the average 
of the initial test was 2.61 ± 0.25, and the final test was 
2.60 ± 0.19, which proves a difference of 0.01, but based 
on the paired T-samples test, we can see that there is no 
statistically significant difference (p = 0.93≥0.05).

- Uchi Komi test of 10 seconds (Ippon Seoi Nage)
- For the experimental group and from Table 4, the average 
of the initial test was 7 ± 0.9, and the final test was 8.7 ± 
1.03, which proves an evolution of about 1.7 And this is 
confirmed by the paired sample T test, which demonstrates 
that there is a significant difference between the value of 
the initial test and the final test (p = 0.001≤0.05).
- For the control group and from Table 4, the average of 
the initial test was 6.67 ± 1.37, and the final test was 7.67 
± 1.21, which proves a difference of the order of 1, but 
based on the T-test of paired samples, we find that this 
evolution is not statistically significant (p = 0.23≥0.05), 
and thereafter it is not considerable.

Discussion
According to Table 1 and 2, the experimental group 

and the control group have the same middle age (11.33 ± 
1.03), and this was part of the sample choices in order to 
have the same starting conditions for both study groups.

According to both Tables 3 and 4, comparing the 
results of the initial test (2.35 ± 0.09) and final test 
(2.25 ± 0.06) for the test of speed of 10 meters for the 
experimental group, we manage to have an evolution of 
the order of 0.1 (s), and this is was confirmed by the T-test 
of paired samples, which shows that there is a significant 
difference between the value of the two initial and final 
tests (p = 0.003≤0.05). The same result was recorded for 
Uchi Komi test (p = 0.001≤0.05), between the initial test 
(7 ± 0.9) and the final test (8.7 ± 1.03), while in the control 
group the results for either the 10m speed test or Uchi 
Komi test are not significant respectively (p = 0.93≥0.05), 
(p = 0.23≥0.05).

These encouraging results can only be explained by 
the effectiveness of the training program developed and 
applied during the experimental period (12 weeks), and of 
course by the impact of coordination on the development 
of physical qualities, and this was widely discussed 
in several scientific articles on judo and other combat 
sports: fencing [12-15], judo [16-18], wrestling [19, 20], 
kickboxing [21, 22], taekwondo [19, 21, 23], but other 
authors put forward very different and different opinions 
regarding the experimental data on the importance of 
particular coordination in combat sports, a researcher 
named Petrow in 1997 [24], claims that no scientist has 
further determined the structure of coordination motor 
skills that significantly affect performance in certain 
combat sports.

Conclusion
The development of physical qualities is still the 

primary goal of coaches; however, this development is 
more decisive for young athletes. Our study has shown 
that a coordination training that is age adapted can help 
coaches better develop a number of qualities namely 
speediness.
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Contributions of the authors
All the authors contributed to the conduct of this work.

Conflicts of interest
The authors declare no conflict of interest.

Table 3. Comparison of the initial and the final test of 10m speed test between the two groups

Experimental Groupe Control Groupe 

Initial test Final test Sig* Initial test Final test Sig*
A*± Sd* A*± Sd* 0.003 A*± Sd* A*± Sd* 0.93
2.35±0.09 2.25±0.06 2.61±0.25 2.60±0.19

Note: A*: average, Sd*: standard deviation Sig*: signification. 

Table 4. Comparison of the initial and the final test of Uchi Komi test of 10 seconds (Ippon Seoi Nage) between the 
two groups

Experimental Groupe Control Groupe

Initial test Final test Sig* Initial test Final test Sig*
A*± Sd* A*± Sd* 0.001 A*± Sd* A*± Sd* 0.23
7±0.9 8.7±1.03 6.67±1.37 7.67±1.21

Note: A*: average, Sd*: standard deviation Sig*: signification. 
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