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Abstract 

The purpose of the study is to compare the ratio of lower extremity isokinetic hamstring/quadriceps ratio (H/Q), 
bilateral strength difference (BLD) and relative peak torques (RPT) in volleyball players according to the leagues. 
101 volleyball players participated in the study (female=34, male=25 from 1st league; female=21, male=21 from 2nd 
league). Isokinetic extension and flexion of knee muscle strengths of the volleyball players were determined with 
isokinetic dynamometer. Independent t test was used to compare volleyball players' flexor and extensor RPT, H/Q 
ratios and BLD according to their leagues. In the study conducted, it was determined that both male and female 
volleyball players playing the 1st league had higher RPTs at 60°s-1 and 180°s-1 angular velocities. It was determined 
that volleyball players’ BLD was within the desired limits, whereas their H/Q ratios were low. As a result, it was 
determined that the lower extremity isokinetic knee muscle RPT of the volleyball players playing in the 1st League 
had better values than those playing in the 2nd league, but these values were higher in the extension RPT. Since the 
essential requirement of volleyball is the jumping strength of the movements, this case may be related to the greater 
development of the extensor muscles.  
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1. Introduction 

Volleyball is a highly dynamic sports branch characterized by repetitive movements in a short period along with 
explosive movements and movement patterns involving jumping as well as sprinting in the field (Hedrick, 2007). It 
has been reported that in a five-set volleyball game played at the elite level 250-300 high intensity and explosive 
activities are exhibited (Seminati & Minetti, 2013), and as for the attack and block techniques, it involves 
high-intensity vertical jump and landing movements (Kim & Jeoung, 2016). It is emphasized that the muscles that 
perform flexion and extension movements in the knee joint are to have muscular activation at a sufficient level since 
the movement of the knee joint involves not only vertical jump and placement, but also the nature of the game, and 
these movements need to be changed rapidly (Nagai, Sell, House, Abt, & Lephart, 2013).  

In the high-intensity movement patterns, quadriceps (knee extensors) and hamstring muscle groups (knee flexors) 
participate in the primary level movements (Xaverova et al., 2015). Quadriceps muscles, which are also responsible 
for walking, running, dynamic stabilization of the knee joint, postural balance, and body weight, play a primary role 
in extensional movement (Kang, Kim, Lee, & Kim, 2015). Knee flexors act as knee joint stabilizers during 
acceleration, divergence, deceleration and landing (Stolen, Chamari, Castagna, & Wisloff, 2005). Therefore, that 
good level of knee flexor and extensor muscle strengths are considered to be particularly important in terms of 
preventing knee injuries and good sport performance (Zouita, Dziri, Ben Salah, & Layouni, 2007; Bamac et al., 2008; 
Markou & Vagenas, 2006; Aagaard, Simonsen, Trolle, Bangsbo, & Klausen, 1995; Armour et al., 2004).  

Isokinetic muscle strength assessment is a method which is a widely accepted and regarded as a golden standard for 
measuring the maximum torque strength (torque) of muscles involved in the movement of different parts of the body 
(Kim & Jeoung, 2016; Xaverova et al., 2015; Colonna & Ricciardi, 1998). Strength generated around a point or axis 
is called torque and is in units of newton/meter (Nm). Angular velocities used in isokinetic tests are classified as 
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10-60°s-1 slow, 60-180°s-1 medium and 180-400°s-1 high (Kim & Jeoung, 2016). In the current literature, isokinetic 
tests can be conducted at different angular velocities according to the speed of motion required by sports, but 
commonly used test speeds are 60°s-1 and 180°s-1. In addition, the ratio of hamstring muscle strength to quadriceps 
muscle strength (H/Q) and strength difference of left-right leg muscle (asymmetric/bilateral strength or muscle 
strength imbalance) are accepted as the criteria that determine the risk of injury to the knee joint (Rosene, Fogarty, & 
Mahaffey, 2001; Aagaard, Simonsen, Trolle, Bangsbo, & Klausen, 1995; Cheung, Smith, & Wong, 2012). It is 
expected that the H/Q ratio in the concentric contraction is between 60-80% and this value increases as the angular 
velocity increases. That the H/Q ratio approximates 100% is interpreted as the increased functional capacity of the 
hamstring muscle group in the stabilization of the knee (Rosene, Fogarty, & Mahaffey, 2001; Hewett, Myer, & 
Zazulak, 2008). The accepted difference for the asymmetric strength is between 10-15%, and further strength 
differences are considered as a risk factor for injury (Aagaard et al., 1995). Therefore, both H/Q and BLD have 
become important for clinicians and physical trainers in all sports branches (Mattes, Wollesen, & Manzer, 2017). 

In the rewieved literature, isokinetic strength of the extensor and flexor muscle groups in volleyball were 
investigated (Akarcesme, Aktug, Aka, & Ibis, 2017; Bamac et al., 2008; Colonna & Ricciardi, 1998; Kim & Jeoung, 
2016; Markou & Vegenas, 2016; Mattes et al., 2017; Yenigun et al., 2008) yet no comparison of isokinetic strength 
values with respect to the leagues was found. The aim of this study is to compare the lower extremity isokinetic 
strength and other related variables in male and female volleyball players according to their leagues. 

 
2. Material and Method 

In the current study, anthropometric and isokinetic measurements were conducted. The athletes conducted all the 
tests between 9am-12am. The participant athletes had training 5-7 times a week according to their match schedule. 
Before the tests, the participants were informed about the test procedures and their approvals were obtained. 

2.1 Anthropometric Measurements 

The height was measured in the athletes’ anatomical position at the inspiratory phase in the head frontal plane and 
the overhead surface touching the vertex point with a stadiometer (Holtain, England). Body weight, without sports 
clothes and footwear (Inbody 230, Korea) were measured when the athlete was on the anatomical standstill. Skinfold 
thickness was determined by with the skinfold caliper (Holtain, England) as suggested by Harrison et al. (1988) and 
the mean of these values was used in calculations. The body density was calculated though the formula of Durnin & 
Womersley (1974) and then the percent body fat (BFP) was calculated through the Siri formula (Siri, 1956). Lean 
body mass (LBM) [Body weight - (Body weight)*BFP)] was determined as suggested by Nieman (1999). 

2.2 Isokinetic Strength Tests 

Isokinetic knee muscle strengths of lower extremity were determined through the isokinetic dynamometer (IsoMed 
2000, Germany). Prior to the measurement, a 10 minute warm-up was performed at 50-60 rpm in a cycling 
ergometer at 50-60 rpm. After warming, the athlete was placed in the dynamometer at a 90° hip joint angle, with the 
lateral femoral condyle and dynamometer shaft being on the same axis of rotation. For stabilization, the belts were 
fastened over the pelvis and the knee joint. The test protocol was applied concentrically on both legs at 60°s-1 and 
180°s-1 angular velocities. Volleyball players were tested with 5 repetitions for 60°s-1 angular velocity and 15 
repetitions for 180°s-1 angular velocity. After this test, the ratio of relative peak torque (RPT) to body weight 
(RPT/Body weight (kg)), H/Q ratio and BLD (Dominant (D)-NonDominant (ND) legs strength difference, %) values 
were used in statistical analyses. 

2.3 Statistical Analysis 

The mean and standard deviation values of all the parameters examined were calculated and shown by means of the 
tables. After examining normality and homogeneity in the variables examined, the difference between the leagues 
was assessed by the independent t test. p <0.05 error level was used in all statistical procedures with SPSS 21 
package program. 

 
3. Findings 

Anthropometric characteristics of volleyball players according to their leagues are given in table 1. All parameters 
examined were similar in the leagues for both gender (p>0.05) except body weight which is higher in male volleyball 
players (p<0.05).  
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Table 1. Anthropometric Characteristics of Volleyball Players According to Their Leagues (mean ± Sd) 

 FEMALE MALE 
League 1 League 2 p League 1 League 2 p 

Age (year) 21.9±4.2 21.0±4.7 0.495 24.3±5.4 23.3±3.0 0.195
Height (cm) 181.1±5.2 179.2±5.2 0.072 193.0±7.4 193.2±5.5 0.903
Body Weight (kg) 67.7±7.4 66.6±6.3 0.579 88.8±8.5 83.2±6.9 0.020*
BFP (%) 16.9±3.9 18.2±5.0 0.334 10.5±3.3 9.6±3.1 0.387
LBM (kg) 57.4±6.5 54.5±6.8 0.165 78.2±7.6 74.4±5.4 0.097

   *p<0.05. BFP: Body fat percentage, LBM: Lean body mass. 

 
Table 2. Relative Peak Torque Strength Values of the Volleyball Players According to the Leagues (mean ± Sd) 

Angular 
Velocity 

Legs Movement 
FEMALE MALE 

League 1 League 2 p League 1 League 2 p 

60°s-1 
D 

Extension 2.99±0.32 2.58±0.30 0.000* 3.57±0.45 3.16±0.52 0.007* 
Flexion 1.53±0.18 1.38±0.19 0.006* 1.90±0.29 1.87±0.33 0.750 

ND 
Extension 2.88±0.34 2.41±0.31 0.000* 3.25±0.50 2.93±0.54 0.044* 
Flexion 1.41±0.16 1.29±0.17 0.008* 1.78±0.29 1.79±0.31 0.900 

180°s-1 

D 
Extension 2.18±0.23 1.95±0.26 0.001* 2.69±0.45 2.16±0.19 0.000* 

Flexion 1.18±0.18 1.13±0.21 0.292 1.47±0.24 1.31±0.16 0.017* 

ND 
Extension 2.05±0.24 1.79±0.22 0.000* 2.51±0.43 2.05±0.25 0.000* 

Flexion 1.24±0.20 1.07±0.25 0.292 1.43±0.21 1.31±0.16 0.026* 
    *p<0.05 

 
The RPT results for D and ND legs obtained from the study are given in table 2. According to the comparison results; 
there were statistically significant differences in the female volleyball players belonging D and ND legs, 60°s-1 
velocity extensor and flexor RPT values between leagues (p<0.05). There was a significant difference only in 
extension RPT values at 180°s-1 velocity for both D and ND legs in female volleyball players (p<0.05). For this 
angular velocity, the knee flexors RPT values were similar among the leagues (p >0.05). However, in all the 
variables examined, 1st League athletes showed higher values than 2nd League athletes. For male volleyball players, 
the RPT values of D and ND belonging to the leg at 60°s-1 showed a significant difference only for the extensors 
(p<0.05). However, at 180°s-1 velocity, extensor and flexor RPT values of D and ND belonging to the leg were 
significantly higher in the 1st league male volleyball players (p<0.05). 

 
Table 3. H/Q Ratios (%) of the Volleyball Players According to the Leagues (mean± Sd) 

Angular 
Velocity 

Legs 
FEMALE MALE 

League 1 League 2 p League 1 League 2 p 

60°s-1 
D 51.4±6.7 53.4±5.4 0.243 53.6±7.7 59.4±7.6 0.014* 

ND 49.8±7.4 53.8±6.9 0.049 55.4±7.6 62.3±10.0 0.012* 

180°s-1 
D 54.6±8.4 58.0±7.9 0.145 54.9±8.2 61.0±6.9 0.010* 

ND 61.1±11.6 65.5±11.8 0.185 58.4±9.8 64.6±11 0.046* 
   *p<0.05 

 
The mean values of the H/Q ratios of the athletes and the statistical analysis results are given in table 3. In female 
volleyball players, the H/Q ratios in D and ND legs at both 60 and 180°s-1 velocity were similar to each other in both 
leagues (p <0.05). The statistical difference between these values in male volleyball players was significant (p 
<0.05). 
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Table 4. D-ND Legs BLD (%) of the Volleyball Players According to Leagues (mean± Sd) 

Angular 
Velocity 

Movement 
FEMALE MALE 

League 1 League 2 p League 1 League 2 p 

60°s-1 
Extension 6.4±4.6 7.9±5.5 0.185 9.0±7.5 7.6±6.5 0.500 
Flexion 7.5±6.8 6.8±5.8 0.296 6.4±4.8 8.4±7.6 0.282 

180°s-1 
Extension 6.9±5.9 9.6±4.4 0.077 7.9±6.1 6.5±5.9 0.438 
Flexion 9.5±5.7 8.0±7.1 0.383 8.3±8.4 8.4±6.7 0.979 

 
BLD values are given in table 4. According to the results obtained, for D and ND legs, knee extensor and flexor BLD 
are similar both male and female volleyball players according to the leagues at velocities 60°s-1 and 180°s-1 (p>0.05).  

 
4. Discussion   

In all sports branches, the strength balance between the muscles is more important than the highest strength present. 
The reason is that the muscles have the highest strength available to them, and they can exhibit the weakest strength 
of the muscle and muscle groups they have (Astrand, Rodahl, Dahl, & Stromme, 2003). This muscle balance is 
extremely important in the lower extremity at the H/Q ratio and in the bilateral leg extensor and flexor muscles. The 
aim of this study is to determine the difference between the isokinetic knee strengths of both volleyball players and 
knee muscle strength balances. 

Although the upper extremity visually seems to do much work in volleyball (Yenigun et al., 2008), as volleyball 
involves jumping, sudden change of direction, deception, stopping, sudden movements, high level balance and sprint 
movements (Almeida & Soares, 2003; Dal Pupo, Detanico, & Dos Santos, 2012; Ibis, Iri, & Aktug, 2015; 
Akarcesme, Aktug, Aka, & Ibis, 2017). The lower extremity strength is more important than the upper extremity 
strength. Therefore, low strength of knee flexor-extensor muscle and strength imbalance between these muscles may 
lead to low performance of the basic movements of volleyball (spike, block and receive). 

There are not any studies in the literature evaluating the isokinetic strength of volleyball players in different leagues 
while there are some studies on evaluating the isokinetic strengths of the athletes in different leagues on soccer 
players. In the study conducted, it was determined that volleyball players playing in the 1st league had higher 
isokinetic knee extensor and flexor strengths than those playing in the 2nd League, however the H/Q ratios were 
higher in volleyball players playing in 2nd league. In a similar study on soccer players, it was determined that the 
eccentric and concentric flexor strengths in those playing the 1st and 2nd were higher than those playing in the 3rd 
league and the lower extremity eccentric and concentric extensor strengths of the players playing in the 1st league 
were higher than those playing 2nd in the 3rd league. It was found that concentric H/Q ratio was similar in the 1st and 
2nd leagues, yet it was lower in the 3rd league and the eccentric H/Q ratio was higher in the 2nd than the others 
(Ozberk, Coskun, Akin, & Korkusuz, 2009). In a study on elite, sub-elit and amateur soccer players’ lower extremity 
concentric extensor and flexor muscle strengths, they reported that elite soccer players had higher flexor muscle 
strengths (Cometti, Maffiuletti, Pousson, Chatard, & Maffulli, 2001). Cometti, Maffiuletti, Pousson, Chatard, & 
Maffulli (2001) also found that amateur soccer players had lower H/Q ratios than professional soccer players. In 
another study, Gissis et al. (2006) found that Greek elite soccer players generated higher isometric strengths than 
sub-elite soccer players. 

In the above studies, the higher isokinetic peak torques of the athletes in the upper league is similar to the results of 
the current study, whereas the H/Q ratio in the current study is higher in the lower league, which is not parallel with 
the current literature. In addition to jumping and ball-striking movements that will increase the strength of the 
muscles in soccer, the flexor muscles, such as sprint, are in motion to increase muscle strength. In volleyball, many 
of movements are performed with vertical or horizontal jump performance. In general, it is necessary to actively 
contract the muscles of the quadriceps group in the lower leg in order to be able to perform the motion away from the 
ground when the jump motion is examined in general (Walsh, Boling, McGrath, Blackburn, & Padua, 2012). This 
can lead to the extensor muscles to become stronger in volleyball. The number of training sessions of the 1st league 
volleyball players participate in is higher than those playing in the 2nd league therefore accordingly the number of 
jumping increases which may cause an increase in the extensor strength and decrease in their H/Q ratios of the 
players playing in the 1st league. This low H/Q ratio found in volleyballs may also cause increased knee injury 
sensitivity with particular emphasis on stress on the anterior cruciate ligament (ACL) due to decreased joint stability 
(Magalhaes, Oliveira, Ascensao & Soares, 2004). 
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In the current study, it was determined that the BLD of the volleyball players is similar between the leagues and 
within the desired limits. In a similar study, it was determined that the isokinetic H/Q ratios of elite female volleyball 
players were low, while BLD was found to be within the desired limits (Akarcesme, Aktug, Aka, & Ibis, 2017). 
Akarcesme, Aktug, Aka and Ibis (2017) have associated the desired level of BLD with the use of volleyball players 
equally in both legs during training and performing a correct strength exercise. In another study, Magalhaes, Oliveira, 
Ascensao and Soares (2004) determined the difference between the isokinetic H/Q ratio and BLD of soccer players 
with volleyball players. The H/Q ratio of volleyball players was lower than the soccer players and BLD was among 
the desired levels. When the findings of study on amateur soccer, basketball and volleyball players are examined, it 
is seen that volleyball players' H/Q ratios and BLD are within the desired levels. The results of the studies on 
volleyball players above can support the results of the current study; besides, it can be said that the volleyball players 
use and strengthen both legs equally.  

 
5. Conclusion 

As a result, it is found that; as the level of the league in volleyball increases, isokinetic knee muscle strength 
increases and H/Q ratio decreases. In order to achieve high level and repetitive movements which volleyball strongly 
requires the coaches should prepare a training program that focuses especially on knee flexor muscles to increase 
H/Q ratio. Moreover, it is crucial to improve bilateral leg strength and H/Q muscle ratio in order to enhance second 
league volleyball players’ individual performance and decrease the possibility of injuries on lower extremity. 
Therefore, it is recommended that second league coaches and players should be informed about isokinetic strength. 
Coaches can include some lower extremity strength exercises such as thera band, Nordic curl and leg curl in their 
practice schedule, which can raise players’ isokinetic strength level to desired level. 
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