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The purpose of this study was to compare the takeoff preparation and the takeoff motions 
of the world level and Japanese long jumpers by using the method of the standard motion. 
The subjects were nine World jumpers (World group) and ten Japanese jumpers (Japan 
group). The motion from the second-last stride to the takeoff was videotaped by two high-
speed VTR cameras. The standard motions of World and Japan group were established 
by using the method of Ae et al. (2007). The results were summarized as follows; 1) The 
World group indicated the greater horizontal CG velocity and smaller decrease in the 
horizontal CG velocity during the takeoff preparation and takeoff than those of the Japan 
group. 2) The Japan group tended to flex and extend the knee joint of the support leg, 
and to raise the trunk in earlier timing during the preparation phase. 
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INTRODUCTION: A long jump consists of five phases―the approach, takeoff preparation, 
takeoff, flight, and landing. The most important factor in the takeoff preparation and the 
takeoff phases of the long jump is to maintain as much horizontal velocity obtained in the 
approach as possible and transform it into great vertical velocity with a minimum loss (Ae, 
1999). 
Ae et al. (2007) proposed a biomechanical method to provide a standard motion as an 
averaged motion pattern of skilled performers for learning sports techniques. This method 
enables us to investigate the characteristics of the takeoff preparation and the takeoff 
motions for the world level and the Japanese elite male long jumpers. The purpose of this 
study was to compare the takeoff preparation and the takeoff motions of the world level and 
Japanese elite male long jumpers by using the method of the standard motion and to obtain 
suggestion for the improvement in the jump performance of Japanese long jumpers. 
 

METHODS: The subjects of this study were nine finalists (height, 1.85±0.07m; weight, 
74.22±6.83kg; record, 8.21±0.21m) in the men’s long jump at the 2007 IAAF World 
Championships in Athletics, Osaka (World group) and ten Japanese long jumpers (height, 
1.76±0.04m; weight, 68.60±4.67kg; record, 7.75±0.17m) who participated in the final of 2008 
JAAF Japan Championships in Athletics (Japan group). The motion from the second-last 
stride to the takeoff was videotaped by two high-speed VTR cameras, NAC HSV-500C3 

(250Hz) for the World group and CASIO EXILIM EX-F1 (300Hz) for the Japan group, 
respectively. The trial in which each subject showed the best jumping distance was selected 
to be digitized with Frame DiasⅡ system (DKH Co., Japan).  
Three dimensional coordinates of twenty-three landmarkers defining a fourteen-segment 
model were reconstracted by using a three DLT technique. The coordinates data were 
smoothed with a Butterworth low-pass digital filter with optimal cut-off frequencies, 
determined by the residual error method proposed by Wells and Winter (1980). The standard 
motions of World and Japan groups were established by using the method of Ae et al. (2007). 
The coordinates data were normalized by the motion phase time and the subject’s height, 
and the normalized data were averaged. The takeoff preparation and takeoff motions were 
divided into five phases: from touchdown (on) to toeoff (off) of the second last (L2) stride (L2-
support phase), from L2-off to L1-on (L2-flight phase), from L1-on to L1-off (L1-support 
phase), from L1-off to To-on (L1-flight phase) and from To-on to To-off (To-support phase). 
Then, each phase was normalized as 100% by each phase time.  

One novel finding in this study is the characterization of the Transition phase. To date, 
Transition is more commonly recognized by practitioners than by biomechanists and is only 
loosely understood to be the short time period between backswing and downswing. Part of 
its obscurity may be due to the fact that not every player exhibits a Transition phase. 
However, our data suggest that there are quantifiable benefits to having a Transition. 
Allocating time to Transition most directly improves the X-factor. X-factor is known as a 
relevant contributor to swing power (Burden, et al., 1998). In all individuals, X-factor reaches 
maximum immediately before downswing. Spending time in Transition can increase the 
maximum X-factor to allow for a more powerful swing. 
One surprising finding of this study is the persistent discrepancy between Takeaway and 
Impact positions. All golfers are trained to follow the same swing plane during backswing and 
downswing. Assuming proper positioning during the Stance and Address, following the same 
swing plane ensures a square hit at Impact. Of the 132 swings analyzed in this study, none 
was found to actually follow the same swing plane with backswing and downswing planes 
differing by as much as 6.1 degrees. Consequently, there was persistent discrepancy in 
positioning between Takeaway and Impact, which greatly compromised swing consistency. 
The most likely cause of this discrepancy is trunk instability. We suspect this instability is 
introduced by rapid trunk rotation. Thus it should benefit swing accuracy to particularly 
regulate trunk positions during swing.  Alternatively, experienced golfers may want to 
consider compensation strategies. Our data showed a common control problem for our 
cohort of experienced golfers: club migration between Takeaway and Impact. Habit like 
these, once formed, is often difficult to correct. Thus our suggestion is to adjust Address and 
Stance by positioning the club head off-centre (depending on an individual habit, usually in 
anterior direction) during Takeaway, so that the club head will be centred by migrations, at 
Impact, Future studies will examine how best to design compensation strategies for 
experienced golfers. It would also be interesting to examine professional golfers to determine 
if these habitual control problems can eventually be corrected with intensive training. 
 
CONCLUSION: In this study, we aimed to determine how to consistently repeat an effective 
golf swing. We characterized both successful and failed swings of 22 experienced golfers 
and identified swing parameters that are highly sensitive and/or prone to motor control 
variations. These parameters sensitized five distinct areas of the swing to variation: 1) ball 
positioning, 2) club horizontal angle at the end of backswing, 3) Transition, 4) wrist control, 
and 5) posture migration between Takeaway and Impact. We provided specific suggestions 
on how to address these problem areas. Correcting the identified parameters should improve 
consistency of swing execution, so that golfers can achieve higher success rates. 
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DISCUSSION: The aim of the takeoff in the long jump is to obtain vertical CG velocity while 
retaining as much horizontal CG velocity as possible (Hay, 1993). In the present study, there 
was the difference in the horizontal CG velocity. The World group showed smaller loss in 
horizontal CG velocity during the takeoff preparation and the takeoff phases as Hay 
described.  
Most athletes in the Japan group showed a so-called ‘step-up’ motion at the L2-off. This 
motion might be caused by paying too much attention to the long part of ‘long-short ‘rhythm 
in the takeoff preparation. The motion of the long-short rhythm has been described and often 
emphasised by the japanese long jump coaches and in the textbook. 
The flexion and extension of the knee joint of the support leg tends to generate the greater 
vertical CG velocity and less horizontal CG velocity. Also, there is the difference in the trunk 
motion in the takeoff preparation and the takeoff phases between the World and Japan 
groups. Morinaga et al. (2003) investigated the takeoff preparatory and takeoff motion in 
good- and poor-jumps for six male long jumpers and found out that the trunk in the good 
jumps leaned forward at the takeoff and the decrease in the horizontal CG velocity was 
smaller than in the poor jumps.  
These results revealed that long jumpers should keep their trunk lean forward for the takeoff 
preparation and the takeoff phases. 
 
CONCLUSION: The World group indicated the greater horizontal CG velocity and smaller 
decrease in the horizontal CG velocity during the takeoff preparation and takeoff than those 
of the Japan group. The Japan group tended to flex and extend the knee joint of the support 
leg, and to move the body upward at the L2-off. The trunk of the Japan group got started to 
lean backward in earlier timing than the World group did. 
These motion was likely to cause greater loss of the horizontal CG velocity. Therefore, the 
long jumpers should keep their trunk lean forward for the takeoff preparation and the takeoff 
phases. It seemed to be preferable for the Japan athletes to have a motion image of ’Run-
though’. 
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The calculated kinematic parameters were the velocity of the center of gravity (CG), the 
takeoff and landing angles, and the joint and segment angles. The Mann-Whitney U-test was 
used with a significance level set at 5% to test differences between the World and the Japan 
groups. 
 
RESULTS: Table 1 shows the CG velocities at the instants of touchdown (on) and toeoff (off) 
of the takeoff preparation and the takeoff phase for the World and the Japan groups. The 
horizontal CG velocities of the instants from L2-on to To-off for the World group were 
significantly greater than those of the Japan group. The decrease in the horizontal CG 
velocitiy during support phases for the World group were slightly smaller than those of the 
Japan group. The vertical velocity at L2-off for the World group was significantly smaller than 
that of the Japan group. Only the takeoff angle (the angle between the CG velocity vector at 
the toeoff and the horizontal line) at L2-off was significantly smaller in the World group than 
that of the Japan group.  
 

Table 1 
The parameters of the CG velocites at the instants of touchdown (on) and toeoff (off) of the 

takeoff preparation and the takeoff phase for the World and the Japan groups. 

on off on off on off
World 10.61±0.2810.59±0.3710.61±0.1910.47±0.2710.30±0.29 8.85±0.33
Japan 10.37±0.2610.27±0.2710.31±0.2510.13±0.2210.05±0.22 8.57±0.32

(m/s) U-test * * ** ** * *
World -0.45±0.14 0.08±0.25 -0.92±0.15 0.07±0.22 -0.10±0.21 3.45±0.29
Japan -0.52±0.14 0.34±0.13 -0.91±0.14 0.04±0.20 -0.41±0.14 3.59±0.18

(m/s) U-test n.s. ** n.s. n.s. ** n.s.
World -2.4±0.8 -5.0±0.8 -0.6±1.2
Japan -2.9±0.8 -5.1±0.8 -2.3±0.8

(deg) U-test n.s. n.s. **
World 0.5±1.4 0.4±1.2 21.3±2.1
Japan 1.9±0.7 0.3±1.1 22.8±1.6

(deg) U-test ** n.s. n.s.
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              (* p < .05; ** p < .01) 
 
Fig. 1 illustrates stick pictures of the standard motions for the World and Japan groups during 
the takeoff preparation and the takeoff in the long jump. Some characteristics observed from 
the standard motions would be as follows:  
1) The flexion and extension of the knee joint of the support (left) leg during the L2 support 
phase for the World group was smaller than that of the Japan group (1-3 in Fig. 1). 
2) The World group kept the trunk leaned forward during the takeoff preparation phase, and 
the backward lean of the trunk around the To-on for the World group was smaller than that of 
the Japan group (8-10 in Fig. 1). The trunk for the World group was leaned forward at the 
To-off, while the Japan group leaned their trunk backward slightly. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: The standard motions for the World and the Japan made long jumpers during the 
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Figure 1: The standard motions for the World and the Japan made long jumpers during the 
takeoff preparation and takeoff. 
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