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Abstract: The paper wants to present the importance of performing 
neuromuscular training in order to permanently maintain a form of high fitness 
throughout the competitive period. The aim of this work was to verify the effects of 
training on neuromotor variables in young volleyball athletes at different times of 
the program. The hypothesis of the study starts from the fact that further 
investigation together with the realization and application of a training program, 
will contribute to the achievement of training fitness during competitive periods. The 
outcomes of implementing this training regimen with young female volleyball 
players underscore the suitability of engaging in competition during their initial 
phase.  
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1. Introduction 
 
The participation of sports children or 

young people in sports activities creates a 
physical, affective, cognitive and 
emotional development, when they are 
introduced in specialized programs, in a 
correct, appropriate way [10]. 

Carrying out specialized and intense 
training in order to increase their ability to 
participate in important competitions is a 
permanent concern of all sports science 
specialists [13]. 

During this period, several physical, 
psychological and psychosocial changes 
and peculiarities appear that can have 
consequences on the body, which can 
make changes on the athlete's abilities. 

That is why this period must be extremely 
well used and oriented towards 
consolidating and perfecting the 
technique, which needs a good base of the 
specific physical condition [19]. 

Even under these conditions, more and 
more athletes are specialized from a 
young age in a single sports branch, 
without having a multilateral sports 
training, which would help them to 
develop fundamental skills, to form an 
extremely large motor baggage, which to 
help them achieve diversified sports skills 
[13]. 

It is the time to develop all physical 
skills, through systematic and rational, 
pedagogical actions, which must not lead 
to the development of another motor 
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function of the athlete. The pedagogical 
action of developing physical skills 
contributes to the major emergence of 
one of them [3]. 

Studies have shown the importance of 
resistance development at the age of 
puberty, because it presents an important 
anatomical change, namely the 
development of heart volume, which 
shows the possible improvement of motor 
resistance, mainly of cardiorespiratory 
type, at that age level [14]. 

That is why young athletes, who start 
strength training, without an experience 
that allows neuromuscular control when 
performing basic movements, from the 
point of view of biomechanics, can lead to 
poor performance, and can even cause 
damage to the skeletal muscles [6]. 

All these things highlight the necessity 
and importance of carrying out training 
programs aimed at the neuromuscular 
growth of young athletes, with the aim of 
increasing muscle strength and power, 
extremely useful in the development of 
speed and explosion in executions [11] 

Due to the increased demands of 
technical training and competition, in-
season strength and conditioning 
programs are often designed to maintain 
adequate levels of strength and power 
over several months. [5] 

From the point of view of tasks and 
training methods, during adolescence, 
tasks approximately equal to those of 
adults can be used, but adapted to their 
performance capacities, because it is the 
age of the growth period, where the 
cartilages of the bone epiphysis can suffer 
damage [9]. At this level, an increased 
volume of work and a moderate intensity 

must dominate, based on a continuous 
increase in the loads in strength training. 

So it is observed that there are positive 
effects on strength and endurance indices, 
in athletes who pass from the adolescent 
phase to the adult phase, based on well-
structured training programs. 

The purpose of this study is to analyze 
the application of a specific 
neuromuscular training program, based 
on changes in maximal oxygen 
consumption and based on vertical 
jumps, specific to the game of volleyball, 
in female U16 athletes (15-16 years old). 

 
2. Material and Methods 

 
The method of studying specialized 

literature 
The method of observation 
The method of tests and measurements 
- Motor ability tests 
- Tests aimed at the development of 

functional capacity 
The method of pedagogical experiment 
The statistical-mathematical method of 

data processing and interpretation 
The method of graphic representations 
In order to optimize the physical training 

of the junior volleyball players and the 
optimal utilization of the performance 
capacity, an experiment was carried out 
based on the use, in the training of the 
national team, of an adapted 
neuromuscular program. 

The sampling was made from the 
athletes of the U16 national team, who 
trained in the Izvorani Olympic Sports 
Complex, with the aim of qualifying for 
the European Championship in Hungary, 
2023. 
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These sportswomen started practicing 
volleyball as a game, around the age of 
9.3 (± 2.7) years, and the start of 
volleyball training took place at 10.4 (± 
1.0) years and the number of 
participation at National Championship 
competitions was 4.0 (± 0.8) events by 
the start of this study. 

During the preparation for the national 
team, the specific training consisted of 
jumping, throwing the medicine ball and 
exercises with weights in the fitness room, 
along with technical and tactical training 
on the field, as a result of the periodicity 
proposed by the technical team. 

The structure of the adopted training 
periods was based on well-known 
international theories (Bompa, T., 2002) in 
which the annual training cycle is divided 
into three periods: the preparatory 
period, in which the development of 
sports ability is aimed at; the competitive 
period, which aims to maintain sports 
ability, and the transition period, i.e. the 
moment when a decrease in sports 
activity is observed. 

The training macrocycle was developed 
with the aim of reaching the peak of 
sports fitness at the end of the training 
period, ending with the participation in 
the European Championship 
qualifications. 

The methods and procedures for 
improving the general motor capacity 
used in the preliminary research were: 
 
2.1. Method of explosive type efforts 

(power training) 
 
This method aims to develop the force 

in the speed regime (relaxation). 

The method assumed the performance 
of all exercises and repetitions at 
maximum speed, the loads used in this 
method were between 75-95% of the 
possibilities with 6-8 series of 3-6 
repetitions, (heart rate reaches high 
values 190-200 beats / minute). 

The breaks between exercises were 2-3 
min. and between series of 3-5 min. After 
the breaks, the pulse returned to the 
initial values. 
 
2.2. Plyometric training 

 
Plyometrics exercise is used to produce 

fast and powerful movements, to improve 
nervous system functions (muscle reaction 
time) and to improve sports performance. 

To determine the maximum oxygen 
consumption (VO 2 max), the 1,000 
meters test of the Klissouras protocol was 
used [8], and to assess the vertical jump, 
the relaxation measuring device was used, 
with the jump from place, specific to the 
block and with momentum, specific to the 
attack shot. 

 
3. Results 

 
Table 1 shows the mean values and 

standard deviations (SD) of the 
performances of the vertical release with 
momentum (attack), the vertical release 
from the place (blocking) and the 1000 m 
run, to which the maximum VO2 
calculation is added, in initial and final 
testing. 
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  Table 1 
Mean and standard deviation in vertical jump and 1000 m 

 

Assessments for initial and 
final test 

Initial test Final test 

Attack range 2,66 ± 0,09 2,71 ± 0,09 
Blockage 2,54 ± 0,10 2,56 ± 0,10 
1000 m 315,50 ± 15,5 327,80 ± 20,5  
VO2 max 49,30 ± 2,5 50,30 ± 3,1 

 
There was a significant increase in the 

block and attack interval test at the final 
test (p< 0.05) but in the other 
measurements. 

 
The statistical results of the vertical jump test                            Table 2 

 
Variable P value (T1 x T2) 
Attack range 0,58 
Blockage 0,58 
1000 m 1,00 
VO2 max 1,00 

 
Table 3 shows the absolute and 

percentage values between the training 
periods, which were realized with the 
means chosen for those periods, where 

the preparatory period was not included, 
because the athletes came from the 
championship period. 

 
               The differences between absolute values and percentages                     Table 3 

                                          between the two periods 
Phases 
Tests-Differences 

Specific training 
Abs                % 

Competitive training 
Abs                % 

Attack range 0,07           2,34% 0,07           2,34% 
Blockage 0,08           2,75% 0,08           2,75% 
1000 m           6,45            2,04% 6,27           1,84% 
VO2 max           0,95            1,90% 0,91           1,83% 
 
4. Discussions 

 
The trends of the last period regarding 

the achievement of high quality technical 
executions at the level of juniors, 
volleyball, require, in addition to the 
technical-tactical component, a good 
physical training that is the basis for 
supporting performance and efficiency. 

 

 
 
The objectives of general physical 

training aim at maintaining the motor 
indicators at the level of the development 
norms of each individual, hardening the 
body through diversified methods and 
means, recovering the body through 
means and methods in natural 
environments, developing the motor 
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capacity at the level required by the social 
model.  

Motor competence is a significant 
indicator in analyzing high-level sports 
performance [18]. 

Furthermore, the stability of motor skill 
levels in childhood may have implications 
for talent identification as well as 
potential health benefits across the 
lifespan [4]. 

The performance test, for the vertical 
release, showed a significant difference of 
p<0.01 comparing the initial tests, and for 
the attack shot there were no significant 
differences. 

These results are consistent with other 
studies [15], which showed the same 
characteristics in female athletes between 
the ages of 15.8 years and 17.1 years. An 
increase in performance was found in 
each test and especially throughout the 
macrocycle and especially when 
performing the block compared to the 
attack shot, which did not present 
significant differences. 

In the general preparation phase, the 
training is based on multiple jumps, which 
would lead to a higher growth, later in the 
macrocycle, but this phase is carried out 
at the clubs where the athletes come 
from. This was the basis of the 0.05 
difference increases in the attack and 
block tests, because this is due to the 
improvement of coordination within the 
muscle, based on the contraction effect. 
This fact is reinforced by Ugrinowitsch and 
Barbanti 1998 [17] - proponents of 
incorporating more jumping suggests is 
that it improves coordination and 
increases the muscular system's ability to 
generate force quickly. 

The low experience at this age 
sometimes explains the differences 
between the performances achieved in 

the blocking and attacking actions, 
because work is still being done on the 
automation of the coordination elements 
involved in these two actions specific to 
the game of volleyball. In 1996 Smith 
shows that the automation and 
refinement of jump biomechanics is one 
of the key components that achieve an 
increase in vertical release ability. 

That's why plyometric exercises, along 
with strength development, are what 
develop the vertical jump both when 
blocking and when attacking. 

During the competitive period, the 
accumulations from the preparatory 
period at the clubs were preserved and 
maintained, through certain squat 
exercises on the bar and together with the 
specific technical-tactical training; 
therefore an improvement in jumping 
performance was achieved. 

Bompa 2003 [2], claims that the 
adaptation process in sports activity is not 
limited only to the increase of driving 
force, but also to the abilities of the 
superior athlete to use this power 
effectively. 

So I think it would be correct to say that 
it is essential to use an increased power, a 
maximum force, which leads to an 
improvement in coordination, by 
increasing the speed of contraction.  

Regarding aerobic endurance, there 
were percentage increases, but 
insignificant, because the vast majority of 
athletes had not completed this 1000m 
test, which led to these values. After it 
was done a few times, they understood 
how to dose your effort in order to 
perform this test in optimal conditions 
and achieved better values. 

Filin, 1996, [3] says that at the age of 15, 
girls are in a difficult period to develop 
general aerobic endurance, and in order 
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to achieve significant values, you need to 
do it at least three times. 

Regarding aerobic power, the values of 
49.3 and 50.3 ml/Kg/min found in the 
evaluations showed increased values, than 
other researchers, who studied the 
phenomenon, but did not present 
significant differences. 

Studies have shown that for tennis, 
volleyball and football, the recovery 
period is longer than during the exercise. 

 
5. Conclusions 

 
The findings of this study indicate that 

neuromuscular training promotes 
significant gains in motor competence and 
physical performance in female U15 
volleyball players. 

Following the implementation of the 
operational approach, the main 
conclusion is that the preliminary general 
hypothesis was confirmed, namely that 
the application of a specific 
neuromuscular training program, based 
on changes in maximum oxygen 
consumption and based on vertical jumps, 
specific to the game of volleyball, in 
sportswomen U16 cadets (15-16 years 
old), create the conditions for achieving 
efficiency in the game. 

The application of a training program for 
U15, in volleyball, highlights the obligation 
to participate in all competitions provided 
by the competition system. 

The variety of training methods, means 
and materials also determined the 
optimization of the motor and functional 
capacity of the U15 volleyball players, 
which determined and instilled a much 
more active participation among the 
athletes, due to the great variety of means 
of operation, as well as the degree of their 
attractiveness. 

These programs must take into account 
the fact that these athletes still need 
neuromuscular skills. In this sense, the 
science of training has a relevant role in 
maintaining the health of athletes, 
allowing a greater modernization of the 
structure towards more intense 
competitive phases. 

Based on the results observed in this 
study, we can see that the training carried 
out at the clubs, during the general 
training period, generated increases in the 
jumping, blocking and attack indices, and 
in the pre-competitive period an 
increasing trend, but constant and more 
small, compared to the previous one. 

During the competitive period, it was 
observed the continuation of the 
constancy of the values from the pre-
competitive period, but due to the 
improvement of the biomechanics of the 
jump, first in stable conditions and then in 
competition conditions, an increase in the 
value of the jump for the attack shot and 
blocking was observed, but also an 
increase in the effectiveness of these 
procedures, based on the increase of 
resistance in the jumping regime, of 
sportswomen. 

For the efficiency of the 1000 m test, it 
turned out that it is extremely important 
that it is known, that it has been used at 
least three times, for the sportives to 
realize the perception of the speed 
rhythm, and to lead to a constancy of its 
realization. 

Our results support that female U15 
athletes should first build an important 
foundation by developing movement 
competence, then build and enrich 
volleyball-specific skill sets. 

This study highlights the potential of 
using neuromuscular training in 
conjunction with volleyball training as a 



A.M. COJOCARU et al.: The Effects of Neuromuscular Training in the Maintenance of … 7 

useful, time-efficient and practical mode 
of exercise to improve movement 
competence along with physical 
performance.  
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