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The purpose of this case study was to investigate characteristics of ground reaction forces 
in sprint hurdles. Four male Japanese hurdlers participated in this study. The 1-cycle 
motions from 5th to 6th hurdles were videotaped with two high-speed cameras (300Hz) 
and ground reaction forces were measured (1000Hz). The hurdler who had smaller 
horizontal velocity of CG during hurdling had large braking time, which increases impulses 
of both horizontal and vertical components at 1st step. Therefore, maintaining large 
horizontal velocity during hurdling seems to be one of the important factors in sprint 
hurdles. 
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INTRODUCTION: Sprint hurdlers are required to run from start to finish as fast as possible 
like sprinters. McDonald (2002) reported that ‘Elite hurdlers must have excellent sprint speed, 
however hurdling requires adaptations to each of four steps.’ Therefore, it is thought that not 
only high sprint speed, but also the appropriate technique of the interval running and hurdling 
motion are required for high performance in sprint hurdles. There are a few studies about 
sprint hurdlers analyzed from ground reaction forces. McLean (1994) reported on the ground 
reaction forces occurring in hurdling. He described that ‘the vertical component of the ground 
reaction force in landing represents a controlled lowering of the body’s centre of gravity.’ Coh 
(2004) reported that the braking time of the support phase must be as short as possible in 
order to maintain the horizontal velocity of the CG. However, they mentioned only one phase 
of sprint hurdles and there was no information about ground reaction forces during four steps 
in sprint hurdles. The purpose of this case study was to investigate characteristics of ground 
reaction forces of Japanese top hurdlers. 
 
METHODS: Four male Japanese hurdlers participated in this study (Height: 1.84±0.01m, 
Mass: 75.4±1.3kg, Age: 20.8±1.0years, Season best: 13.84±0.05s). Figure 1 shows the 
summary of experimental setup. Each athlete completed two trials from starting block to 
landing at 6th hurdle. The motions from landing at 5th hurdle to landing at 6th hurdle (1-cycle 
motions) were videotaped with two high-speed cameras (CASIO EXILIM EX-F1, 300Hz) 
which were panned. The step length, support time and flight time at each step during 1-cycle 
motions were calculated from videotaped data. Ground reaction forces at each step during 
1-cycle motions were measured with six Kistler force platforms (totally 5.4m-long, 9287A, 
1000Hz). The impulses and braking times at each step during the 1-cycle motions were 
calculated from ground reaction force data. For reasons of experimental settings, the 1st and 
2nd steps were analyzed with first trial data, while the 3rd and 4th steps were analyzed with 
second trial data. And then, there were small differences in 1-cycle time and step length 
between first trial (1-cycle time: 1.17±0.04s, step length: 1st step 1.33±0.03m; 2nd step 2.06
±0.06m; 3rd step 1.93±0.05m; 4th step 3.77±0.08m) and second trial (1-cycle time: 1.15±
0.03s, step length: 1st step 1.37±0.08m; 2nd step 2.06±0.08m; 3rd step 1.94±0.06m; 4th 
step 3.67±0.15m). 
 
RESULTS: Table 1 shows the basic parameters of 1-cycle motion for all participants in this 
study. The largest values of step length, support time, flight time and braking time were 

healthy, flexible control 
(Glass, 2001). The 
participants were 
consistently able to locate a 
new frequency coupling ratio 
when the control parameter 
was altered.  
However, even when this 
consistent coupling was 
maintained, the phase of the 
cycle at which it occurred 
varied from cycle to cycle.  
Contrary to our hypothesis 
that an increase in coupling 
would occur with increased 
frequency of movement, we 
found no significant change 
in phase coupling when stride frequency was increased to PSF+20%.  The results showed 
the strength of coordination to be highly variable and individual in nature. Driving the stride 
frequency above preferred tended to change the frequency coupling used but not the 
strength of coupling.  Decreasing the stride frequency, however, resulted in maintenance of 
2:1 frequency coupling. Limb frequency does influence how the systems interact with each 
other with regard to dominant coupling used. However it does not increase the incidence of 
entrainment as had been speculated.   
 
CONCLUSION: Previous research designed to alter the frequency of limb movement has 
found no consistent effect of the manipulations on the strength of LRC. However, this current 
research has investigated whether specific frequency and phase relationships occur between 
a locomotor rhythm and respiration to gain further insight into LRC.  The results of the 
coordination measures within and across stride frequencies served to assess the 
coordinative dynamics and adaptive strategies of these systems. This study has illustrated 
the differential properties of locomotor respiratory frequency and phase coupling.  This 
research provides further understanding of the adaptive properties of these rhythms to 
maintain stable locomotion. The methods used in this study provide a deeper view of the 
intricacies than previously used methods. Sports biomechanists should endeavor to examine 
the more complex details of the interactions between elements of the human locomotor 
system in order to gauge the true complexity of the system. The perspective of coupled non-
linear oscillators where the primary aspects of the coordinative and adaptive behavior are a 
function of the individual oscillators, the cycling frequency, and the nature of the coupling 
between them can be adapted into all aspects of coupling across the biomechanics domain.   
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Figure 2: Phase Couplings before and after SF changes in all 
conditions. Error bars represent standard deviation 
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Figure 2: The impulse of ground reaction forces. 
 

Figure 2 shows the impulses of ground reaction forces. The largest positive value of vertical 
component and negative value of horizontal component in braking phase were obtained at the 
4th step. The second largest values were obtained at the 2nd step. 
 
DISCUSSION: The vertical component of impulse at 2nd step was larger than that of 1st step. 
The hurdler has to raise their body CG to clear the barriers, and the body CG has been 
dropping until the support phase at 2nd step. These results indicated that the hurdlers have 
to recover horizontal and vertical velocities of CG during the support phase at 2nd step. 
Supposing the hurdler has smaller horizontal velocity of CG at landing of 1st step (in present 
study, correspond to Subject A), it is assumed that the landing angle of CG comes closer to 
perpendicular axis. In this case, the hurdler might have to generate the larger vertical 
component of impulse at 1st step. Mann and Herman (1985) reported that faster hurdlers 
achieved shorter support time at 1st step. There are two ways of increase impulses: 
increasing forces or increasing times. In this study, Subject A increased support time, 
especially braking time, to increase impulses at 1st step. As a result, Subject A had large 
impulses of both horizontal and vertical components. Coh (2004) described the braking time 
of the contact phase at 1st step must be as short as possible in order to maintain the 
horizontal velocity of the CG. Therefore, the small horizontal velocity of CG during hurdling 
might cause large deceleration at 1st step. 
 
CONCLUSION: The results of this case study revealed that small horizontal velocity of CG 
during hurdling increased braking time, which increases impulses of both horizontal and 
vertical components at 1st step. Therefore, maintaining large horizontal velocity during 
hurdling seems to be one of the important factors in sprint hurdles. 
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Figure 1: The experimental setup. 

 

Table 1     
Calculated parameters at each step. 

Parameters

1-cycle time (s)

Step length (m)

Step frequency (step/s)

Support time (s)

1.19

1.35

A

1.16

1.36

B

1.12

1.29

C

1.10

1.33

D

Subject

1st

Step

2.04 2.07 1.99 2.122nd
2.02 1.95 1.88 1.893rd
3.81 3.61 3.75 3.474th

6.12 6.00 7.50 6.381st
3.61 3.66 4.17 3.852nd
4.48 4.69 4.69 5.083rd
1.88 1.97 1.88 2.084th

0.10 0.10 0.09 0.091st
0.13 0.13 0.14 0.122nd
0.13 0.13 0.13 0.113rd
0.14 0.13 0.14 0.134th

0.06 0.07 0.04 0.071st
0.15 0.14 0.10 0.142nd
0.10 0.09 0.08 0.093rd
0.39 0.38 0.39 0.354th

Flight time (s)

0.05 0.04 0.03 0.031st
0.06 0.05 0.06 0.052nd
0.05 0.05 0.05 0.043rd
0.08 0.08 0.08 0.084th
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Figure 2: The impulse of ground reaction forces. 
 

Figure 2 shows the impulses of ground reaction forces. The largest positive value of vertical 
component and negative value of horizontal component in braking phase were obtained at the 
4th step. The second largest values were obtained at the 2nd step. 
 
DISCUSSION: The vertical component of impulse at 2nd step was larger than that of 1st step. 
The hurdler has to raise their body CG to clear the barriers, and the body CG has been 
dropping until the support phase at 2nd step. These results indicated that the hurdlers have 
to recover horizontal and vertical velocities of CG during the support phase at 2nd step. 
Supposing the hurdler has smaller horizontal velocity of CG at landing of 1st step (in present 
study, correspond to Subject A), it is assumed that the landing angle of CG comes closer to 
perpendicular axis. In this case, the hurdler might have to generate the larger vertical 
component of impulse at 1st step. Mann and Herman (1985) reported that faster hurdlers 
achieved shorter support time at 1st step. There are two ways of increase impulses: 
increasing forces or increasing times. In this study, Subject A increased support time, 
especially braking time, to increase impulses at 1st step. As a result, Subject A had large 
impulses of both horizontal and vertical components. Coh (2004) described the braking time 
of the contact phase at 1st step must be as short as possible in order to maintain the 
horizontal velocity of the CG. Therefore, the small horizontal velocity of CG during hurdling 
might cause large deceleration at 1st step. 
 
CONCLUSION: The results of this case study revealed that small horizontal velocity of CG 
during hurdling increased braking time, which increases impulses of both horizontal and 
vertical components at 1st step. Therefore, maintaining large horizontal velocity during 
hurdling seems to be one of the important factors in sprint hurdles. 
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The purposes of this study were to investigate the kinetics of the support leg joints and to 
identify roles of the joints in the side step technique. Twenty male university ball game 
players performed three running trials of the cutting direction of 30, 60, and 90° with the 
side step cutting technique. A force platform technique and three-dimensional motion 
analysis technique were used. Roles of the ankle, knee, and hip extensors did in the side 
step cutting technique were similar to those of the straight sprint running. The negative 
and positive powers exerted by the ankle plantar flexors and knee extensors absorbed 
and generated the mechanical energy during the support phase in the cutting motion. 
The hip seemed not to generate great energy but to control the body posture, especially 
in directions 60° and 90°.  

 
KEY WORDS: cutting, three-dimensional motion analysis, joint kinetics, inverse dynamics. 

 
INTRODUCTION: In most of ball games, players have to change their running direction to 
keep up with the motions of a ball and players on the same and opposite sides. The 
technique used to change the direction of running is called cutting motion and considered as 
one of the most important techniques for ball game players. Although there are some 
techniques in the cutting motion, the side step cutting technique, in which the direction is 
changed by planting one foot opposite to the new direction, is one of the most common 
techniques for ball game players (Figure 1). Although, the support leg plays an important role 
to change the speed and direction of the center of gravity (CG) velocity during the cutting, it 
has not been investigated how the support leg joints contribute to change in the speed and 
direction of the CG. The kinetics of the support leg joints in the side step cutting motion can 
be useful information to improve cutting performances and design appropriate training 
programs. Some studies have already addressed the kinetics of the support leg in the cutting 
motion (McLean et al., 2005; Sigward and Powers, 2007). They discussed the risk of leg 
injuries in the cutting motion, but they did not determine the effects of the motion technique 
on cutting performance. Therefore, the purposes of this study were to investigate the kinetics 
of the support leg joints and to identify roles of the joints in the side step technique. 
 
METHODS: Data Collection and Processing: Twenty male university players of soccer, 
basketball, rugby, and handball (age, 20.3±0.8yrs; height, 1.76±0.06m; body mass, 
73.15±7.69kg) participated in this study. They performed three running trials of the cutting 
direction of 30, 60, and 90° with the side step cutting technique (Figure 2). The subjects 
started from the 10 m line to a force platform (9287B, Kistler Instrument AG) and ran through 
the finish line. They were asked to step on the force platform with a single foot and run 
through the timing area as quickly as possible. Three dimensional coordinates of 47 retro-
reflective markers fixed on the body were collected with Vicon T10 system (Vicon Motion 
Systems, Ltd.) using eight cameras operating at 250 Hz. The ground reaction forces were 
obtained with a Kistler force platform embedded in the laboratory floor at a sampling rate of 
1000 Hz. These data were captured simultaneously and time-synchronized with the Vicon 
system. The coordinates were smoothed by a Butterworth digital filter with cut-off frequencies 
of 7.5 to 12.5 Hz decided by the residual method (Winter, 2004).   
The CG coordinates were estimated after the body segment parameters of Japanese 
athletes (Ae, 1996) and then differentiated for the velocity and acceleration of the CG. The 
direction change angle was defined as the angle between the horizontal velocity vectors of 

REFERENCES:  
Coh, M. (2004). Biomechanical analysis of 110m hurdle clearance technique. Modern athlete and 
coach, 42(4), 4-8.  
Mann, R. & Herman, J. (1985) Kinematic analysis of olympic hurdle performance: Women's 100 
meters. International Journal of Sport Biomechanics, 1(2), 163-173. 
McDonald, C. (2002). Hurdling is not sprinting. Track Coach, 161, 5137-5143. 
McLean, B. (1994) The biomechanics of hurdling: force plate analysis to assess hurdling technique. 
New Studies in Athletics, 9(4), 55-58. 




