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Abstract: Background. This study investigates the outcomes of psycho-neuro-motor control training sessions conducted 
with junior basketball athletes, employing a Conditions Simulator for Water Sports (C.S.N. Simulator). The primary aim 
of the program was to enhance movement control during the vertical jump and to optimize execution quality. Although 
symmetry analysis was not a predefined objective, observations revealed modifications in lower-limb symmetry as a 
result of the psycho-neuro-motor control interventions. Building on our previous findings that control asymmetry in 
ankle joint extension varies with execution speed, this study further explores the dynamics of symmetry and asymmetry 
under different motor demands. 
Methods. A case study was conducted on a junior basketball athlete, focusing on the emergence of movement 
symmetries and asymmetries following training with the C.S.N. Simulator. Collected data enabled the assessment of the 
dynamics of symmetry and asymmetry in the triple extension movement, offering insights into the coordination of both 
lower limbs under varying performance demands. 
Results. Findings indicated that lower-limb control during the triple extension is influenced by execution speed, with 
evidence of differential adaptations in response to increased velocity demands. 
Conclusions. The study highlights new research avenues regarding the dynamics of symmetry and asymmetry in motor 
control, both in additional movement patterns and across diverse athletic populations. Future investigations extending to 
upper-limb movements and athletes from other sports disciplines may contribute to the development of training 
strategies aimed at optimizing asymmetries and, ultimately, enhancing athletic performance. 
Keywords: interlimb asymmetry, psycho-neuro-motor control, execution speed, basketball performance 

 
Introduction 
In neuroscience, symmetry and asymmetry are 
closely linked to the brain's hemispheres 
(Hugdahl, 2005). Corballis argues that the 
perception of the brain as symmetrical stems from 
the symmetry of the body's limbs, but this view is 
inaccurate (Corballis, 2020). Furthermore, Toga & 
Thompson highlights that the brain's two 
hemispheres have distinct anatomical functions, 
with lateralization involving a combination of 
evolutionary, developmental, and pathological 
factors (Toga & Thompson, 2003). Hugdahl 
supports this, emphasizing that despite the 
appearance of symmetry, brain function is 
inherently asymmetric (Hugdahl, 2005). A simple 
example of this is the prevalence of right-
handedness, with only 12% of the population 
being left-handed (Corballis, 2020). Auerbach 
also observes bilateral asymmetry in humans, 
noting right-side dominance in the upper limbs 
and a left-foot preference for the lower limbs 
(Auerbach, 2006). 
Lateralization is common in sports, where 
dominant sides are often chosen based on 

individual preferences and the sport’s 
requirements (Maloney, 2019). Castañer 
emphasizes that lateralization is integral to 
technical, tactical, and psychological training in 
athletes (Castañer, 2018). Wang finds that about 
90% of people favor their right hand, 80% their 
right foot, and 70% their right eye (Wang, 2018), 
with these preferences beginning in childhood 
(Streri & de Hevia, 2015). Caplan notes that the 
right hand generally outperforms the left in object 
handling tasks (Caplan, 1976). Furthermore, Wang 
suggests left-handed athletes may have an 
advantage in sports, as they present less common 
challenges for opponents (Wang, 2018). 
In certain sports, such as basketball, ambidexterity 
is essential for professional athletes (Čvorović, 
2012), as it allows for greater flexibility and 
effectiveness. Krzykała and Croitoru highlight 
that athletes in unilateral sports often exhibit more 
pronounced asymmetries between limbs 
(Krzykała et al., 2023; Croitoru, 1999). 
Asymmetry levels also differ based on the 
athlete’s training duration, with professional 
athletes showing more significant asymmetries 
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(Hart, 2016). Maloney argues that these 
asymmetries are adaptive but can increase with 
long-term training (Maloney, 2019), especially in 
complex movements like shooting (Castañer, 
2018). 
Functional asymmetry has both positive and 
negative effects on performance (Khudik, 2018). 
Training the non-dominant side can reduce 
asymmetry and improve performance. In 
basketball, for instance, training both sides 
ensures more efficient movement execution, 
making the athlete more unpredictable. Lower 
limb asymmetry, resulting from strength or power 
differences between the legs, is influenced by 
factors like gender, prior injuries, and sport-
specific demands (Guan Y, 2021; Cone, 2021). 
Our previous studies on ankle joint extension 
movements revealed that control asymmetry 
changes with speed. At higher speeds, the non-
dominant leg often becomes dominant, possibly 
due to a preference for the leg opposite the 
dominant hand, while the dominant leg is favored 
in slower, strength-based movements. As speed 
increases, control diminishes, leading to more 
ballistic and less controlled movements, 
suggesting that the athlete’s control capacity is 
exceeded (Iacobini, 2025). These findings 
underscore the need for further research on the 
relationship between asymmetry and speed to 
optimize training strategies, enhance athletic 
performance, and reduce the risk of injury. 
 
Materials and Methods 
This study was conducted through the 
implementation of psycho-neuro-motor control 
training using the "C.S.N. Simulator for Nautical 
Sports" (hereinafter referred to as the C.S.N. 
Simulator), chosen for its ability to adhere to the 
fundamental principles of simulators, according to 
Nicu Alexe's theory.  
The C.S.N. Simulator represents a specialized 
system, as described by Angelescu, which 
integrates a hardware component (including an 
inertial disk, force sensors, an electromagnetic 
braking system, and a computer) and a software 
component (Angelescu, 2014, p. 118). This 
structure adheres to the five fundamental 
principles for designing, implementing, and using 
testing and training equipment, thus facilitating 
direct interaction between the athlete and the 
simulator. Through the simulator, the athlete can 

visualize a graphical model of the movement on 
the computer screen, with the ability to monitor 
and control in real time the level of force applied 
during a specific movement, adjusted for different 
resistance modes (Angelescu, 2014, p. 118). This 
process is tailored according to the specific 
objectives of the training program. 
These principles include ensuring precise 
measurement conditions and providing real-time, 
relevant information. 
The basic principle, "Creating measurement 
conditions", refers to the fact that in order to 
measure various parameters such as force, 
acceleration, speed, displacement, and time, 
specific transducers are required to continuously 
or intermittently collect information about these 
factors (Nicu, 1993). The basic principle, 
"Instantaneous provision of information", involves 
equipping the system with capabilities for 
numerical display of values, visualization of 
parameter variation curves, optical or acoustic 
alarms, computers, projection screens, etc. (Nicu, 
1993). 
The case study focused on an athlete from a 
performance basketball team in Bucharest, a 
member of the U16 National Basketball Team, 
who followed a psycho-neuro-motor training 
program aimed at improving vertical jump height. 
The program was conducted on the C.S.N. 
Simulator during the qualification stage for the 
higher rounds of the National Championship. 
The athlete participated in a five-day consecutive 
training program on the C.S.N. Simulator, initially 
focusing on developing control of movements 
specific to the vertical jump and improving its 
quality. Within this program, the opportunity arose 
to analyze patterns associated with the dynamics 
of asymmetries between the lower limbs, in the 
context of a symmetrical movement influenced by 
its execution speed. 
Thus, the athlete performed an exercise targeting 
triple extension movement, conducted from a 
lying position on the simulator bench, with the 
knees pulled to the chest and the simulator's 
straps attached to the soles of the feet (as shown 
in Figure 1). The exercise involved pushing 
through the heels simultaneously with leg 
extension, followed by an explosive movement 
from the toes achieved through the extension of 
the foot from the ankle joint. 
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Figure 1. The execution technique of the triple extension exercise 

 
The control load set for the execution of this 
exercise is 4 daN (equivalent to 4.07 kg-force), 
which is considered a low force load, as the main 
objective of the training is to develop control 
rather than increase strength. 
The execution speed of the exercise follows a 
progressive increase according to a standardized 
protocol, as follows: 
- Training 1 (T1): the athlete performs 150 
repetitions alternating leg movements at a low 
speed, with the simulator’s brake intensityset at 
90%, that results in an average execution speed of 
0.06 m/s.  
The C.S.N. simulator is equipped with an 
electromagnetic braking system. To achieve 
speed-dependent nonlinear braking, a setup was 
implemented to link the average intensity of the 
magnetic field to the speed. At 100% intensity, the 
magnetic field is continuous, while at lower 
values, a fluctuating magnetic field is generated, 
with its intensity expressed as a percentage of the 
maximum possible value. Consequently, the units 
representing the selected braking intensity are 
expressed as percentages relative to the maximum 
achievable magnetic braking field intensity. 

- Training 2 (T2), the exercises involve 
simultaneous movement of both legs, maintaining 
the same low speed used previously, resulting in 
an execution speed of 0.11 m/s.  
- Training 3 (T3), the brake intensity is reduced to 
50%, which forces the athlete to accelerate the 
movements to maintain the control load on the 
pre-established graphical model, thereby creating 
a perception of increased speed up to an average 
execution speed of 0.17 m/s.  
- Training 4 (T4), the brake intensity is reduced to 
30%, requiring faster reactions and further 
increasing the execution speed to an average of 
0.30 m/s.  
- Training 5 (T5), the brake intensity remains at 
30%, but a speed imposed by the simulator’s 
motor is added, set at 0.5 m/s. This setting ensures 
a minimum execution speed provided by the 
simulator, so the athlete does not need to exert 
effort to reach it, but must generate additional 
force to exceed this value. This context introduces 
the athlete to an execution framework at higher 
speeds, amplifying the degree of difficulty and 
coordination demands, with execution speed 
reaching an average of 0.55 m/s  

 

 
Figure 2. Real-time display of the movement curve 
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To achieve the set tasks, the athlete follows a 
reference curve displayed on the monitor, as 
shown in Figure 2, used as a model that supports 
the development of movement control. Attention 
is focused on the quick and controlled initiation of 
the movement, maintaining it according to the 
preset model, and completing it explosively. 
Results 
Next, our analysis will focus on the dynamics of 
symmetries and asymmetries observed during the 
psycho-neuro-motor control training, correlated 
with variations in execution speed on the triple 
extension movement. The observations are based 
on the data obtained from the implementation of 
the previously described training program. This 
analysis aims to highlight the impact of speed on 
balance and inter-limb coordination, providing a 
deeper understanding of the motor adaptation 
processes within the context of specific training. 
1. Training 1 (T1), alternate execution at 
low speed (simulator’s brake intensity 90%) 
As shown in Figure 3 (where OY axis represents 
the position, calculated in meters [m], and OX 

axis represents the force calculated in decanewton 
[daN]), control of the movement of the two legs, 
at this low speed (as shown in figure 4, where OY 
axis represents the position, calculated in meters 
[m], and OX axis represents the speed, calculated 
in meters per second [m/s]), in an alternating 
pattern, is quite symmetrical, both limb’s control 
being very close to the model requested to be 
followed by the athlete (the red horizontal line set 
at 4 daN, as imposed by the training protocol). 
The graphical expression of the relationship 
between force and position in the movements 
executed with both legs is relatively symmetrical 
in all three moments (1.1, in figure 3, representing 
the beginning of the movement, the first “push” 
movement from the heels, 2.1, representing the 
control of the movement as the legs are extending 
and 3.1, representing the final moment of the 
movement, the “explosive” part made from the 
toes, through the extension of the foot from the 
ankle joint) in the figure, with no significant 
differences, regarding asymmetries, between 
them. 

 

 
Figure 3. Force in terms of position (T1) 

 

 
Figure 4. Speed in terms of position (T1) 

 
2. Training 2 (T2), simultaneous execution at low 
speed (simulator’s brake intensity 90%) 
As the training progressed to simultaneous 
execution, with both feet moving at the same time 
at low speed (as shown in Figure 6), control 
asymmetry became evident, as it can be seen in 
Figure 5. The right foot (red lines) is dominant, 
both at the start of the movement (marked as 1.2 
in Figure 5), throughout (moment 2.2 in Figure 5), 
and at the end (marked as 3.2 in Figure 5). The 

athlete exceeds the force load requested by the 
model, which suggests that they were unable to 
control the movement towards the end, 
performing what seems to be a "ballistic" motion 
where their feet actually hit the bench at the end 
of the movement. In contrast, the left foot (green 
lines) shows a significantly shorter movement 
compared to the right foot, and the "explosive" 
moment at the end of the movement is 
uncoordinated and slow. 
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Figure 5. Force in terms of position (T2) 

 

 
Figure 6. Speed in terms of position (T2) 

 
3. Training 3 (T3), simultaneous movement 
with 50% simulator’s brake intensity, providing 
the athlete with a sense of increased movement 
speed 
When the simulator's brake intensity is reduced to 
50%, leading to an increase in execution speed, as 
shown in Figure 8, we can observe that the athlete 
is able to transmit the command to the muscles 
more quickly on the left leg (the beginning of the 
movement, marked as 1.3 in Figure 7). The left 
leg reaches the model almost immediately at the 
start of the movement, whereas the right leg 
requires significantly more time to control the 

movement during the initial phase. This contrasts 
with the previous day, where, during the slower 
movement, the command was initiated much more 
rapidly with the right leg (red lines). 
The end of the movement (marked as 3.3 in 
Figure 7) remains consistent with the previous 
day, with the right leg being the dominant one, 
exhibiting an excess of force due to the 
uncontrolled nature of the movement. However, it 
is important to highlight that, overall, the 
movement is much better controlled with both 
legs compared to the previous day. 

 

 
Figure 7. Force in terms of position (T3) 
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Figure 8. Speed in terms of position (T3) 

 
4. Training 4 (T4), simultaneous movement 
with 30% simulator’s brake intensity, providing 
the athlete with an even greater sense of increased 
movement speed. 
On the fourth day of training, when the brake 
intensity is reduced to 30% intensity, leading to an 
increase in execution speed compared to the 
previous day, as shown in Figure 10, there is once 
again a fluctuation in the command at the 
beginning of the movement compared to the 
previous day (marked as 1.4 in Figure 9). The 
right leg executes the control task more quickly; 

however, interestingly, during the movement 
(marked as 2.4 in Figure 9), it fails to maintain 
control with the right leg, showing a drop below 
the established control force. The left leg (green 
lines) demonstrates better control of the 
movement than the right leg (red lines). 
Nonetheless, at the end of the movement (marked 
as 3.4 in Figure 9), the athlete returns to the 
explosive action of the right leg as dominant, 
though still less controlled, as seen in the previous 
days. 

 
 

 
Figure 9. Force in terms of position (T4) 

 

 
Figure 10. Speed in terms of position (T4) 
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5. Training 5 (T5), simultaneous movement 
with 30% brake intensity and a motor speed of 0.5 
m/s, providing the athlete with an even greater 
sense of movement acceleration compared to the 
previous day. 
In the final training session with increased speed, 
as shown in Figure 12, the simulator's brake 
intensity was set at 30% and the motor speed was 
set at 0.5 m/s. The trend observed in the previous 
session persists, with an even greater lack of 
control in the left leg (green lines), as visible in 

Figure 11. There is also a noticeable lack of 
anticipation in the movement between the start 
(marked as 1.5 in Figure 11) and the continuation 
(marked as 2.5 in Figure 11), the fluctuations of 
control being visible between the limbs, as shown 
in Figure 11. 
Additionally, the end of the movement (marked as 
3.5 in Figure 11) reveals an intense asymmetry in 
control between the two legs, with the left leg 
entirely lacking the "explosiveness" required for 
the execution of the movement. 

 

 
Figure 11. Force in terms of position (T5) 

 

 
Figure 12. Speed in terms of position (T5) 

 
 
Discussions 
To provide an overview of the symmetry and 
asymmetry dynamics displayed by the athlete, we 
have created a graph illustrating their 
performances during the symmetric load training 
sessions. 
Figure 13 illustrates the differences in force 
generated by the two lower limbs during 
symmetric training exercises. Each training 
session is represented graphically by a distinct 
color corresponding to a specific combination of 
speed and simulator brake intensity: blue 

represents T2, yellow represents T3, green 
represents T4, and red represents T5. On the 
graph, the force exerted by the right leg is 
represented on the OY axis (measured in daN), 
while the force from the left leg is placed on the 
OX axis, using the right leg force as a 
comparative reference. This representation 
facilitates the visualization and analysis of how 
the two limbs coordinate and adjust during the 
training sessions, depending on the gradual 
increase in speed and reduction of resistance level. 
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Figure 13. Dynamics of symmetry during the four symmetric training sessions 

 
As observed in Figure 13, the dominance of 
movement control between the lower limbs 
changes depending on the working speed. Over 
the course of the five training days, important 
changes were noted in the dynamics of movement 
control and the relationship between the dominant 
(right) and non-dominant (left) leg. On the first 
day, at a low speed with alternating movements 
(brake intensity set to 90%), the athlete 
demonstrated a balanced control between the two 
legs, with relatively symmetric movements and no 
significant differences in force or coordination. 
However, the transition to simultaneous 
movements on the second day, while maintaining 
the same speed and brake intensity conditions, 
highlighted a clear asymmetry: the dominant right 
leg exhibited an excess of force, especially 
towards the end of the movement, indicating a 
lack of control, while the left leg showed a 
reduced range of motion and a slower, less 
explosive execution. 
As the execution speed increased by gradually 
reducing the brake intensity (50% on the third day 
and 30% on the fourth and fifth days), the athlete 
showed partial adaptation of control but also 
fluctuations between the two legs. On the third 
day, the left leg managed to initiate the movement 
faster than the right leg, marking an improvement 
in motor command transmission. However, the 
end of the movement remained dominated by the 
excess force of the right leg. On the fourth day, 
with an even higher speed, the right leg executed 
the initial task more rapidly but lost control during 
the movement, while the left leg demonstrated 
evident progress in stabilizing the movement. On 
the final day, with an increased motor speed of 0.5 
m/s, the asymmetries were amplified: the left leg 
displayed a lack of anticipation and a decrease in 
the final explosive phase, while the right leg 
remained dominant but with a less controlled 
execution. These results indicate both a 

progressive adaptation to increasing speed and a 
persistence of asymmetries in control between the 
two limbs, particularly under high-intensity and 
complexity conditions. 
Conclusions 
Our study focused on the dynamics of symmetry 
and asymmetry recorded during psycho-neuro-
motor control training, correlating these aspects 
with variations in execution speed. Our 
observations, based on the data collected through 
the implementation of the described training 
program, revealed that with the progressive 
increase in speed, significant changes occurred in 
the balance and inter-limb coordination. 
Thus, under conditions of low speed and 
alternating movements, movement control was 
relatively symmetric, indicating balanced 
execution. As the athlete transitioned to 
simultaneous movements and the simulator's 
brake intensity was reduced, increasing the 
execution speed, asymmetries became more 
pronounced. The dominant right leg showed an 
excess of force, particularly at the end of the 
movement, while the left leg demonstrated slower 
and less explosive execution. In the final stages of 
training, with maximum speeds, the right leg 
remained dominant but showed a loss of control 
during the movement, while the left leg exhibited 
a lack of anticipation and final explosion. 
The results underline the significant impact of 
speed on motor control and inter-limb balance, 
highlighting the processes of specific adaptation 
and associated challenges. The analysis of the 
dynamics of motor symmetries and asymmetries 
contributes to the optimization of future training 
programs aimed at improving coordination and 
balance in movements. These observations have 
opened new avenues for further research, not only 
in other exercises and basketball athletes but also 
in the context of extending the research to upper 
limbs and athletes from other disciplines. We 
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believe these results provide an important starting 
point for future studies aimed at optimizing 
asymmetries in sport, with the goal of enhancing 
athletic performance. 
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