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Abstract:
The purpose of this study was to investigate the relationship between the isokinetic 
quadriceps and hamstring strength and, sprinting ability, agility and vertical jump 
performance in male volleyball players. Twenty professional male volleyball players 
(average age 24.5±1.1 years; mean body height 186.5±5.02 cm; mean body mass 
75.34±8.39 kg) participated in this study voluntarily. For each player, isokinetic 
concentric muscle strength tests were performed at 60°/s and 300°/s, jump performance 
was evaluated by countermovement jump (CMJ) and squat jump (SJ) tests, sprint ability 
was determined by single sprint performance (10-30 m), and agility performance was 
measured using the T drill agility test. There were statistically significant correlation 
between peak torque of extensor and flexor muscles strength at 60°/s, 300°/s contraction 
velocities and squat jump, countermovement jump (p<0.01). There was no significant 
correlation between isokinetic knee strength and T drill test and sprint tests (10-30 m) 
(p>0.05). Moreover, statistically significant relations were found between the 
performances of athletes in different field tests (p<0.05). This study has shown that 
isokinetic peak torque of quadriceps and hamstring are significant predictor for field 
based anaerobic tests, SJ and CMJ, that are similar to the actions made in the game for 
volleyball players.
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1. Introduction 

Volleyball is a discipline of sports that requires high technical, tactical, and athletic 
demands on the players (Kugler et al., 1996). A strong block for an offense and a smash 
or spike for an attack are desirable for a successful performance (Coleman et al., 1993). 
One of the objectives of the volleyball spike is to hit the ball at the highest possible 
speed that starts with a vertical jump, a crucial skill performance in voleyball (Kugler et 
al., 1996).

Success in many athletic endeavors as well as volleyball is dependent on the 
ability of muscles to produce high intensity power instantaneously or within several 
seconds. Generation of explosive strength depends on the ratio between velocity of 
movement and the strength developed by the specific muscle groups (Alexander, 1990). 
Therefore success of an athlete is related to both the physical capacity of the athlete to 
perform actions as quickly as possible and with high intensity and to the degree of 
motor skill development in volleyball (Smith et al., 1992).

Volleyball is considered as an interval type of sports with both anaerobic and 
aerobic components. Anaerobic performance is composed of anaerobic power and 
capacity. Aerobic capacity is positively associated with recovery during repeated high-
intensity bouts (Castagna et al., 2008; Tomlin and Wenger, 2001). Moreover, the high 
intensity movements of volleyball players are closely related to the development of 
strength, speed and agility (Castagna et al., 2007; Forthomme et al., 2005). Explosive 
strength, take-off power, speed, and agility are abilities that make an important 
contribution to efficient movement with and without the ball, thus play an important 
role in volleyball technique and tactics (Forthomme et al., 2005). In particular explosive 
muscular strength has been accepted as a crucial component of anaerobic and sprint 
performance (Dowson et al., 1998).

Different aspects of lower limb strength and power are frequently examined 
using the isokinetic knee joint test, sprint test and the vertical jump test. Since the knee 
joint is one of the main contributors in vertical jumping and sprint performance, several 
studies have attempted to correlate these tests but with various results (Anderson et al., 
1991; Trzaskoma et al., 1996). The variation in the results may be due to a number of 
differences, such as joint angular velocities and the positioning of the participants, 
affecting muscle length and velocity of contraction and participant characteristics 
(Iossifidou et al., 2005).

While some studies have investigated the relationships between isokinetic knee 
strength, anaerobic performance, sprinting ability, agility, and vertical jump 
performance in other athletes, an insufficient number of studies have been conducted 
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on volleyball players. Therefore the aim of this study was to investigate the relationship 
between isokinetic quadriceps and hamstring strength, sprinting ability, agility and 
vertical jump performance in male volleyball players.

2. Materials and Methods  

2.1 Participants
Twenty male first division volleyball players participated in this study. The mean 
measurements gathered were as follows: age: 24.5±1.1 years; body height: 186.5±5.02 
cm; body mass: 75.34±8.39 kg. They were all nonsmokers. The study was conducted 
over a 1-week period, during which the players did not participate in any other training 
or matches. On the first day, the players participated in anthropometric measurements 
(body height, body mass) followed by a squat jump, countermovement jump tests. 
Isokinetic leg strength tests were conducted on the third day. Then, on the fifth day, 
players performed the sprint test and they performed agility test two days later. The 
study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki. 
Additionally, the approval of experimental procedures were provided by Pamukkale 
University Ethics Committee and also written consent forms were obtained from all 
subjects, who were completely informed about the procedures.

2.2 Procedures
2.2.1 Anthropometric Measurements
The body height of the volleyball players was measured using a stadiometer with an 
accuracy ± 1 cm (SECA, Germany), and an electronic scale (Tanita BC 418, Japon) with 
an accuracy of ± 0.1 kg was used to measure body mass.

2.2.2 Isokinetic Strength 
Before the isokinetic test, subjects warmed-up on a cycle ergometer pedaling at a work 
rate of 20 watts at 50 rpm for 5-minutes. An isokinetic dynamometer (Cybex Humac 
Norm 770, USA) was used to measure knee flexion and extension torque. The test was 
performed in a seated position with hands gripping the handles at the sides of the chair. 
The test was performed in a seated position; stabilization straps were secured across the 
trunk, waist and distal femur of the tested leg. The most prominent point of the femoral 
epicondyle on the lateral surface of the knee joint was aligned with the axis of rotation 
of the dynamometer. The shin pad was placed distally approximately two finger 
breadths above the lateral malleolus. The range of motion for the knee was from 90 
degrees of knee flexion to 10 degrees of extension. Isokinetic concentric quadriceps and 
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hamstring muscle strength tests were performed at 60°/s with 5 repetitions and 300°/s 
with 15 repetitions without gravity for both right and left legs. Verbal encouragement 
was given to the subjects during the measurement. Before starting the test, subjects 
were allowed 5 trials. A 30 s time interval was provided between repetitions whereas a 
2 min rest period was given between angular velocity tests (Tsiokanos et al., 2002).

2.2.3 Vertical Jump Measurements
Vertical jump performance was measured using a portable force platform (Newtest, 
Finland). Players performed countermovement (CMJ) and squat jumps (SJ) according to 
the protocol described by Bosco et al. (Bosco et al., 1995). Before testing, the players 
performed self-administered submaximal CMJ and SJ (2-3 repetitions) as a practice and 
specific additional warm-up. They were asked to keep their hands on their hips to 
prevent any influence of arm movements on the vertical jumps and to avoid 
coordination as a confounding variable in the assessment of the leg extensors. Each 
subject performed 3 maximal CMJs and SJs, with approximately 2 minutes’ recovery in 
between. Players were asked to jump as high as possible; the best score was recorded in 
centimeters (Bosco et al., 1995).

2.2.4 10-30m Sprint Test
The subjects performed 2 maximal 30 m sprints (with 10 m split times also recorded) on 
the basketball court. There was a recovery period of 3 minutes between the 30 m 
sprints. Prior to each sprint test, players performed a thorough warm-up consisting of 
10 minutes of jogging at 60-70% of heart ratemax and then 5 minutes of exercise involving 
fast leg movements over short distances of 5 to 10 m and 3-5 single 15 m shuttle sprints 
with 2 minutes of passive recovery. Times were measured using an electronic timing 
system (Prosport TMR ESC 2100, Tumer Engineering, Ankara, Turkey).

2.2.5 T-Drill Agility Test
Four 22.86 cm collapsible agility cones were arranged as outlined in Semenick (Figure 
1). At the tester’s signal, subjects sprinted forward 9.14 m and touched the tip of the 
cone (B) with their right hand. 

Figure 1: T drill test
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Then they performed a lateral shuffle to the left 4.57 m and touched the tip of the cone 
(C) with the left hand. Subjects then changed direction and shuffled 9.14 m to the right 
to touch the tip of the cone (D) with their right hand. They then shuffled 4.57 m to the 
left to touch point (B) with their left hand. Finally, the subjects back-peddled 9.14 m, 
passing through the finish at point A. Times were measured using an electronic timing 
system (Prosport TMR ESC 2100, Tumer Engineering, Ankara, Turkey).

2.3 Statistical Analyses
The data are reported as means and standard deviations. The relationships between 
isokinetic knee strength, sprinting ability, agility and vertical jump performance were 
evaluated using Pearson Product Moment Correlation analysis. All analysis was 
executed in SPSS for Windows version 17.0 and the statistical significance was set at p < 
0.05. 

3. Results

Male voleyball players’ mean age, body height and weight were 24.5 (1.1) years, 186.5 
(5.02) cm, 75.34 (8.39) kg respectively. The sprint, agility, isokinetic knee strength and 
vertical jump measurements of the volleyball players in the study are displayed in 
Tables 1 and 2. 

Table 1: Field performance test results of volleyball players
10m (s) 1.71 ± 0.26
30m (s) 4.31 ± 0.13
CMJ (cm) 40.6 ± 4.71
SJ (cm) 37.8 ± 5.72
T Drill test (s) 9.15±0.46
CMJ: Counter movement jump; SJ: Squat jump;
Values are given as mean ± SD

Table 2. Peak isokinetic concentric knee extension and flexion torques of volleyball players
Hamstring Right 

(Nm)
Hamstring Left 

(Nm)
Quardriceps Right 

(Nm)
Quardriceps Left 

(Nm)
60º/sn 163.76 ± 26.45 147.18± 27.12 205.26 ± 35.02 199.16± 27.42
300º/sn 137.63 ± 25.99 130.45± 20.12 175.12 ± 25.32 171.46± 24.34
Values are given as mean ± SD
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Table 3 shows the correlations between sprint, agility, vertical jump performance and 
isokinetic knee strength are presented. As can be seen from Table 3, there were 
statistically significant correlation between peak torque of extensor and flexor muscles 
strength at 60°/s, 300°/s contraction velocities and squat jump, countermovement jump 
(p<0.01). There was no significant correlation between isokinetic knee strength and T 
drill test and sprint tests (10-30 m) (p>0.05). Moreover, statistically significant relations 
were found between the performances of athletes in different field tests (p<0.05), as it 
can be seen in Table 4.

Table 3. Correlations between isokinetic knee strength and field performance test
T drill test 10 m 30 m CMJ (cm) SJ (cm)

60°/s
PTF (Nm) NS NS NS 0.712** 0.618**
PTE (Nm) NS NS NS 0.679** 0.741**

300°/s
PTF (Nm) NS NS NS 0.795** 0.657**
PTE (Nm) NS NS NS 0.894** 0.783**

PT: peak torque; F: fleksor; E: extensor;* p< 0.05; ** p<0.01

Table 4. Correlations between field tests
CMJ SJ 10 m 30 m T drill test

CMJ (cm) 0.810** NS -0.602* -0.584*
SJ (cm) 0.810** NS -0.730* -0.482*
10 m (s) NS NS NS NS
30 m (s) -0.602* -0.730* NS 0.520*
T drill test (s) -0.584* -0.482* NS 0.520*
CMJ: Counter movement jump; SJ: Squat jump; * p< 0.05; ** p<0.01

4. Discussion and Conclusion

The main findings of the present study was that there were statistically significant 
correlation among peak torque of extensor and flexor muscles strength at 60°/s, 300°/s 
contraction velocities and squat jump, countermovement jump.

In addition to volleyball, many sports including football, soccer, baseball, 
lacrosse, and gymnastics use anaerobic metabolism extensively during competition. 
Depending on the intensity and duration of the effort, different energy systems will be 
predominantly taxed. An anaerobic activity is the form of energy energy that uses
anaerobic metabolism during an exhaustive effort and lasts less than 90 seconds. The 
very short, high intensty activity lasting less than 1-2 s will mostly involve the 
adenosibe triphosphate (ATP) depots in the muscles. The high intensity activities 
lasting up to 5-6 s depends on the high energy phosphagen, phosphocreatine depots in 
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addition to the ATPs. The longer but stil high intensity activities will depend more on 
the muscle fibers ability to produce ATP through the glycolytic pathway, the non 
aerobic breakdown of carbohydrate. SJ and CMJ are used as methods for the calculation 
of anaerobic metabolism of lower limb muscles, measures the ability of the muscles to 
work using both the ATP-phosphocreatine and glycolytic systems (Bencke et al., 2002).

A relationship between muscular strength and vertical jump performance (SJ and 
CMJ) was found by different authors (Tsiokanos et al., 2002; Paasuke et al., 2001). A 
significant correlation coefficients (0.51-0.64) between SJ height and knee extension 
torque at 120 and 180°/s were reported (Destaso et al., 1997). In another study, 
significant correlations (r=0.55-0.69) were reported by Saliba and Hrysomallis (2001) 
between isokinetic measures and vertical jump height in a sub-elite Australian football 
players. In addition, Tsiokanos et al. (2002) reported that the correlation coefficient for 
CMJ height and isokinetic torques, measured at 60°/s, 120°/s and 180°/s, were 0.57, 0.64 
and 0.36 respectively. Bencke et al. (2002) reported a relationship between knee extensor 
strength and vertical jump performance.

There was no significant correlation between isokinetic knee strength and T drill 
test and sprint tests (10-30 m). Similarly, Cronin and Hansen (2005) determined no 
relation between extension strength and knee flexion and single-sprint performance. No 
relation were reported between strength measures and 10 or 40 m sprint performance in 
rugby players by Baker and Nance (Baker and Nance, 1999). On the other hand, 
Dowson et al. (1998) found a statistically significant relationship between concentric 
and eccentric knee extensor torques and 0-15 m and 30-35 m sprint times. Similarly, 
Alexander (1990) found a strong correlation between sprint performance, 100 m 
personal best sprint time and concentric knee extension torque, at 4.14 rad s-1, in elite 
sprinters. Newman et al. (2004) reported a significant correlation between concentric 
isokinetic knee extension and flexion strength measures and single-sprint performance 
in football players.

One of possible explanation for the lack of association between isokinetic knee 
strength and single-sprint performance could be due to the particular characteristics of 
the subjects (Cronin and Hansen, 2005). Body height is very important for volleyball 
players and might be one of the reasons for not finding an association between strength 
and single sprint performance. Another important factor may be the different distances 
were used in sprint tests in previous studies.

The result of this study is that performances in a variety of field tests were 
correlated with each other in a group of volleyball players. It can be said that either the 
tests assess similar attributes or performance on one test is able to predict performance 
on another (Vescovi and Mcguigan, 2008). Cronin and Hansen (2005) reported weak 
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negative associations between countermovement and squat jump performance and 5, 
10, and 30 m sprint times. Hennessy and Kilty (2001) found countermovement jump 
performance was related to the times for sprint tests and that the bounce drop jump 
index was related with 30 m and 100 m sprint times in a group of female athletes. The 
relationship between linear sprinting and agility performance have been examined by 
few studies (Vescovi and Mcguigan, 2008, Little and Williams, 2005; Paoule et al., 2000). 
Moderate correlation was reported between T-test performance and 37 m sprint times 
in a group of college-aged women by Paoule et al (Paoule et al., 2000). In contrast, Little 
and Williams (2005) found a weak correlation between acceleration (10 m) and 
maximum speed in a zigzag agility test in a group of professional male soccer players. 
The association between agility and speed increases with longer distances and when 
examining agility with flying sprint times (Vescovi and Mcguigan, 2008). The reason of 
differences between studies could be the use of different agility tests (Vescovi and 
Mcguigan, 2008).

In conclusion, this study has shown that isokinetic peak torque of quadriceps 
and hamstring are significant predictor for field based anaerobic tests, SJ and CMJ, that 
are similar to the actions made in the game for volleyball players. The variation in the 
results may be due to a number of differences including joint angular velocities of the 
participants or utilization of different metabolic pathways and participant 
characteristics.   
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