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Abstract: This study aimed to investigate the relationships between peak take-

off force, maximum center of mass height, and blocking performance accuracy in 

volleyball middle blockers under different movement conditions. A 

biomechanical approach was adopted to analyze two players (youth and elite) 

using a force platform and motion capture system. Three experimental 

conditions were applied: static blocking, movement from the right side, and 

movement from the left side. Peak instantaneous leg force during the take-off 

phase and maximum center of mass height during flight were measured, 

alongside block accuracy scores. The results revealed that the elite player 

demonstrated consistently higher values in peak force, jump height, and blocking 

accuracy across all conditions. Significant positive correlations were found 

between peak force and maximum height, as well as between maximum height 

and blocking accuracy in all tests for the elite player. In contrast, the youth player 

showed significant correlations only when approaching from the right side, 

which was attributed to greater force production by the dominant leg, while non-

significant relationships were observed in the static and left-side conditions. The 

findings indicate that peak take-off force is a critical determinant of vertical jump 

height, which in turn directly influences blocking performance. Additionally, 

asymmetry in force production between legs negatively affects performance 

consistency in less experienced players. In conclusion, enhancing lower limb 

explosive strength—particularly in both legs—is essential for improving jump 

height and blocking effectiveness in volleyball middle blockers. 

Keywords: Volleyball Blocking, Biomechanics, Peak Force, Jump Height, Middle 

Blocker, Force Platform, Performance Analysis 

Introduction 

The study and biomechanical analysis of sports skills lead to objective and precise 

results that contribute to developing skill performance across all individual and team 

sports and athletic events (Qadoori et al, 2025). Volleyball is a sport with one of the 

broadest distribution all over the world and now it is as popular as other big sports like 

football, basketball and handball (Ghanem et al, 2025). 

Volleyball has six fundamental skills of which some are offensive, and some 

defensive. The first line of defense in volleyball is the capability to block and it has a 

direct impact on whether one is capable of stopping a volley by the opponent and 

manages to get a direct point (Ismaeel et al, 2020). It is usually done with the swing 
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sideways, when the player runs along the net as the ball of the opponent approaches 

him and by changing the playing positions (2, 3, 4), the player prevents the attack. 

Nevertheless, the skill may also be achieved with no lateral movement, but being 

stationary (Ismaeel et al, 2025). 

The maximum force per instant produced by the legs is among the most 

important biomechanical variables that performance in this skill during the take-off 

phase. It aids in moving the body to give optimum vertical height thus making it possible 

to perform the block better (Hashim et al, 2025). The blocking skill requires training 

based on modern scientific principles grounded in the results of motion analysis, which 

aids in detecting technical errors using various measurement devices (Jihad et al, 2025). 

Therefore, this study sought to investigate the correlational relationships between 

biomechanical variables and the accuracy of the blocking skill among (Middle Blocker) 

players from three different stances (Hamid et al, 2025)  

Methodology 

Study problem 

The research problem consists in the performance of youth (Middle Blocker) 

players at the stage of official match. One of the factors is their failure to intercept the 

bunt of the opponent, i.e., to block the ball or slow down its speed. In many cases, the 

ball slips out of the hands of the players and the other team is credited with a point 

(Aidan Ghanem et al, 2025b). 

In addition, it was noted that majority of the points earned by the opposing team 

were as a result of position number (3) with the use of a quick attack by the (Middle 

Hitter). This represents a lapse in performance of the study sample (the Middle 

Blockers). 

As a result, players were followed on the field, and the other important 

observation was made regarding their skill technique (Ismaeel, 2024). It was observed 

that there are some players who play better on the right than left and vice versa (Qaduri 

et al, 2026). 

Therefore, this study aimed to investigate the peak instantaneous leg force values 

during propulsion. This was achieved by using a force platform to detect instantaneous 

force values when moving to the right, moving to the left, and jumping from a static 

position while performing the blocking skill (Doyle, 2004). Accordingly, the study 

examined specific biomechanical variables influencing the success of the blocking skill 

for (Middle Blocker) players (Nema & Ismaeel, 2022). The analysis of the results aims to 
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identify deficiencies in skill performance and subsequently propose logical solutions to 

help counter the quick attack from position number (3). 

Research Objectives 

1. To determine the value of the peak instantaneous force during the propulsion phase 

of the take-off when performing the individual volleyball block, on a force platform, 

with three movement stances. 

2. To determine the value of the maximum vertical height of the center of mass of the 

body during the flight phase performing the individual block, with motion capture 

and kinematic analysis, of three movement stances. 

3. The objective of the study is to establish the accuracy of the individual volleyball 

blocking of position (3) in three different movement positions. 

4. In order to determine the values of the inter-correlational relationships, as per the 

sequence of variables, between: 

a. The highest instantaneous leg force during the take-off and the highest vertical 

height of the center of body mass during the flight. 

b. The total maximum vertical height of the body center of mass in the course of the 

flight and the accuracy of the single block. 

Biomechanical Variables of the Study 

A. Peak Instantaneous Leg Force during Propulsion in the Take-off Phase 

The peak instantaneous leg force during propulsion in the take-off phase was measured 

directly for the legs from three test stances using a force platform (Ismaeel & Mustafa, 2022). 

The platform is capable of displaying the values of the instantaneous force applied to it 

directly on a computer screen, in addition to the time of force onset and its termination. The 

data can be saved in an Excel file after the completion of the test, separately for each player 
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(Abood et al, 2024). It should be noted that the unit of measurement for instantaneous force 

is the Newton (N), and Figure (1) illustrates the force platform used in the study. 

 
Figure 1. Illustrates the force platform used in the study 

 

B. Height of the Body's Center of Mass during the Jump 

The maximum height of the body's center of mass during the flight phase was measured 

by defining a point at the center of mass (the player's torso) and tracking it from the moment 

of leaving the ground (breaking contact with the surface of the force platform) until the 

moment the player's hand contacted the ball coming from the opponent's court (Tengman 

et al, 2024). It is to be noted that, the unit measurement of vertical height is a centimeter 

(cm). Motion capture and kinematic analysis on KINOVEA software version (2024.1) were 

used to perform the measurement. The method of measurement is shown in Figure (2) 

(McGrath et al, 2023). 

 
Figure 2. The maximum height of the body's center of mass during the flight phase 
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Field Research Procedures: Test Implementation Method 

The blocking skill was tested in three experimental conditions which were aimed at 

simulating certain defensive situations in volleyball (Haug & Pain, 2024). Experimental 

validity was to be guaranteed, and as much experimental control as possible gained by 

having all of the attempts executed by a ball-holding device on court of the opponent, as in 

Figure (3). The condition wise test procedures consisted of the following: 

Test One: The gamer stands on the platform and plays the blocking skill in one 

position without movement, trying to defend the ball of the opponent. 

Test Two: The gamer is located next to the platform. When the opponent player comes 

to execute the spike, the test subject takes a step to the left of the platform and the right foot 

is on the platform, then the left foot, and then executes the blocking skill. 

Test Three: The actor is in the side of the platform. When the opponent player goes to 

the ball to do the spike, the test subject takes a lateral step towards the platform, steps on 

the left leg on the platform, then the right leg on the platform and does the blocking skill. 

Each test consisted of five attempts. All balls were fixed using a ball-holding device on 

the opponent's court (Tanaka et al, 2023). The purpose of using this device was to control 

extraneous variables that could affect the test procedure. During the pilot experiment, we 

relied on a player to set the balls, and we encountered a problem in positioning the balls 

correctly opposite the force platform from which the test subject jumps after pushing off the 

platform. Due to the setter's inability to deliver the balls with high precision in terms of 

direction and height, a ball-holding device was adopted Ismaeel, S. A. (2024).  
 

 

Figure 3. 
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Results and Discussion 

Table (1) and Table (2) show the initial data of the biomechanical variables (peak 

instantaneous leg force during propulsion in the take-off phase, and maximum vertical 

height of the center of mass of the body during the flight phase) and blocking accuracy of 

the three movement stances of Player One and Player Two, respectively. Arithmetic means 

and standard deviations of all variables of the study are also represented in the tables 

(Ismaeel & Ismaeel, 2015). 

On the other hand, Tables (3) and (4) present the results of the inter-correlational 

relationships between the study variables for Player One and Player Two, separately 

(Abood et al, 2024). 
Table 1.  

Shows the raw preliminary results, arithmetic means, and standard deviations of the biomechanical 

variables and blocking accuracy for Player One – Youth Category 

 

Player One – Youth Category 
Test One Test Two Test Three 

Player on platform from static 

position 
Player moving from right side towards 

platform 
Player moving from left side towards 

platform 

Trial No   
Peak 

Instantaneous 

Propulsion 

Force (N) 

Maximum 

Center of 

Mass Height 

in Flight (c 

m) 

Block 

Accuracy Trial No   
Peak 

Instantaneous 

Propulsion 

Force (N) 

Maximum 

Center of 

Mass Height 

in Flight (c 

m) 

Block 

Accuracy Trial No   
Peak 

Instantaneous 

Propulsion 

Force (N) 

Maximum 

Center of 

Mass 

 Height in 

 Flight (c m) 

Block 

Accuracy 

1 1618 0.32 2 1 1849 0.36 2 1 1749 0.34 2 

2 1483 0.28 1 2 1850 0.38 3 2 1690 0.32 1 

3 1655 0.3 2 3 1776 0.35 2 3 1776 0.33 1 

4 1568 0.29 1 4 1940 0.39 3 4 1840 0.35 2 

5 1537 0.3 1 5 1731 0.34 1 5 1731 0.34 3 

Mean 1572.2 0.298 1.400   1829.2 0.364 2.20   1757.20 0.336 1.80 

Std. 

Dev 
67.392 0.015 0.548  79.961 0.021 0.837  55.854 0.011 0.837 

Table 2. 

Displays the raw results, arithmetic means, and standard deviation of the biomechanical variables and 

blocking accuracy of Player Two - Elite Category. 

Player Two – Elite Category 
Test One Test Two Test Three 

Player on platform from static position Player moving from right side towards platform Player moving from left side towards platform 

Trial No   

Peak 
Instantaneous 

Propulsion 
Force (N) 

Maximum 
Center of 

Mass 
Height in 

Flight (c m) 

Block 
Accuracy 

Trial No   

Peak 
Instantaneous 

Propulsion 
Force (N) 

Maximum 
Center of 

Mass 
Height in 

Flight (c m) 

Block 
Accuracy 

Trial No   

Peak 
Instantaneous 

Propulsion 
Force (N) 

Maximum 
Center of 

Mass 
 Height in 

 Flight (c m) 

Block 
Accuracy 
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1 1911 0.47 3 1 2413 0.56 3 1 2011 0.49 2 
2 1607 0.39 1 2 1964 0.48 2 2 2032 0.48 1 
3 1841 0.45 2 3 2251 0.54 3 3 2198 0.50 3 
4 1790 0.43 2 4 2276 0.52 3 4 2218 0.51 3 
5 1743 0.41 2 5 2302 0.54 3 5 2301 0.52 3 

Mean 1778.4 0.43 2.00   2241.2 0.528 2.80   2152 0.50 2.40 

Std. Dev 114.310 0.032 0.707   166.852 0.030 0.447   125.453 0.016 0.894 

Table 3. 

Pearson correlation analysis of Player One- Youth Category movement condition. 

Test Condition Correlation Between Variables R P-value Significance 

Test 1 

(Static) 

Peak Force × Max Height 0.686 0.201 Not Significant 

Max Height × Block Accuracy 0.739 0.154 Not Significant 

Test 2 

(Right Move) 

Peak Force × Max Height 0.940 0.017 Significant 

Max Height × Block Accuracy 0.951 0.013 Significant 

Test 3 

(Left Move) 

Peak Force × Max Height 0.779 0.121 Not Significant 

Max Height × Block Accuracy 0.681 0.205 Not Significant 

Table 4. 

Pearson correlation analysis of Player Two -Elite Category movement condition conditions. 

Test Condition Correlation Between Variables R P-value Significance 

Test 1 

(Static) 

Peak Force × Max Height 0.977 0.004 Significant 

Max Height × Block Accuracy 0.894 0.041 Significant 

Test 2 

(Right Move) 

Peak Force × Max Height 0.957 0.011 Significant 

Max Height × Block Accuracy 0.885 0.046 Significant 

Peak Force × Max Height 0.939 0.018 Significant 
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Test Condition Correlation Between Variables R P-value Significance 

Test 3 

(Left Move) 
Max Height × Block Accuracy 0.884 0.047 Significant 

Discussion 

Discussion of Player One's Results(Youth Category) 

Table (3) reveals that the correlation values between the peak instantaneous force 

during propulsion in the take-off phase and the maximum height of the body's center of 

mass during the flight phase were not statistically significant under two conditions: Test 

One (static position) and Test Three (moving from the left side towards the platform) 

(Bergamini et al, 2012). This insignificance can be attributed to the relatively low values of 

peak instantaneous leg force, which adversely affected the strength of this relationship. 

Upon examining the mean values in Table (1) for Player One, the average peak force 

in Test One (static) was 1572 N, while in Test Three (left move) it was 1757 N. Both values 

are comparatively low (Camomilla et al, 2018). In contrast, the mean force achieved in Test 

Two (moving from the right) reached 1829 N, where the correlation was statistically 

significant. This significance in Test Two is likely due to the player generating greater 

instantaneous force when pushing off the force platform with the preferred or stronger right 

leg for support and propulsion, compared to the left leg (de Ruiter et al, 2024). 

Consequently, it is observed that the values of peak instantaneous force directly 

influenced the maximum height achieved during the flight phase (Konrad et al, 2024). This 

height, on its part, influenced the results of block accuracy. Only when approaching the 

platform on the right side (Test Two), was a significant relationship found, but the 

relationship was not significant when participants approached the platform in a stationary 

position and when approaching the platform on the left side (Test One and Test Three) 

(Tengman et al, 2024). 
 

Discussion of Player Two's Results (Elite Category) 

Table (4) indicates that the correlation values between the instantaneous force during 

propulsion in the take-off phase and the maximum height of the body's center of mass 

during the flight phase were statistically significant for all three tests (Trowell et al, 2024). 

This importance is accredited to the supreme values of peak instantaneous propulsion force, 

and the corresponding means of 1778 N in Test One, 2241 N in Test Two and 2152 N in Test 

Three (Leabeater et al, 2024). 

These strong correlations were dependent on the importance of peak instantaneous 

propulsion force and peak vertical center of mass height (Haug & Pain, 2024). This then had 

a direct and positive effect on the correlation between the maximum vertical center of mass 

height of the flight phase and the blocking accuracy which was also significant in all three 

tests. Higher jump height gives the player a higher degree of control and time to see the ball 

and avoid it going to the court (Jones et al, 2023). The comparison of the mean accuracy 
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scores of the two players is a clear indication of this in Table (2). Player One scored mean of 

1.4, 2.20, and 1.80 on the three tests whereas Player Two scored higher at 2.0, 2.80 and 2.40 

(Carter et al, 2025). 

Moreover, it is clear that Player Two demonstrated higher values in all 

experimentalized variables: maximum instantaneous propulsion force, maximum flight 

height and blocking accuracy that ultimately accounts to the improved overall performance 

results (Aidan Ghanem et al, 2025a). 

The difference seen highlights a difference in performance between the key 

biomechanical and performance variables between an athlete of a youth category (Player 

One) and an athlete of an elite category (Player Two) (Koyama et al, 2022). 
 

Conclusion 

1. In Test Three, Player One (Youth Category) had comparatively low mean values of the 

peak instantaneous force exerted by the left leg during the propulsion stage of the take-

off, and an indirect impact was observed in Test One. In its turn, it led to the insignificant 

correlation with the peak vertical height of the center of mass of the body during the flight 

stage. This, subsequently, had an adverse impact on the correlation between maximum 

vertical height and blocking accuracy that was not significant either. 

2. The higher mean values of peak instantaneous force generated by the right leg during the 

take-off propulsion phase in Test Two for Player One (Youth Category) led to a 

significant correlation with the maximum vertical height of the center of mass. This 

subsequently resulted in a significant correlation between the maximum vertical height 

and blocking accuracy. 

3. The high average of maximum instanteous force of both right and left leg of the player 

two (Elite Category) provided a significant correlation with the maximum vertical height 

of the center of mass during the flight phase at all the three tests. This, thus, influenced 

the relationship between maximum vertical height and blocking accuracy in a positive 

way. 
 

Recommendations 

Special training exercises to develop peak instantaneous force of lower limb muscles 

(right and left legs) are suggested because these muscles are the major determinants of 

propulsion force when performing jumping. This kind of training should increase the height 

of the vertical jump (peak height of the center of mass of the body on the flight stage) both 

at rest and during lateral movements (right and left) thus increasing the accuracy of 

blocking. Moreover, the periodic monitoring of the instantaneous development of the forces 

in the lower limbs in the form of regular pre, mid and post testing using force platform and 

kinematic motion analysis should be included in the future research and practice 

application to provide objective measurement of the performance improvement especially 

when it comes to Middle Blocker players. In addition, it is proposed to design special 

diagnostic tests of the lower limbs, i.e. considering the right and left legs separately using 
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sophisticated force-measurement equipment that can identify and measure the right and 

left force imbalances during the propulsion phase of take-off. 
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