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SUMMARY
The purpose of this study was to clarify the effect of the
wind condition during the trial on the long jump takeoff
motion for the Japanese junior long jumper, based on the
kinematics data, the standard motion and the motion
variability. Twenty four Japanese boy’s junior long jumpers
were categorized two groups based on the wind condition in
the competition. Best trials of the jumpers were analyzed
using FRAME DIAS system (DKH Co., Japan). The results
were summarized as follows: 1) The average athletic record
and the average ratio of the previous competition record for
the Group B (wind range from +3.5m/s to +6.4m/s) were
greater than those of Group A (wind range from -1.1m/s to
+1.1m/s). 2) The vertical velocity of the takeoff and the
takeoff angle of the Group B were larger than those of Group
A. 3) Knee joint angle and the thigh segment angle of the
takeoff leg for the Group B showed large values at the
touchdown of the takeoff foot and large motion range during
the takeoff phase compare to those of the Group A.
INTRODUCTION
In the track and field events, the performance of the athlete
seems to be affected by the environment factor at the
competition or athletic equipment largely. Among the
environment factors at the long jump competition such as the
temperature, humidity, weather condition, surface of the
track and air resistance and so on, the wind assist for the
competition seems largely influence to the performance of
the long jump. Fukashiro (1990) examined the relation
between the long jump record and the wind condition based
on data reported by previous study. He estimated that the
approach velocity of the long jump increases 1.8% with
following wind of 2m/s, and decreases 2.2% with opposite
wind of 2m/s. He also calculated that 2% increase in the
approach velocity during the long jump increased the
distance jumped by 15cm. These finding suggested that the
wind condition during the trial is one of the important factors
to achieve better performance in long jump. However, there
are no studies examining the effect of the wind condition on
the body segment during the takeoff phase. The purpose of
this study was to clarify the effect of the wind condition on
the long jump takeoff motion for the Japanese junior long
jumper, based on the kinematics data, the standard motion
and the motion variability.
METHODS
Three competitions of the Japan High School Track & Field

Championships (held in2003, 2004 and 2010) were
categorized into two groups based on the wind condition in
the competitions. Jumpers in game of 2003 and 2004 is in
Group A(wind -1.1m/s - +1.1m/s in), and jumpers in game of
2010 is in Group B(wind +3.5m/s – +6.4m/s). All jumpers,
with personal best record ranging from 7.17m to 7.87m,
were filmed by the Biomechanical Project team of the Japan
Amateur Athletic Federation. Digital video camera was
placed at perpendicular to the takeoff board, and filmed the
jumpers during the takeoff (60f/s in 2003 and 2004 and
250f/s in 2010). Best trial of each jumper was analyzed using
FRAME DIAS system (DKH Co., Japan). Base on the
digitized coordinate data, several joint angles, segment
angles, standard motion, the average standard motions,
coefficients of variation(CV) and the average coefficients
variation were calculated (Ae, 2007). The t-test was used in
the statistical comparison with some variables between the
Group A and B. The statistical significant level was less than
5%.

RESULTS AND DISCUSSION
The average wind speed during the competition of two
groups were significantly different (p<0.001) between the
Group A (0.3m/s) and the Group B (4.6m/s). And the
average athletic record and the ratio to the personal best
record for the Group A and the Group B were 7.35m
(100.5%) and 7.47m (104.7%), respectively. The ratio to the
personal best record for the Group B was significantly
greater than that of Group A (p<0.001). Since approach
velocity and distance of the long jump are affected by the tail
wind of 2m/s (Fukashiro, 1990), superior performance ratio
which observed in the Group B might be due to the strong
tail wind exceeding the 4m/s.

Table 1 showed the kinematics data during the takeoff for
two groups. Although the horizontal velocity at the
touchdown for two groups were almost the same, horizontal
velocity at the takeoff for the Group B was larger than those
of Group A. And also, the vertical velocity of the touchdown
and the approach angle of the Group B were significantly
larger than those of Group A (p<0.01). Furthermore, the
vertical velocity at the takeoff and the takeoff angle of
Group B were larger than those of Group A. These results
suggested that movement of the body segments during the
takeoff might be different between the Group A and the
Group B. Figure 1 showed the average CVs of the joint and
segment angles during the takeoff phase. Both Groups



Figure 1 : Average coefficients of variation of the
joint angles and the direction cosines for the body
segments during the long jump takeoff

tended to show small value of the average CVs, not
only for the trunk segment angle but also for the joint
and segment angles of the takeoff leg (thigh, knee and
the shank). Same trends were observed for the thigh
segment angle of the free leg. These results were
consistent with our data of previous study (Omura,
2009) that compared the CVs between the World’s
class jumper and the Japanese junior jumper. If the
variability of the motion among the athletes is small,
CV of the joint angle and segment angle becomes
small (Ae, 2007). Therefore, the trunk and takeoff leg
during the takeoff of the long jump, which showed
small value of the average CVs, might be important
role, regardless of athletic level or the wind condition.
Among segments with values of average CVs less than
5, the thigh, knee and shank segment angle of the
takeoff leg for the Group B were smaller than those of
the Group A. Significant differences were observed at
the knee angle(p<0.05) and shank segment angle(p<0.001)
of the takeoff leg. These results suggested that the motion of
takeoff leg segments might be played important role under
strong tail wind condition. Among these three joints and
segment angles of the leg, there were interesting differences
in the standard motion of the knee joint angle and the thigh
segment angle during the takeoff phase between two Groups.
The knee joint angle of the Group B showed large range of
motion of the takeoff leg with larger values at the touchdown
and at the take-off compared to the Group A, in spite of the
small value at the maximum knee flexion phase. In addition,
the thigh segment angle of the takeoff leg tended to show
larger values at the touchdown and the release of the takeoff
foot. Fukashiro (1994) reported similar motions of the
supporting leg we observed at Group B in his analysis of
Mike Powell’s world record of 8m95. Such motions make
possible to achieve larger vertical velocity and higher takeoff
angle (Fukashiro,1994). Therefore, the larger takeoff angle
and the higher athletic performance of the Group B might be
due to effective motion of the takeoff leg probably assisted
by strong tail wind. Although these results suggested that the
takeoff motions of the junior jumpers are affected by the
wind condition, further studies are needed to examine the
effective takeoff motion under the various wind condition
using the same jumpers.
CONCLUSION
In this study, we tried to clarify the effect of the wind
condition during the competition on the takeoff motion of
the long jump for the Japanese junior long jumper, based on
the kinematics data, the standard motion and the motion
variability. The results were summarized as follows:

1) The average athletic record and the achievement ratio to
the personal best for the Group A and the Group B were
7.35m (100.5%) and 7.47m (104.7%), respectively. The ratio
to the personal best record for the Group B was significantly
greater than that of Group A (p<0.001).
2) The vertical velocity at the touchdown and the approach
angle of the Group B were significantly larger than those of
Group A (p<0.01). And also, the vertical velocity at the
takeoff and the takeoff angle of Group B were larger than
those of Group A.
3) The average CVs of the thigh, knee and shank segment
angle of the takeoff leg for the Group B were smaller than
those of the Group A.
4) The knee joint angle of the Group B showed large range
of motion of the takeoff leg with larger values at the
touchdown and at the take-off compared to the Group A, in
spite of the small value at the maximum knee flexion phase.

These results suggested that the takeoff motions of the
junior jumpers are affected by the wind condition.
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Table 1 : Kinematic data during the takeoff phase for two groups (TD means Touch Down, TO means Takeoff)

Horizontal Vel. (m/s) Vertical Vel.(m/s) Approach & Takeoff Angle(deg.)

TD TO TD TO TD TO

Group A (n=16) 9.92  0.26 8.41  0.35 -0.14 0.15 3.10  0.34 -0.82  0.84 20.3  2.6

Group B (n= 8) 9.98  0.13 8.69  0.22 -0.33  0.14 3.35  0.22 -1.89  0.79 21.1  1.5
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