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The purpose of this study was to investigate the relationship between joint kinematics 
and joint kinetics of the lower extremity to the decrease in the force time curve in counter 
movement jumps. Thirty-five sports students performed maximum voluntary counter-
movement jumps. Two force plates and a 10 camera optoelectronic system as well as a 
full-body model were used to measure joint kinematics and kinetics. Twelve subjects 
showed a characteristic double peak in force-time-history in the concentric phase. This 
pattern was not directly related to jumping height. However the time for the total 
movement cycle as well as for the concentric phase of the jump was longer. In some 
sports it is necessary the produce maximum impulse in the concentric phase in a short 
period of time. In those cases a different movement strategy might be beneficial. 
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INTRODUCTION: Vertical jumps are commonly used in sport practice. Especially counter 
movement jumps (CMJ) are performed to diagnose muscular strength or ‘explosive power’. 
The time history of the vertical ground reaction force (GRF) of a CMJ decreases below body 
weight during eccentric phase in the counter movement and rises to a few times body weight 
in the concentric phase (Vanezis & Lees 2005, Fukashiro & Komi 1987, Hubley & Wells 
1983). It has been observed that in some cases the time history of the GRF can be 
characterized by a clear decrease in the concentric phase close to the actual force peak 
(figure1). It has not been understood whether or not this decrease in the force time curve is 
associated to a performance loss. In order to understand a possible link between the force 
decrease and jumping performance the source of the force decrease has to be identified. 
Individual characteristics of coordination patterns could be related to the typical force time 
history. The purpose of this study was to relate GRF time histories and the force decrease to 
joint kinetics and kinematics. It was hypothesized that jumpers creating double peaks would 
have a performance deficit.  
 
METHODS: Thirty-five sports students (5 female, 30 male; age 22 ± 4yrs, height 1.81 ± 
0.07m, weight 72 ± 9kg) experienced in vertical jumps participated in this study. All subjects 
were asked to perform three CMJ and to jump as high as possible. The time histories of the 
ground reaction force (GRF) were measured with two AMTI force plates (1000Hz). The 
kinematics of the jumping movements was recorded with 10 Vicon cameras (200Hz). Data 
were time normalized from beginning of the eccentric phase to the instance of take off. The 
joint angles and moments in the sagittal plane of the knee, hip and ankle were calculated 
based on VICON Plug n’ Gait Model. Forces and moments were related on body-weight. The 
double peak in force time curve were defined when the force time curve decrease over 4% of 
maximum force (Fmax) and increase immediately over 4% of Fmax.  
The data were analysed via a univariate ANOVA ( = 0.05), the independent variable were 
set on the jumping groups, depending on the pattern of the GRF time-history curves. Normal 
distribution was ensured via Kolmogorow-Smirnow-tests.  
 
RESULTS: Figure one shows the average of time history of GRF and the knee moment for a 
jump with (n=13) and without force (n=12) decrease. The appearance of the force decrease 
in the concentric phase of the GRF curve was a typical characteristic of certain subjects. 
Subjects either showed the force decrease in all three jumps or did not show the decrease at 
all. In thirteen of the tested thirty-five subjects the force decrease was identified. The point in 

(MHC) isoforms and sarcoplasmic reticulum calcium kinetics (Aagaard, et al., 2002). WBV 
group demonstarted a steeper slope of the knee extensor RFD at 30 and 50 ms than sham 
group. The steeper slope indicates a faster rate to reach maximum joint moment. In addition, 
contractile impulse has been used to access the muscle strength because it incorporates the 
aspect of contraction time and it also reflects the specific time history of contraction which 
includes the overall influence of RFD. Results of the current study also demonstrated higher 
contractile impulses in WBV group than in sham group. The increase in contractile RFD and 
impulse is probably the most important strength adaptation elicited by whole body vibration 
training. As a result, we suggested that whole vibration training not only could increase knee 
extensor muscle strength but also could help knee extensor to contract as faster as forcefully. 
Therefore, we presumed these changes for knee extensor muscle after 8-week whole body 
vibration training might have positive effects on sports involved with explosive power, such as 
sprint running or rapid jumps. 
 
CONCLUSION: After 8-week training, WBV group had better training effects than sham group 
in knee extensor parameters during open kinetic chain exercises. Although WBV training was 
a close kinetic chain exercise, the results of the current study suggested that the positive 
effects of the close kinetic chain WBV training could also pass onto open kinetic chain 
exercises. 
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This research investigated the kinematics and kinetics of the swing leg action in a Rumba 
walk (SLRW). The purpose of this study was to profile the SLRW in an attempt to 
distinguish a common movement pattern of the lower limb kinematics and kinetics in 
expert Latin dancers. Ten subjects (4 men and 6 women) all expert Latin Dancesport 
competitors volunteered to participate in this study. Kinematic data were collected using a 
Vicon Nexus system. Each participant completed the action 5 times. Calculations were 
made for angular velocity and acceleration, Coefficient of Multiple Correlation (CMC) and 
interactive moments. It was found that SLRW is a highly repeatable task in trained 
populations and that the execution of SLRW follows similar patterns of segmental 
interaction as those shown in walking and kicking. 
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INTRODUCTION: Ballroom dancing has surfaced worldwide in recent years as a highly 
competitive and popular sport, as demonstrated by the TV ratings in Europe, the United 
States and Australia during 2005 and 2006 for Dancing With the Stars, the name for a 
number of international television series based on the format of the British series Strictly 
Come Dancing (Tremayne & Ballinger, 2008). There are two forms of competitive ballroom 
dancing; the standard and the Latin styles. The kinematics and kinetics of the swing leg 
action in a Rumba walk (SLRW), a basic action used in Latin dancing were the focus of this 
study.  
The review of the current scientific literature reveals that research into the mechanics of 
ballroom dancing is lacking, because of this limitation the primary aim of this study is to 
profile the expert execution of SLRW in regards to segment kinematics and the utilisation of 
motion dependant interactive moment to accomplish the task. In contrast numerous studies 
concerning lower limb kinematics and kinetics encompassing gait (Park, Choi, Kim,  & Kim, , 
2008), running (Okada & Ozaki, 1999), kicking (Dunn & Putnam, 1986) and martial arts 
(Sorensen, Zacho, Simonsen, Dyhre-Poulsen & Klausen, 1996) were performed. Given that 
a common sequencing of hip and knee motion exist between these tasks and SLRW; hip 
flexion accompanied by knee flexion-extension, data from this study were contrasted to those 
of other forms of movement. 
 
METHODS: Male (4) and female (6) expert Latin Dancesport competitors volunteered to 
participate in this study. The dancer’s sex, height and weight were recorded. Each participant 
was informed of the purpose and design of the study and signed a consent form. This study 
had ethical clearance from the ethical committee of the Australian Catholic University. 
The task required the participants to perform a ‘Rumba Walk’ in a five step sequence. This 
consists of the left leg, initially placed behind the right leg, rapidly moving in front of the right 
leg. Six MX 3-D Vicon cameras sampling at 375 Hz were used to collect the position data of 
skin mounted spherical markers running in Vicon Nexus system. The lower limb plug in gait 
marker set was used to collect data. Participants were not instructed on how to execute the 
SLRW, but only notified of the time to initiate the movement. 
Data post processing allowed the manual cropping the data from start to end of the 
sequence. The start of the action was defined as the point in time where the thigh segment 
shifted from negative (hip extension) to positive (hip flexion) angular velocity. The end of the 
action was defined as the point in which leg segment angular velocity shifted to extension 
into flexion after the leg segment had reached a peak positive angular velocity. 
Position data were time normalised to 100 frames using a code written in Visual Basic. A 
coefficient of multiple correlations (CMC) for segments angular velocities was then obtained 

time of the local GRF minimum was at 78% ± 2% of the total movement cycle. At that time 
the ankle joint was in a dorsal flexed position (40° ± 6°), the knee was flexed at 104° ± 7° and 
the Hip at 90° ± 5°. Subjects showing the force decrease use increased knee and hip flexion 
for the counter movement, indicating a more pronounced downward movement of the center 
of mass. Consequently subjects showing the force decrease perform the total movement in a 
longer time interval (839 ms ± 108) than their counterparts without force drop (672 ms ± 69) 
(p=.001). They also need a longer time period for the concentric phase (333 ms ± 41 vs. 257 
ms ± 28, p=.001). Subjects with the force decrease did not show differences in positive 
impulse (199 Ns ± 30 vs. 184 ± 24, p=.321) and therefore jumping height. 
The data indicates that the force decrease in certain subjects coincides with a not 
coordinated occurrence of the peaks of ankle, knee and hip joint moments. Usually the 
contribution of the knee joint was dominant in comparison to ankle and hip. In subjects with 
force decrease the knee often showed a delayed maximum in the moment time history. 

  
Figure 1: Average force-time-history and moment-time-history for the groups with (left, n=13) 
and without (right, n=12) force decrease. 
 
DISCUSSION: The local decrease in the time history of GRF in CMJ appears to be an 
individual characteristic. This characteristic is related to joint kinematics in the sagittal plane; 
however it is not related to jumping performance in terms of jumping height. Therefore the 
hypothesis that jumpers creating double peaks in the time history of GRF in CMJ have 
performance deficit, is rejected. The current stage of the analysis does not allow deducing 
individual muscular or motor control specifics, which are related to the force drop. It might be 
beneficial however in some sports to produce the same jumping impulse in a shorter time, in 
order to jump high or far having a limited time interval. In that context using the jump strategy 
with force decrease should be disadvantageous. The reason for choosing that particular 
pattern however is not yet understood.  
 
CONCLUSION: In some sports it is necessary the produce maximum impulse in the 
concentric phase in a short period of time. Future research should focus on the underlying 
mechanisms in order to possibly improve power output. A deeper understanding of the 
source of the force decrease might improve diagnostic tools, possibly including the analysis 
of individual muscle potentials. 
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