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It is assumed that a high impact height and therefore a high jump height is a relevant 
factor for success in volleyball spikes. The purpose of the study was to investigate 
whether the speed of the vertical movement of the centre of mass during the approach 
phase affects the jump height or not. Therefore, spikes from position IV were analysed at 
a tournament of the European League. Results showed that the faster the COM can be 
lowered and the faster the direction of the COM movement can be turned into an upward 
movement, the higher the jump height can be. This should be addressed within the 
training process. 
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INTRODUCTION: In volleyball the impact height in spike jumps is an important factor of 
success (Neef & Heuchert, 1978, Tilmann et al., 2004). The optional target area at the 
opponents court increases with rising impact height of a volleyball spike jump. It is possible 
to raise the impact height by increasing the jump height. Hence, the aim of this study was to 
find parameters during the approach phase affecting the jump height in spike jumps from 
position IV. 
The knee angles and their time histories describe the amount of the lowering movement of 
the centre of mass (COM) during the approach. Together with the closing time and step 
length these parameters characterises the execution of the approach. It is anticipated that 
COM height decreases together with a lower knee angle in the last step. For storing energy 
in the elastic elements, the amount and velocity of the knee bending and therefore, the 
elongation of the knee extensor muscles and the time history of these variables are important 
describing parameters. Komi & Bosco (1978) suggested that the power output of extensor 
muscles could be increased by a lengthening movement previous to the concentric phase. 
Komi & Bosco (1978) explained this with the storing of elastic energy in the elastic elements 
of a muscle. It is of deeper interest to investigate whether an optimum range of this extension 
movement could be found for the approach of the volleyball spike, only using 3D-data of a 
motion analysis during competition or not. 
 
METHODS: The database included spike movements performed by male outside hitters of 
the national teams of Croatia, Estonia, Germany and the Netherlands. The data were 
recorded during a European League tournament. Since the most important spike position 
used by international top level teams is position IV (Kuhlmann et al., 2008), only spikes from 
this position were considered. Position IV is the position of the outside hitter at the left side of 
the court in front of the net. The pass was always played half high and without combination. 
Fast or unscheduled actions due to a bad pass were excluded. Therefore, only actions were 
accepted when the outside hitters always had enough time to prepare themselves for an 
optimal spike jump, including the approach and the takeoff. All subjects performed a step-
close technique, identified by Coutts (1982). The flight angle of the ball after impact had to be 
110° to 145° to the net to improve the standardisation of the boundary conditions. 
Ten elite outside hitters of different national teams of the highest order were analysed. This is 
equivalent to approximately 10% of the outside hitters playing in national teams on highest 

the landing phase that follows volleyball jumps aimed at spiking and blocking are controlled 
in the open loop of the neuromuscular process. In the Bernstein motion control model 
(Morecki et al., 1971, Nigg and Herzog, 1999) the time of complete circulation of information 
from the program to the controlling mechanism by amplification – from the spinal cord to the 
muscles - exceeds the values of time ranges of duration of these phases in the analyzed 
movements. Such an exceptionally short time of generation of impact forces, renders as 
impossible the introduction of correction signals into the random movement control loop.   
Generation of the highest values of ground reaction forces during landing after a back row 
attack spike is caused by the fact that in this technical element the locomotive system of the 
female volleyball players during the take-off phase is characterized by the highest values of 
take-off dynamics parameters and height of elevation of the general mass center during the 
flight phase. The technical correctness of this movement technique during the volleyball 
match is in its principle aimed at performing the jump with optimal values of these kinematic-
dynamic parameters in order to dynamically spike the ball above the opponent's block.  
Short times of tlzmax and high values of Rzlmax, which exceed several times the body weight 
(BW), produce high values of force buildup indexes Izl, which exceed the 100 BW/s value 
during landings after spikes. This indicates the existence of significant loads acting on the 
locomotive apparatus of the players during the so called impact phase of the landing, during 
the eccentric work of the muscles responsible for extending joints of the lower limbs during 
movements specific to volleyball players. 
 
CONCLUSION: This study has demonstrated that the impact phase of blocks and spikes 
produces relatively high peak and average values of ground reaction forces and force 
buildup indexes. Forces that put the highest strain on the locomotive system were generated 
during the landing phase that followed a back row attack spike. Accumulation of these loads, 
caused by repeated performance of jumps during the entire sports career of volleyball 
players, may in the end result in exceeding the strength of muscle, bone and ligament 
tissues. That is why the loads acting on the locomotive apparatus of female volleyball 
players during the landing phase of blocks and spikes constitute a serious traumatogenic 
factor. 
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Afterwards it can be utilised for power output. When not using the stored energy it dissipates 
and cannot be used for raising the power output anymore. That means the shorter the period 
of time between lengthening and shortening the less stored energy dissipates. This can be 
explained by the cross-bridge binding. The coupling time lasts from 15 ms (Stienen et al. 
1978) to 120 ms (Nicols, 1973). After this time period the cross-bridges releases. The more 
cross-bridges exist, the more elastic energy can be stored in the muscle. After the coupling 
time expires, the cross-bridges releases and stored energy dissipates. The described data 
shows this effect of utilising stored energy by the negative correlation coefficient between 
ΔtVCOMlow / VCOMvert and the jump height. The shorter the time difference between the storage of 
the elastic energy and reinstating it, the more stored energy can be used and the higher the 
jump height can be. 
ΔtvCOMlow / LFGC was calculated as 312 ± 43.7ms. The time period from vCOMlow to the maximum 
vertical acceleration of the COM (aCOMvert) was calculated as 220 ± 37.4ms. Both time 
intervals are longer than the coupling time described in the literature, but both describe the 
velocity of the movement in the stretch-shortening cycle (SSC). Because of the extended 
amplitude of this movement it is assumed that most cross-bridges releases during the 
movement. 
 
CONCLUSION: It has to be an aim to raise the impact height in spike jumps of outside 
hitters in volleyball. The higher the impact height, the higher the chance for a successfull 
spike jump (Neef & Heuchert, 1978). There are several possibilities to increase the impact 
height. Kuhlmann et al. (2009) showed that the body posture during the flight phase and at 
the moment of impact might have an influence on the impact height. Another possibility is to 
increase the jump height. There are several parameters in the approach phase influencing 
the jump height. In this study it was shown that the time period between the maximum 
lowering velocity in vertical direction of the COM (vCOMlow) and the last frame of ground 
contact and also the time period between vCOMlow and aCOMvert correlates with jump height. 
The shorter these time intervals the higher the jump height. In the same way the maximum 
value of vCOMlow influences the jump height. The faster the COM can be lowered and the 
faster the direction of the COM movement can be turned into an upward movement, the 
higher the jump height can be. It might be useful for coaches concentrate their attention on a 
fast and resolute performance of this part of the approach. 
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international level. The sample had a mean body height of 198.8  4.4cm and a mean body 
mass of 92.0  5.3kg. From each player one spike jump was analysed. The study concurred 
in the exigencies of the ethics committee for human research and in current local laws and 
regulations. Due to the camera positions, no effect on the players or on the results occurred. 
Four digital cameras (BASLER A602fc-2) were positioned around the volleyball court 
capturing the spikes with a frame rate of 100 Hz. The cameras were activated and triggered 
externally. The frame rate was also externally controlled. The accuracy of the frequency 
controlling was previously tested. No relevant irregularity in the frequency was reported. 
The calibration of the measurement setup and the methodology of the data-processing was 
described by Kuhlmann et al. (2007) in detail. A verification of this method by calculating 
points with known 3D coordinates showed an accuracy of 9.9  7.7 mm (x-direction), 
4.7  1.4 mm (y-direction), 8.3  4.4 mm (z-direction). 
All digitisers had to digitise the same standardised test videos before they were allowed to 
start the original digitising process for this study. Inter-digitiser reliability was investigated by 
calculating differences of angles and changes in segment length of selected angles and 
segments of these test-videos. Inter-digitiser reliability was calculated as 0.07 ± 0.06° for 
angles and 1.3 ± 0.9mm for changes in segment length in the mentioned test videos. 
17 anatomical landmarks were digitised in each frame of all four cameras to calculate the 
centre of mass (COM) using the HANAVAN-Model. The values of COM-height, maximum 
COM-lowering velocity (vCOMlow) and time differences were calculated from the 3D-
coordinates, provided by the software SIMI-Motion. Jump height (JH) was calculated as the 
difference of COM-height at the last frame of ground contact and the highest COM in the 
flight phase. COM-vertical velocity at the last frame of ground contact (vCOMvert) was 
calculated, because this is the last moment to influence the jump height and jump direction of 
the COM. The flight characteristics of the COM cannot be influenced when airborne. 
Kendall’s correlation coefficient was calculated to detect coherence between those 
parameters. Statistical evaluation of the data was conducted using SPSS 16.0. 
 
RESULTS: The mean values of jump height, vCOMlow and vCOMvert are presented in table 1. 
The time period from vCOMlow to the maximum vertical acceleration of the COM (aCOMvert) was 
calculated as 220 ± 37.4ms. Kendall’s correlation coefficient between vCOMlow and jump height 
was calculated as rT=-0.72. For the time period (Δt) between the moment of vCOMlow and the 
last frame of ground contact (ΔtVCOMlow/LFGC) and jump height rT was calculated as -0.74. 
ΔtVCOMlow / aCOMvert correlated with rT= -0.75 with jump height. Kendall’s correlation coefficient 
was calculated as rT= 0.85 between jump height and vCOMvert. ΔtvCOMlow / LFGC was calculated as 
312 ± 43.7ms.  
 

Table 1 
Selected mean values of the sample 

 
 
DISCUSSION: A high negative amount of vCOMlow correlates with a high amount of vCOMvert at 
the last frame of ground contact (LFGC) and with a high appendant jump height. Jump height 
depends directly on vCOMvert. Hence, a high correlation coefficient between jump height and 
vCOMvert is the logical consequence. 
Results show that jump height increases when the time difference between vCOMlow and the 
last frame of ground contact is short. The reason for this effect could be the potentiation of 
power because of the mechanical properties of the muscle. The power output can be 
increased after lengthening the muscle because of the storage of elastic energy (Nicols, 
1973; Stienen et al., 1978) in the muscle. The elastic energy can be stored for a short time. 
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Afterwards it can be utilised for power output. When not using the stored energy it dissipates 
and cannot be used for raising the power output anymore. That means the shorter the period 
of time between lengthening and shortening the less stored energy dissipates. This can be 
explained by the cross-bridge binding. The coupling time lasts from 15 ms (Stienen et al. 
1978) to 120 ms (Nicols, 1973). After this time period the cross-bridges releases. The more 
cross-bridges exist, the more elastic energy can be stored in the muscle. After the coupling 
time expires, the cross-bridges releases and stored energy dissipates. The described data 
shows this effect of utilising stored energy by the negative correlation coefficient between 
ΔtVCOMlow / VCOMvert and the jump height. The shorter the time difference between the storage of 
the elastic energy and reinstating it, the more stored energy can be used and the higher the 
jump height can be. 
ΔtvCOMlow / LFGC was calculated as 312 ± 43.7ms. The time period from vCOMlow to the maximum 
vertical acceleration of the COM (aCOMvert) was calculated as 220 ± 37.4ms. Both time 
intervals are longer than the coupling time described in the literature, but both describe the 
velocity of the movement in the stretch-shortening cycle (SSC). Because of the extended 
amplitude of this movement it is assumed that most cross-bridges releases during the 
movement. 
 
CONCLUSION: It has to be an aim to raise the impact height in spike jumps of outside 
hitters in volleyball. The higher the impact height, the higher the chance for a successfull 
spike jump (Neef & Heuchert, 1978). There are several possibilities to increase the impact 
height. Kuhlmann et al. (2009) showed that the body posture during the flight phase and at 
the moment of impact might have an influence on the impact height. Another possibility is to 
increase the jump height. There are several parameters in the approach phase influencing 
the jump height. In this study it was shown that the time period between the maximum 
lowering velocity in vertical direction of the COM (vCOMlow) and the last frame of ground 
contact and also the time period between vCOMlow and aCOMvert correlates with jump height. 
The shorter these time intervals the higher the jump height. In the same way the maximum 
value of vCOMlow influences the jump height. The faster the COM can be lowered and the 
faster the direction of the COM movement can be turned into an upward movement, the 
higher the jump height can be. It might be useful for coaches concentrate their attention on a 
fast and resolute performance of this part of the approach. 
 
REFERENCES: 
Coutts, KD. (1982). Kinetic differences of two volleyball jumping techniques. Medicine and Science in 
Sports and Exercise, 14, 1, 57-59. 
Komi, PV., Bosco, C. (1978). Utilization of stored energy in leg extensor muscles by men and women. 
Med. Sci. Sports, 10, 261-265. 
Kuhlmann, CH., Roemer, K., Milani, TL. (2007). Aspects of a three dimensional motion analysis of the 
volleyball spike in high level competition. In: HJ. Menzel, MH. Chagas. (Eds.): Proceedings. XXV. 
International Symposium on Biomechanics in Sports. Belo Horizonte: Segrac. 
Kuhlmann, CH., Roemer, K., Zimmermann, B,. Milani, TL., Fröhner, B. (2008). Vergleichende Analyse 
von Technikparametern beim Angriff in definierten Spielsituationen im Volleyball. Leistungssport,38, 5, 
29-34. 
Kuhlmann, CH., Roemer, K., Milani, TL. (2009). Elite outside hitters in volleyball do not meet their 
individual possible maximum impact height in high spike jumps. In: AJ. Harrison, R. Anderson & I. 
Kenny (Hrsg.). Proceedings. XXVII International conference on Biomechanics in Sports. Limerick, 
Ireland. 
Neef, W., Heuchert, R. (1978). Kennzeichnung der Abhängigkeiten und Beziehungen zwischen den 
Handlungshöhen und Handlungspositionen von Angreifern und Block einerseits und der Trefffläche im 
gegnerischen Feld andererseits im Volleyball. Wiss. Zeitschrift der Deutschen Hochschule für 
Körperkultur Leipzig, 19, 2, 127–136. 
Nicols, TR. (1973). Reflex and non-reflex stiffness of soleus muscle in the cat. In: RB. Stein, KB. 
Pearson, RS. Smith, JB.Redford (Eds.): Control of posture and locomotion, 407-410. New York. 
Stienen, GJM., Blange, T., Schneer, M. (1978). Tension response of frog sartorius muscle to quick 

 
 

  

international level. The sample had a mean body height of 198.8  4.4cm and a mean body 
mass of 92.0  5.3kg. From each player one spike jump was analysed. The study concurred 
in the exigencies of the ethics committee for human research and in current local laws and 
regulations. Due to the camera positions, no effect on the players or on the results occurred. 
Four digital cameras (BASLER A602fc-2) were positioned around the volleyball court 
capturing the spikes with a frame rate of 100 Hz. The cameras were activated and triggered 
externally. The frame rate was also externally controlled. The accuracy of the frequency 
controlling was previously tested. No relevant irregularity in the frequency was reported. 
The calibration of the measurement setup and the methodology of the data-processing was 
described by Kuhlmann et al. (2007) in detail. A verification of this method by calculating 
points with known 3D coordinates showed an accuracy of 9.9  7.7 mm (x-direction), 
4.7  1.4 mm (y-direction), 8.3  4.4 mm (z-direction). 
All digitisers had to digitise the same standardised test videos before they were allowed to 
start the original digitising process for this study. Inter-digitiser reliability was investigated by 
calculating differences of angles and changes in segment length of selected angles and 
segments of these test-videos. Inter-digitiser reliability was calculated as 0.07 ± 0.06° for 
angles and 1.3 ± 0.9mm for changes in segment length in the mentioned test videos. 
17 anatomical landmarks were digitised in each frame of all four cameras to calculate the 
centre of mass (COM) using the HANAVAN-Model. The values of COM-height, maximum 
COM-lowering velocity (vCOMlow) and time differences were calculated from the 3D-
coordinates, provided by the software SIMI-Motion. Jump height (JH) was calculated as the 
difference of COM-height at the last frame of ground contact and the highest COM in the 
flight phase. COM-vertical velocity at the last frame of ground contact (vCOMvert) was 
calculated, because this is the last moment to influence the jump height and jump direction of 
the COM. The flight characteristics of the COM cannot be influenced when airborne. 
Kendall’s correlation coefficient was calculated to detect coherence between those 
parameters. Statistical evaluation of the data was conducted using SPSS 16.0. 
 
RESULTS: The mean values of jump height, vCOMlow and vCOMvert are presented in table 1. 
The time period from vCOMlow to the maximum vertical acceleration of the COM (aCOMvert) was 
calculated as 220 ± 37.4ms. Kendall’s correlation coefficient between vCOMlow and jump height 
was calculated as rT=-0.72. For the time period (Δt) between the moment of vCOMlow and the 
last frame of ground contact (ΔtVCOMlow/LFGC) and jump height rT was calculated as -0.74. 
ΔtVCOMlow / aCOMvert correlated with rT= -0.75 with jump height. Kendall’s correlation coefficient 
was calculated as rT= 0.85 between jump height and vCOMvert. ΔtvCOMlow / LFGC was calculated as 
312 ± 43.7ms.  
 

Table 1 
Selected mean values of the sample 

 
 
DISCUSSION: A high negative amount of vCOMlow correlates with a high amount of vCOMvert at 
the last frame of ground contact (LFGC) and with a high appendant jump height. Jump height 
depends directly on vCOMvert. Hence, a high correlation coefficient between jump height and 
vCOMvert is the logical consequence. 
Results show that jump height increases when the time difference between vCOMlow and the 
last frame of ground contact is short. The reason for this effect could be the potentiation of 
power because of the mechanical properties of the muscle. The power output can be 
increased after lengthening the muscle because of the storage of elastic energy (Nicols, 
1973; Stienen et al., 1978) in the muscle. The elastic energy can be stored for a short time. 
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The purpose of this study was to quantify and analyze professional Futsal teams’ 
organization on the court in shots to goal and tackles situations. Two-dimensional 
coordinates of 22 players’ positions were obtained during a match between Brazil and 
Paraguay using a computational tracking system. Team organization in 58 specific 
situations of shots to goal and 120 tackles were analysed. The variables quantified were 
teams’ coverage area and distance between teams’ centroids. Results showed that 
defending team coverage area was greater (p<0.01) when tackles were performed (47.7 
± 37.8 m2) than when the team suffered shots to goal (30.7 ± 28.0 m2). The average 
distance between centroids was greater (p<0.01) in shots to goal (5.2 ± 2.7 m) than in 
tackles situations. These results can provide valuable insights for coaches. 
 
KEY WORDS: Computational tracking, tactics, team coverage area and centroid. 
 

INTRODUCTION: A considerable amount of researches have been devoted to establishing 
the need for objective forms of analysis and their importance in the coaching process 
(Hughes, 1996). Using automatic tracking systems, researchers have evaluated players' 
physical efforts during soccer and futsal matches, such as distance covered and high-
intensity running (Barbero-Alvarez, Soto, Barbero-Alvarez & Granda-Vera, 2008; Barros et 
al., 2007; Bradley et al., 2009; Castagna, D'Ottavio, Granda Vera & Barbero Alvarez, 2009). 
However, there is a lack of studies about the tactical features of futsal teams, as it relates to 
players’ organization on the court. 
Futsal is an invasion game, to score a goal it is fundamental to advance on the pitch. 
Therefore, players should organize their positions collectively to increase shots to goal 
opportunities when attacking and to increase tackles chances when defending. Frencken and 
Lemmink (2009) evaluated players’ organization in nine attacks of two four-a-side games, 
considering teams’ surface areas and the distance between the centre of the teams 
(calculated as the mean coordinate (x, y) of all players of the same team). The authors 
affirmed that the variables analyzed changes as a result of a perturbation, such as loss of 
possession or a goal. Therefore, an analysis of teams’ organization during tackle and shots 
to goal situations can provide valuable tactical information that can be used during specific 
training sessions. 
However, no studies were found with this kind of analysis during professional futsal matches. 
Small sided games, as analyzed by Frencken and Lemmink (2009), are similar to futsal 
game but may not represent the real situation of a high level competitive match. Thus, the 
purpose of this study was to analyze professional futsal players’ organization on the court, by 
quantifying teams’ coverage areas and the distance between teams’ centroids in shots to 
goal and tackles situations. Specifically, we were interested in evaluate if defending team has 
a different organization when performs a tackle than when suffers a shot to goal. Additionally, 
we analyzed if attacking team also has a different organization on the court when performs a 
shot to goal than when suffers a tackle.  
 
METHODS: Images from an International Futsal Challenge match between Brazilian and 
Paraguayan teams in 2010 were recorded. The entire match had 22 different players’ 
participating. Four high definition cameras (JVC GZ-HD6), with a 30 Hz sample frequency, 
registered the images. These cameras were positioned in high places of the gymnasium and 
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