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Abstract  The working group of the current study which 
aims at investigating the relation of isokinetic strength, 
shoulder mobility and ball velocity at elite male volleyball 
players was made up of 20 male volleyball team players 
having the age, body weight and height means; 28,40±3,32 
age, 83,25±7,80 kg, 192,54±4,20 cm and volunteering in 
the study. The data obtained in the study was analysed in 
the package program of SPSS (Statistical Package for 
Social Sciences) for Windows 22.0. For all variables in the 
study, Pearson correlation test was applied. In the research, 
60˚/sec. dominant and non-dominant, internal and external 
isokinetic strength values (nm) were found as 70,07±6,20, 
66,57±6,12, 40,57±7,90, 39,23±8,49, respectively. 
Dominant internal rotation values of the players were 
found as 60,18°±7,58, dominant external rotation values 
were found as 105,00°±8,47, non-dominant internal 
rotation values were found as 56,00°±4,07, non-dominant 
external rotation values were found as 100,71°±8,70. 
Service speed (km/h) was 70,55±3,66. As a conclusion, 
upon the investigation of the correlation values between 
isokinetic strength, shoulder joint mobility and ball 
velocity at elite male volleyball players, a statistically 
direct relation was not found between them at the level of 

significance.  
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1. Introduction
Today, volleyball is a sport branch which is in a 

continual development and comprising complex 
movements. A total 250-300 movements that requires high 
level strength are applied in a match with five sets [1]. For 
that reason, strength which is one of the most significant 
components of a sport in order both to prevent injuries and 
for a high performance has been a very important motoric 

feature for volleyball. Shoulder joint is the most active joint 
of the body. The mechanism of shoulder joint allows us to 
align the position of hand in front of the body. In this sense, 
it controls the elbow joint and helps us with fulfilling the 
motor functions [2]. 

In order to determine the performance that is put forth 
during dynamic muscle construction, it is necessary to 
measure the strength and power produced at a certain 
angular speed. These values are given numerically by 
means of isokinetic dynamometer [3]. Determining the 
isokinetic strength profiles of the sportspersons in different 
branches is of great importance in terms of fulfilling the 
requirements of the branch and the continuity of the high 
level performances of the sportspersons. Volleyball is one 
of these branches [4].  

One of the basic techniques in volleyball is certainly 
serve. Serve in volleyball could be considered as the first 
attack movement of each rally. Serve speed is one of the 
important elements determining the serve quality [5]. 
Evaluating the performance put forth in the ball games is 
much harder compared to individual sports. The match in 
such kind of games is determined depending on the points, 
sets won and the goals scored [6].  

The introduction of science into sport with the 
development of technology today and the fact that sport 
starts to benefit from the scientific data has increased 
competition and it has become a process where split 
seconds compete instead of seconds. It is likely to see 
studies in the literature regarding the fact that 
biomechanical and physiological factors affect the success 
of sportspersons directly [7]. For that reason, evaluating 
dynamic performance in sport sciences and determining 
the results quantitatively has become one of the most 
important issues. Also, as for the international studies in 
the literature, while there are some researches investigating 
the changes on the shoulders of the athletes dealing with 
the sports where overhead techniques are applied and the 
relation between the strength and angles, such kind of 
studies are limited in national publications.  
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When considered that a volleyball player spikes about 
40.000 times in a competition season [9], it is clearly 
understood how shoulder strength and mobility are 
important in volleyball. 

Depending on this limitation, the purpose of the current 
study is to determine the relation between the ball velocity 
and shoulder mobility which has a direct effect on the 
volleyball game and shoulder strength, making a 
contribution to the literature and training program.  

2. Method 

2.1. Study Group 

The study group of the study was made up of 20 male 
volleyball team players having the mean age of 28,40±3,32, 
mean body weight of 83,25±7,80 kg and mean height of, 
192,54±4,20 cm and volunteering in the study. 

2.2. Data Collection 

2.2.1. Isokinetic Strength Measures  
Isokinetic strength measures of the subjects were carried 

out by sport medicine physicians with isomed 2000 
isokinetic dynamometer. Before the evaluations of strength, 
each participant was taken into a standard warm-up 
program individually as much as possible (10-15min). The 
participants were made to warm-up with arm ergometer 
and stretching exercise in the warm-up program. After 
special warm-up, the subjects were taken at the isomed 
device one by one to make measurements and the machine 
set-up was made according to individual anthropometric 
features. The body of the subject to be measured was 
immobilized in a way not to affect the test and after that, 
personal data was entered on the computer and the 
preparations for the test were completed. The 
dynamometer axis was aligned according to shoulder 
rotation axis at the dominant side.  

2.2.2. Internal – External Rotation Measurements 
Internal and external rotation measurements were 

recorded actively by specialist physiotherapists with 
universal goniometer. The measurements were made when 
the subjects were at the supine position with the shoulder at 
90-degree abduction and with the elbow at flexion position.  

2.2.3. Ball Velocity Measurements  
The measurements were made with the speed measuring 

device of the brand mark of Ball Coach Radar™ (Model 
PR1000-BC-USA). The speed device is a device with 
sensitivity of ± mph/sa which has a radar ability being able 
to measure at 25/130 mph/sa. The sportspersons were 
asked to serve the ball in the court with their maximum 
strengths and they were informed that the out balls would 
also be measured with an idea of eliminating the concern 
that they would throw the ball out. The measurements were 

recorded at a distance of 18m of the other side of the net, 
against the ball. The sportspersons were also asked to serve 
not towards the target but in a way to pass the ball over the 
net with their full strengths and each sportsperson was 
asked to repeat it three times and the best score was 
recorded.  

2.2.4. Statistical Analysis 
The data obtained in the research was analysed using the 

SPSS (Statistical Package for Social Sciences) for 
Windows 22.0 program. In the evaluation of the data, 
maximum value, minimum value, arithmetic mean and 
standard deviation were used as the descriptive statistics. 
Normality test was made for all variables in the research. 
All the variables comply with the normal distribution at 
alpha=0.05 significance level. For that reason, Pearson 
correlation test, a parametric test, was applied for all the 
variables in the research 

3. Findings 
The demographic information regarding the male 

volleyball players in the research, the values of the 
isokinetic strengths, measurements of shoulder joint 
mobility, ball velocity measurements and their relations 
with each other were given in tables below.  

Table 1.  Information regarding the study group 

Variables  n 𝒙 SD 

Age (year) 20 28,4 3,3 

Body Weight (kg) 20 83,23 7,8 

Body Height (cm) 20 192,54 4,2 

Table 2.  60°/sec. Internal and external isokinetic strength values  

Isokinetic Strength n Maximum Minimum 𝑥 SD 

D. IS      (Nm) 20 77,3 46 52,07 6,2 

D. ES     (Nm) 20 55,2 32,1 40,57 7,9 

N.D. IS    (Nm) 20 72,8 33,1 48,57 6,1 

N.D. ES   (Nm) 20 47,1 16,5 39,23 8,4 

 D. IS: Dominant Internal Strength 
 D. ES: Dominant External Strength 
 N.D. IS: Non-Dominant Internal Strength 
 N.D.ES: Non-Dominant External Strength 

Table 3.  Shoulder rotation measurement values  

Shoulder 
Rotation n Maximum Minimum 𝑥 SD 

D. IR 20 70 47 57,18 7,58 

D. ER 20 124 86 105 8,42 

N.D. IR 20 62 73 56 4,07 

N.D. ER  20 117 87 100,71 8,7 

 D. IR: Dominant Internal Rotation 
 D. ER: Dominant External Rotation 
 N.D. IR: Non-Dominant İnternal Rotation 
 N.D. ER: Non-Dominant External Rotation 
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Table 4.  Serving velocity values 

Serving Velocity n Maximum Minimum 𝑥 SD 
Dominant SV 

(mph/h) 20 88 50 70,55 3,66 

 SV: Serving Velocity 

Table 5.  Correlation values between the external rotation and internal 
rotation strength values  

Variables n r p 

D. ER-D. IS  20 0,09 0,8 

N.D ER-N.D IS  20 0,136 0,69 

 D. ER: Dominant External Rotation 
 D.IS: Dominant Internal Isokinetic Strength 
 N.D. ER: Non-Dominant External Rotation 
 N.D. IS: Non-Dominant Internal 

Table 6.  Correlation values between the internal rotation and external 
isokinetic strength values 

Variables n r p 

D. IR- D. ES 20 0,39 0,2 

N.D IR- N.D ES  20 0,245 0,26 

 D. ES: Dominant External Isokinetic Strength 
 D. IR: Dominant Internal Rotation 
 N.D. IR: Non-Dominant İnternal Rotation 
 N.D. ES: Non-Dominant External Isokinetic Strength 

Table 7.  Correlation Values between Isokinetic Strength and Ball 
Velocity  

Variables n r p 

D. IS (60°/sec)-BV 20 0,39 0,226 

D. ES (60°/sec)-BV 20 -0,044 0,936 

 D. IS: Dominant Internal Isokinetic Strength 
 BV: Ball velocity 
 D. ES: Dominant External Isokinetic Strength 
 BV: Ball Velocity  

Table 8.  Correlation values between the internal-external rotation and 
ball velocity  

Variables n r p 

D. IR-BV 20 0,104 0,755 

D. ES-BV 20 - 0,136 0,697 

 D. IK: Dominant İnternal Isokinetic Strength 
 D. EK: Dominant External Isokinetic Strength 
 BV: Ball Velocity 

4. Discussion 
In sport sciences, achievement of sportspersons to the 

optimum performance level and maintenance of that level 
is only possible with the well-planned training programs 
based on scientific data [8]. When considered that a 
volleyball player spikes about 40.000 times in a 
competition season [9], it is clearly understood how 
shoulder strength and mobility are important in volleyball. 
Today, the variables directly affecting success and the 
perfectness of which skills has an impact on winning are 

the issues upon which trainers think the most.  
It was found that the mean age of the elite male 

volleyball players was 28.40±3.32 age, body weight was 
83.25±7.80kg and height was 192.54±4.20 cm in the 
current study which investigates the relation between the 
ball velocity and shoulder mobility and the shoulder 
strength which has a direct effect on the game in volleyball.  

It was also found that 60°/sec dominant and non- 
dominant internal and external isokinetic strength values of 
the volleyball players were (Nm); 52,07±6,20, 48,57±6,12, 
40,57±7,90, 39,23±8,49, respectively. Related literature 
has parallel outcomes with the ones found in the current 
study. Alfredson et al. [10], found in their studies carried 
out over Swedish female volleyball players that dominant 
external isokinetic strength values were 28,7±6,7 Nm, 
non-dominant external isokinetic strength values were 
29,5±7,3 Nm, dominant internal isokinetic strength values 
were 40,1±7 Nm, and non-dominant internal isokinetic 
strength values were 37,8±9,2 Nm.  

With regard to the shoulder rotation values of the male 
volleyball players in the current study, it was found that 
dominant internal rotation value was 57,18°±7,58, 
dominant external rotation value was 105,00°±8,42, 
non-dominant internal rotation value was 56,00°±4,07, and 
non-dominant external rotation value was100,71°±8,70. 
Upon the literature review, the significant abundancy of the 
external rotation angles frequently encountered in the 
branches having overhead hit compared to internal rotation 
angles is striking in this data. In a study carried out by 
Herrington [11] over javelin throwers, it was found that 
external rotation range of motion at dominant shoulder was 
higher compared to internal rotation range of motion. 
Carcia et al [12] pointed out that this increase at the 
external rotation range of motion develops depending on 
the repeated overhead activities.  

Regarding the serving speed of the male volleyball 
players in the current study, it was 70,55±3,66 km/h. 
Häyrinen et al. [13] found in their studies carried out over 
male national volleyball players of Finland that the serving 
speed of the players was 70.92km/h. In another study by 
Cerrato et al. [14] carried out over female volleyball 
players, the serving speed of the sportspersons was found 
as 45,08±6,30 km/h.  

As for the relation between the shoulder rotations of the 
elite volleyball players and isokinetic strength values, it 
was found that dominant external rotation/dominant 
internal strength (60°) correlation values (r) were 0.090 and 
non-dominant external rotation/non-dominant internal 
strength (60°) was 0.136. There was no direct relation 
between the variables at the significance level of α=0.05.  

When it comes to the correlation values between 
dominant and non-dominant isokinetic strength and 
shoulder rotation (r), no direct relation was found between 
internal rotation/dominant external strength (60°), 0.390, 
non-dominant internal rotation/non-dominant external 
strength (60°) 0.245 at the significance level of α=0.05. 
Depending on the findings obtained, it was found that a 
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sportsperson with high shoulder rotation values, in other 
words a players having a more flexible shoulder joint, was 
not able to produce more shoulder mobility.  

While the correlation values between internal isokinetic 
strength of the male volleyball players and ball velocity (r); 
dominant internal isokinetic strength (60°/sn) ball velocity 
was found 0.390 and external isokinetic strength (60°/sn) 
was found as -0.044, once again, a direct relation was not 
found between the variables at the significance level of 
α=0.05. 

The correlation values between internal-external rotation 
of the elite volleyball players and ball velocity (r) was 
found 0.104, -0.136, respectively, a direct relation was not 
found between these variables at the significance level of 
α=0.05. That is to say, depending on the results obtained 
from the correlation values, it was found that a 
sportsperson with a high strength value was not able to 
serve faster. It is likely to see in the related literature that 
there is no statistical significance between the isokinetic 
strength, shoulder joint mobility and ball velocity. In a 
study carried out by Fleck et al. [15] over handball players, 
no statistically significance difference was found between 
the isokinetic strength, shoulder joint mobility and ball 
velocity. While it is thought that the serving speed of a 
sportsperson with high internal rotation strength will also 
increase at the same level, no statistically direct correlation 
was not found between them.  

This case could be related to other factors in serving. 
Depending on the findings obtained in the study, it is likely 
to say that not only a sportsperson with high strength value 
can serve. As seen in the literature, serving and ball 
velocity in volleyball could be affected by such factors as 
lacking technical components, concern, self-esteem, 
motivation and sport age [16]. On the other hand, 
aerodynamic principles could also affect the time in the air 
for the ball, the distance of flying and its speed. The holes 
on the golf ball, curvilinear lines on tennis, cricket and 
baseball balls and the stitches on the soccer ball are 
aerodynamic factors. 

These all make balls attain various aerodynamic effects. 
These features affect the direction of the ball and its time in 
the air [17]. In this sense, it will not be wrong for the 
trainers to take other parameters into consideration instead 
of focusing only on the strength characteristics of the 
players. The negative correlation between the excess at 
shoulder mobility and strength have been pointed out in the 
studies carried out in this sense [18],[19]. Depending on the 
results obtained in the current study, it was found that a 
players having a high external and internal shoulder 
mobility, therefore having a flexible shoulder joint was not 
able to produce more internal isokinetic strength.  

5. Conclusions 
In the current study investigating the relation between 

isokinetic strength, shoulder joint mobility and ball 

velocity, depending on the results obtained based on the 
findings of the research, a direct relation was not found 
between the isokinetic strength, shoulder joint mobility and 
ball velocity at the significance level of α=0.05.  

Even though a very slight correlation was found between 
the parameters of shoulder mobility, isokinetic strength and 
ball velocity, it was not found significant in terms of the 
science of statistics.  
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