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The purpose of this study was to compare the effect of different training programs upon 
the kinematics and performance in overarm throwing in experienced female handball 
players. No significant change in ball velocity (p=0.25) was found after the different 
training programs. However, the changes that occurred in ball velocity were probably 
caused by the changes in maximal internal shoulder rotation after the training period as 
indicated by the positive correlation. However, more studies that examine the kinematics 
in overarm throwing before and after training have to be conducted before it can be 
stated with more accuracy that it is maximal internal shoulder rotation velocity, which is 
responsible for the changes in throwing performance (velocity).   
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INTRODUCTION: Maximal throwing velocity in overarm throwing is of major importance in 
many team sports like baseball, cricket, netball and handball. A lot of studies examined the 
effect of different types of training with the goal to enhance throwing velocity (van den Tillaar 
2004). Most of the time throwing velocity was just measured before and after a training 
period and concluded if training was successful or not. However, what exactly changes after 
training with the throw was often not known. Some studies tried to explain it by testing the 
subjects on bench press or other strength tests to show increased strength in some muscle 
groups (e.g. Edwards van Muijen et al., 1991). However, it is not known if and how these 
possible strength changes help to increase the throwing velocity. Where does the difference 
in throwing velocity come from? Is the increase of throwing velocity the result of strength of 
the distal joints or of the proximal joints or both? To understand more about the possible 
changes caused by the training programs, kinematics would give more information about 
what exactly changes. 
Several studies have examined the kinematics in overarm throwing in different sports (e.g. in 
javelin: Mero et al., 1994; baseball: Matsuo et al., 2001; water polo: Feltner & Taylor, 1997). 
Van den Tillaar and Ettema (2004, 2007) showed that the internal shoulder rotation and 
elbow extension were of major importance for the throwing performance (velocity) since they 
showed a significant correlation with release velocity. However, to our knowledge no study 
has examined the differences in kinematics due to training. The gained knowledge about the 
changes in the kinematics could help trainers to develop more detailed training plans that 
can help the athletes to increase their throwing performance. 
Therefore the aim of this study was to compare the kinematics before and after training in a 
so-called penalty-throwing situation of experienced female handball players. It was 
hypothesised that the changes in ball velocity were caused by the changes in kinematics of 
the major contributors: internal shoulder rotation and the elbow extension. 
 
METHODS: Twenty experienced female handball players (playing in the second-fourth 
division of the Norwegian national competition) volunteered for this study (mean age: 19.9 ± 
2.1 years, mass: 67.3 ± 7.5 kg, height: 1.69 ± 0.03 m, training experience: 11 ± 1.5 years).  
After a general warm-up of 15 minutes, the subjects performed a standing throw with holding 
the front foot on the floor during throwing, also called a penalty throw. Pre- and post-tests 
were performed on maximal throwing velocity with weight adjusted javelin balls 

Results of coordination (cross correlation) analysis can be seen in table 1. There was a split 
in participant trends with four displaying strong coordination between the elbow and wrist 
joints and three exhibiting lower values. There was a trend toward higher correlation values 
and lower variability values for successful shots compared with unsuccessful trials as well as 
all trials combined. This suggests that coordination between the elbow and wrist is important 
for successful production of the water polo shot. Additionally, when considered with the 
variability traces presented (figure 1) it may provide support for theories of compensatory 
coordination, that is a compensatory relationship between the wrist and elbow where the 
wrist is able to correct for any errors the performer may detect in elbow displacement. The 
fact that all bar one participant exhibited a positive lag (correlation larger on a time delay) 
may provide further support for this. Moreover, this may be the mechanism by which 
participants were able to produce the consistent release parameters reported. 
 

Table 1 
Peak mean cross correlation coefficient (Max r), standard deviation (SD) and coefficient of 

variation (CV%) results for participants 1 – 7 for unsuccessful (Miss), successful (Hit; 
participant 6 had insufficient data for analysis) and combined trials (All) 

  All Hit Miss 
  Max r SD CV% Max r SD CV% Max r SD CV% 
1 .871 0.122 14.03% .910 0.040 4.43% .842 0.142 16.81% 
2 .773 0.059 7.68% .806 0.028 3.52% .764 0.064 8.43% 
3 .711 0.173 24.31% .644 0.211 32.81% .748 0.179 23.88% 
4 .856 0.082 9.64% .862 0.081 9.44% .854 0.090 10.51% 
5 .183 0.345 187.83% .240 0.261 108.66% .392 0.116 29.63% 
6 .325 0.096 29.64% - - - .312 0.114 36.39% 
7 .459 0.223 48.62% .522 0.218 41.69% .399 0.232 58.11% 

 
CONCLUSION: This study sought to quantify the variability present in the kinematic and 
coordination variables of the throwing arm and ball release parameters during the water polo 
shot. Variability was present in all measures. The movement was characterised by lower 
variability in wrist kinematics at release and ball release variables, particularly for successful 
movements. Cross correlation results may provide evidence of compensatory coordination 
between the elbow and wrist joints. When assessing and instructing on shooting technique, 
practitioners may prioritise producing consistent release parameters to facilitate consistent 
outcomes as opposed to completely invariant (repeatable) techniques. 
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RESULTS: During the progression of the study, nine subjects withdrew because of injure (5 
subjects) or not being able to attend sufficient training sessions (4 subjects). Since the main 
aim was to investigate the kinematics and performance changes the three groups were taken 
together. 
No significant increase (p=0.25) in throwing velocity was found after the intervention period, 
since four subjects did not increase their throwing velocity (table 1). However, significant 
differences (p<0.05) were found for maximal linear velocity of distal endpoints of segments of 
the arm and the forearm and the timing of the occurrences for the forearm and trunk (table 
1). Also significant differences occurred for knee angle at ball release and the maximal trunk 
tilt sideways angle after the training period (table 3). No other significant differences were 
found for the maximal angular joint velocities, angles and their timing (table 2 and 3). 
  

Table 1 
Maximal linear velocity of distal endpoints of segments during the throw and their timing 

before ball release 
 Max velocity (m/sec)   Timing max velocity (s) 
Variable Pre test Post test Pre test Post test 
Ball velocity 18.0±1.7 18.5±1.5 0±0 0±0 
Forearm 11.8±0.9 12.3±0.6* -0.012±0.006 -0.009±0.008* 
Arm 9.1±1.0 9.7±0.8* -0.059±0.009 -0.059±0.014 
Trunk 4.4±0.8 4.8±1.1 -0.046±0.025 -0.030±0.022* 
Lower extremity 2.8±0.5 2.6±0.3 -0.135±0.039 -0.135±0.024 
* indicates a significant difference between throws at pre and post-test 

 
Table 2 

Maximal angular velocity of the different joints during the throw and their timing before ball 
release 

 Max velocity (rad/sec) Timing max velocity (s) 
Variable pre test post test pre test post test 
Pelvis rot. 10.5±2.5 9.6±1.9 0.110±0.027 0.105±0.025 
Shoulder hor. add. 4.2±2.2 4.6±1.6 0.091±0.038 0.081±0.040 
Upper torso rot. 17.0±3.4 18.3±3.4 0.065±0.029 0.053±0.028 
Knee ext. 6.1±2.1 7.0±1.9 0.039±0.026 0.028±0.028 
Trunk tilt 6.3±1.8 6.7±1.4 0.023±0.014 0.019±0.013 
Trunk tilt sideways 5.3±2.0 5.3±1.8 0.024±0.029 0.019±0.026 
Shoulder abduction 7.5±2.4 8.8±2.0 0.072±0.051 0.081±0.037 
Elbow ext. 21.1±4.8 21.8±3.0 0.007±0.006 0.004±0.005 
Int. Shoulder rot. 25.1±9.1 31.5±22.0 0±0 0±0 

 
Table 3 

Angles at T0, max. angles (o) during the throw and the timing before ball release (s) 
 Angle at T0 Max angle Timing max angle 
Variable pre test post test pre test post test pre test post test 
Knee angle 36±14 27±16* 62±14 59±14 0.153±0.033 0.151±0.029 
Pelvis angle 71±13 72±12 171±4 173±4 0.398±0.128 0.389±0.089 
Upper torso angle 53±14 50±14 190±7 196±6 0.296±0.066 0.283±0.060 
Trunk tilt sideways 61±12 63±9 87±8 92±8* 0.358±0.113 0.306±0.085 
Trunk tilt 62±8 64±11 87±5 86±4 0.322±0.088 0.314±0.181 
Shoulder hor. add. 2±8 3±8 -14±9 -13±8 0.274±0.168 0.306±0.207 
Shoulder abduction 79±13 79±10 85±11 85±9 0.110±0.105 0.100±0.086 
Int. shoulder rot. 93±15 99±13 136±17 136±19 0.167±0.059 0.182±0.088 
Elbow angle 60±12 66±14 102±10 105±13 0.073±0.035 0.060±0.011 

* indicates a significant difference between throws at pre and post-test 

 

(circumference 0.3m; regular handball mass 0.360kg). The instruction was to throw as fast 
as possible aiming at a 0.5m by 0.5m-square target at 1.65m height. The subjects threw until 
three hits were performed for each ball. Only throws that resulted in target hits were 
considered for further analysis. After the test the subjects were matched on throwing velocity 
and allocated to the strength, variable and control groups, accordingly. All groups performed 
an assigned training program alongside with their normal handball training three times per 
week for a period of 8 weeks. The training forms were matched for total training load, i.e. 
impulse generated on the ball or pulley device (Ettema et al., 2008). This meant that the 
control group threw 84 times per training with a regular ball (0.36 kg). The variable training 
group threw each session 50 times with overweight balls (0.432 kg) and 36 times with 
underweight balls (0.288 kg). The last group trained each session 3 sets of 6 reps at 85 % of 
1 RM, consisting of a throwing movement on a pulley device. 
Throwing velocity, velocity of the different segments and joints was measured using a 3D 
motion capture system (Qualysis, Sävedalen, Sweden, six cameras, 240 Hz) that measured 
the position of the reflective markers (2.6 cm diameter) on the following anatomical 
landmarks: a) Ankle: malleolus of the front leg, b) Knee: lateral epycondyle of the front leg, c) 
Hip: trochanter major on both sides, d) Shoulder: lateral tip of the acromion on the both 
sides, e) Elbow: lateral epicondyle of the throwing arm, f) Wrist: radial styloid process and 
ulnar styloid process of the throwing arm, g) Ball: half a hemisphere of the javelin ball was 
covered with reflective tape to identify the center of the ball.  Computation of velocity of the 
different distal endpoints of segments and joints and the ball was done using a five point 
differential filter (van den Tillaar and Ettema, 2003; 2004). The subjects had approximately 1-
minute rest between each throw. 
The moment of release was derived from the change in distance between the wrist and the 
ball. At the moment the ball leaves the hand the distance between the wrist marker and the 
ball marker increases abruptly and dramatically.  
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Figure 1: Definition of the different kinematic parameters: (a) horizontal adduction shoulder (b) 
internal shoulder rotation (c) shoulder abduction (d) pelvis and upper torso rotation (e) elbow 
flexion (f) trunk tilt forwards and knee flexion (g) trunk tilt sideways. 

The angles and angular movement velocities of the different joints were derived from relative 
positions between the different markers according to the same methods used as van den 
Tillaar and Ettema (2007). The maximal angle, maximal angular velocity, their timing and 
angle at ball release of the following movements displayed in figure 1 were calculated. 
Timing was measured as time before ball release.  
One-way ANOVA for repeated measures was used and a significance level of 0.05 was used 
to identify differences. Pearson correlation was used to locate intra individual relationships 
between maximal ball velocity and the maximal velocity of the joint movements, maximal joint 
angles, joint angles at ball release, and the timing of these variables. 
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Figure 1: Definition of the different kinematic parameters: (a) horizontal adduction shoulder (b) 
internal shoulder rotation (c) shoulder abduction (d) pelvis and upper torso rotation (e) elbow 
flexion (f) trunk tilt forwards and knee flexion (g) trunk tilt sideways. 
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This paper describes a preliminary study on the biomechanics of the shot in roller 
hockey. This is a Portuguese sport having a most extensive prize list, where Portugal has 
been 15 times world champion, 20 European champions in senior male competition and 
won three world championships in senior female. Despite this impressive collection of 
titles, hockey continues to be the lesser studied sport, concretely regarding studies on 
biomechanics. The influence of sports equipment in the athlete’s performance and a 
detailed analysis of the main technical gestures had not motivated yet the researchers for 
detailed studies to enable their optimization. The purpose of this study was to 
characterize the mechanical properties of the stick (Aleu) and its influence on the shot 
power. 
 
KEY WORDS: biomechanics, penalty stroke, roller hockey. 
 

INTRODUCTION: The roller skate hockey is a team game where athletes run on wheels, 
which require high level of motor coordination. In roller (or rink) hockey the floor contact is 
materialized by eight supporting points having defined values of friction and rolling contact 
factors of the wheel/floor pair. Such constraints severely limit some of the athletes’ 
movements, this imposing alternative training and skill in terms of balance and handling in 
the player’s attitude. Also the interaction between the player and the ball is equivalent to a 
system of multi-body dynamics. 
The shot is a muscular power movement demanding a great commitment to improve this 
motor action. During this movement a huge amount of muscle energy is generated in a short 
time interval, while the athlete tries to stand in perfect balance just on one foot. This action 
can be dynamically modelled in the scope of Applied Mechanics with the theorem of 
momentum, where the impulse on the ball during the shot represents the quantity of motion 
by the athlete´s body. It should be noted that the speed of the ball weighting some 0.144 kg 
topped by a senior athlete easily reaches 100km/h. In opposition to ice hockey the stick is 
never used as a spring like in the slap shot.  
 
METHODS: In this work were involved 15 athletes from different positions and levels from 1st 
(7) and 2nd (8) Portuguese league, with the mean age of 24 ± 6 years old, 1.75 m ± 0.05 m of 
height and weighting 75 kg ± 8 kg, free for history of muscle injury. A high speed video 
camera Photron Fastcam SA 2, placed in a tripod in the sagittal plane and sampling at 1000 
Hz was used to record the shooting trials performed by the athletes. This high sample rate 
was used to accurately visualize the deformation of the stick during the interaction with the 
ball and estimate the corresponding bending angle and contact time during the hit. A Stalker 
ATS radar (33.4 to 36 GHz) was placed behind the goal, in the frontal plane to the athlete, to 
collect the ball velocity data. Each athlete comprises 3 shot trials. 
To better understand the stick behavior a numerical simulation of the stick/ball interaction, 
considered the stick as the deformable element, while the ball is assumed as perfectly rigid, 
was performed with Pseudo dynamic techniques. This study where used to simulate the 
mentioned stick-ball interaction during the energy transfer between the athlete and the ball. 
Alongside some experimental devices were constructed to assess the main characteristic 
parameters of the stick that influence the shot, i. e., weight, C.G. position and weight in 
balance. It should be noted that each athlete tries to adapt the stick to their physical 

Only significant correlations were found between the change of maximal ball velocity with the 
change of the maximal angle of the trunk tilt sideways (r=.84), maximal angular velocity of 
the internal shoulder rotation (r=.75). Also change in ball velocity correlated negatively with 
the maximal trunk tilt forwards velocity (r=-.70). No other significant correlations were found. 
 
DISCUSSION: No increased performance (ball velocity) was found after the training period. 
However, the maximal linear velocity of the endpoints of the forearm and arm increased after 
the training period indicating that the training can increase throwing performance. The reason 
that the ball velocity did not increase could be due to the ineffective use of the wrist and 
finger flexions that were not studied in this study. Also the use of different training regimes 
could influence the total ball velocity. However, in every group there was at least one subject 
that did decrease her performance. A weakness of the study is that there were only a few 
subjects that conducted the whole study. This was the result of a few dropouts (around three 
in each group), which made it impossible to study feasible differences in kinematics due to 
the different training regimes.  
It was hypothesized that the change in performance was caused by the change in maximal 
velocity of the elbow extension and the internal shoulder rotation. Only a significant positive 
correlation with the internal shoulder rotation was found indicating the important contribution 
of this movement in overarm throwing. This was in line with the earlier results of van den 
Tillaar and Ettema (2004, 2007) in male handball players. Due to the low number of subjects 
in the current study and the use of different training regimes no clear statement can be given. 
We suggest that future studies with more subjects should focus upon training the internal 
shoulder rotation to enhance throwing performance and that kinematics are measured to 
gain more knowledge about the actually changed differences in technique due to training. 
 
CONCLUSION: Despite non-significant in the present study, possible changes in ball 
velocity after different types of training are probably caused by the changes in maximal 
angular velocity of the internal shoulder rotation as indicated by the positive correlation. 
However, studies with more subjects involved in training the internal shoulder rotation should 
be conducted before it is possible to come to a general statement about the technique 
changes (kinematics) due to training. 
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