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SUMMARY 
The aim of this study was to investigate the kinematic 
parameters of volleyball spike to see how much difference 
between genders. Six players of each gender were conducted 
as subjects for this study. Two digital video cameras (250 Hz) 
were used to collect kinematic data. Three-dimensional 
coordinates were generated by using direct linear 
transformation method. Twenty kinematic parameters were 
analyzed from the plant phase to airborne phase. An 
independent sample t-test was used to test the parameters. 
Significant differences were observed in the movement of the 
centre of mass, the angles of the lower limbs flexion as well as 
the angle between trunk and vertical line while in plant phase, 
the velocity of the upper limb joints in forward swing and the 
ball velocity (p<.05). Females had stiffer trunk postures, larger 
angular flexion of the lower limb joints and slower velocities 
of CoM during the plant phase which may cause lower 
jumping heights. The slower velocities of upper limbs in 
females may caused by weaker muscle strength and this may 
reduce slower ball velocity. If females could adjust their 
posture during the plant phase and improve their limbs muscle 
strength then it will increase the jump height and ball velocity. 
 
INTRODUCTION 
The amendments of rules completely change the structure of 
modern volleyball games and make attack to become the main 
tactic for score. According to anthropometric surveys, there 
are distinct gender differences in skeletal dimensions and 
neuromuscular system. Therefore, the volleyball spiking 
patterns of the two genders are also very much different. 
 
Forthomme et al. (2005) found there were significant 
moderate relationships between jumping flight time in the 
counter movement jump and spiking velocity (r=0.44) as well 
as the height of impact with ball and spiking velocity (r=0.51) 
in male players [1]. However, no significant relationship was 
found by Ferris et al. [2] in females. More research is needed 
in order to understand the effects of jump height and other 
kinematic factors in spiking velocity between two genders. It 
is important to identify gender-related kinematic differences in 
volleyball spike from the plant phase to airborne phase (see 
Figure 1). Their differences may play an important role in the 
development of volleyball spike strategies. They also could 
help to develop more effective training programs to enhancing 
the spiking ability for volleyball players. 
 
 
 

METHODS 
There were 6 female (age 20.0 ± 1.3 yr, height 169.9 ± 2.2 cm, 
mass 65.2 ± 4.0 kg) and 6 male (age 20.9 ± 1.5 yr, height 
186.9 ± 7.9 cm, mass 78.9 ± 8.6 kg) of university volleyball 
players participating in this study. All participants were 
physically healthy and right-hand dominant. Two digital video 
cameras (JVC9800, 250Hz) were synchronized to record the 
subjects’ performance of the volleyball spike in position 4. 
Twenty-five control points were used for direct linear 
transformation (DLT) calibration. The motion direction was 
defined as X axis- mid-lateral, Y axis- ante-posterior, Z axis-
vertical. Each subject was asked to perform five successful 
spikes into the valid area (see Figure 2). Twenty-one body 
landmarks (head, ears, shoulders, elbows, wrists, fingers, hips, 
knees, ankles, heels, toes) were digitized with the Kwon 3D 
software. The Butterworth function with the optimal filtering 
option was used to filter the data. The jump height was 
defined as the distance between vertical displacement of the 
centre of mass (CoM) from take-off to the highest point and 
normalized by each participant’s body height. The CoM 
horizontal displacement was measured from take-off to impact 
the ball. An independent sample t-test was used to test the 
variables between males and females spike. 
 

 
Figure 1: Definition of phases during spike movement. 

 

 
Figure 2: Experimental setup of the volleyball spike. 



RESULTS AND DISCUSSION 
The kinematic parameters were shown in Table 1. In the 
plant phase there were five parameters illustrating their 
significant difference between two genders. They were: the 
horizontal velocity of touch down, the angle of trunk tilting 
forward from vertical line, the angles of right hip, right ankle 
and left hip. At the moment of take-off there were also 
showing significant difference in vertical and horizontal 
velocities between females and males (p<.05). The ranges of 
angular flexion were much larger in males. The angle of 
trunk to tilt forward from vertical line was also noticeably 

larger in male players. The average angle was almost 16° 
larger than female players. In the airborne phase, there were 
seven parameters showing their significant differences 
between two genders. They were jump height, ante-posterior 
displacement of CoM, ball velocity at the instant after spike 
and the maximum velocities of the four  upper limb joints 
during the forward swinging (p<.05). 
 
Previous study indicated that an increased flexion angle 
enables an athlete to develop force for a longer period, which 
will increase his momentum to have the greater jump height 
[3]. The difference of angular flexion of lower limbs and the 
angle of trunk forward tilt from vertical line between genders 
may cause the major factors to influence the jumping height 
in female players. The result of smaller angular flexion of 
lower limb joints may have influenced the contribution of 
stretch reflexes and/or recoil of elastic energy during the 
stretch-shortening cycle of the jump [4], which would lead to 
decreased forces and thus lower jumping heights. Normally, 
female players don’t have enough lower limbs muscle 
strength. That may cause the result of smaller angular 
flexion in lower limb joints. If more strength development is 
emphasized in lower limb segment then it may increase the 
angular flexion of the lower limb joints in the plant phase. It 
will also contribute to transfer ante-posterior velocity into 
vertical velocity. The ante-posterior displacement of the 
CoM during airborne phase is closely related to maximal 
ante-posterior velocity of the CoM at take-off, the outcome 
of strengthening the lower limb muscle will also contribute 
to this performance. According to Newton’s second laws we 
believe that it will also increase the power of the volleyball 
spike. 
 
According to the kinetic link principle, body segments 
generate high end-point velocity by accelerating adjacent 
links from proximal to distal, so we saw the finger joint had 
faster velocity than other joints. Although we found the joint 
angle of the upper limbs were similar in both genders at the 
moment before spiking and ball contact, but all the joint 
velocities of the upper limbs were faster in male players than 
in female players during the forward-swing phase. It might 
also because of the less of muscle power in female players. 
Therefore, we suggested that female players should focus on 
high speed resistance training to their upper limbs too, which 
could help them to increase their spiking velocity. 
 
 
 

CONCLUSIONS 
Our results revealed that female players had stiffer postures 
and slower velocities of CoM than male players during the 
plant phase which may cause to decrease their jumping 
heights. The slower velocities of upper limbs in females may 
caused by weaker muscle strength and this may not to 
generate faster ball velocity. Therefore, we suggest that 
female players should increase their angular flexion of lower 
limbs and the angle of trunk forward tilt from vertical line 
during the plant phase and improve their lower and upper 
limbs muscle strength. Then it will consequently increase the 
jump height and initial ball velocity. 
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Table 1: Summary of variables (mean ±s; n=12). 
 

Variables Male Female 
Plant phase 
Velocity of  touch down 
(m/s)*  

3.78±2.31  2.83±1.26  

Min. CoM height (%) 0.46±0.02 0.47±0.02 
Max. Vy CoM (m/s)* 1.33±.17 0.88±.18 
Max. Vz CoM (m/s)* 3.61±.17 2.69±.61 
Trunk forward tilt angle 
from vertical (°)* 

15.64±5.15 -0.42±3.87 

Max. r-hip angle (°)* 108.69±7.1 134.62±10.9 
Max. r-knee angle (°) 97.12±5.71 103.41±5.68 
Max. r-ankle angle (°)* 96.54±5.06 80.53±7.45 
Max. l-hip angle (°)* 110.22±5.83 126.69±9.59 
Max. l-knee angle (°) 128.71±10.35 136.81±9.03 
Max. l-ankle angle (°) 112.18±6.68 116.58±8.28 
Airborne phase   
Jump height (%)* 0.30±0.03 0.20±0.03 
CoM ante-posterior 
displacement (cm)* 

66.15±13.7 34.46±7.4 

Ball Velocity (m/s)* 20.73±1.70 15.14±1.18 
Min. Back-hunching 
Angle (°) 

142.97±3.82 144.16±11.6 

Min. shoulder angle (°) 108.20±6.7 109.10±6.81 
Min. elbow angle (°) 59.18±9.6 57.34±5.56 
Shoulder velocity (m/s)* 4.40±0.68 3.62±0.39 
Elbow velocity (m/s) * 8.75±0.57 7.02±0.58 
Wrist velocity (m/s)* 12.00±0.95 9.61±0.55 
Finger velocity (m/s)* 15.43±0.86 12.40±0.76 
Back-hunching angle at 
BC (°)  

160.71±6.46 157.91±8.56  
 

Elbow angle at BC (°)   129.32±9.23  125.80±10.31  
*Significant difference (p<.05) 
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