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The purpose of this study was to demonstrate 1）the joint couple of foot-shank complex 
in the kendo motion and 2）the relationship between the kinematic values and the foot 
arch height. Seventeen experienced kendo athletes volunteered to participate in the 
study. We instructed the participants to perform three sets of kendo strike-thrust motion 
with the distance of 2.2m to the target. We obtained joint kinematic data of the foot 
eversion-inversion and shank rotation angles to the foot during the single support phase 
of the kendo motion. Our result demonstrated that the foot inversion and shank external 
rotation movements occur during the single stance phase in experienced kendo athletes 
in good health. In addition, the foot arch height –length ratio was significantly related to 
the total range of shank rotation to the foot.  
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INTRODUCTION: Kendo, a Japanese martial art of sword fighting, is generally believed to 
be a low-risk sport; however, previous studies reported relatively high incidence of 
acute/chronic injuries on the left side of the lower extremity in kendo athletes. Regardless of 
their dominant side, most of the kendo athletes place their left foot behind their right foot in 
the straight line while holding a bamboo sword with both hands as the preparatory posture, 
and then they execute repetitive strike-thrust motions against a specific part of an opponent’s 
body with forward-backward steps. During the motion, the main power source always lies on 
the left side of the lower extremity. Therefore, the bilateral difference of the injury occurrence 
appears to be associated with the characteristic of the kendo motion. However, few studies 
have addressed the risk of the injury occurrence in kendo in terms of joint biomechanics. 
Previous studies indicate that the joint couple between foot eversion-inversion and shank 
(tibial) rotation may be greatly involved in the injury occurrence of the lower extremity in the 
running motion. It has also been reported that the foot structure such as foot arch height was 
related to the joint couple (Nawoczenski et al, 1998). These previous findings made us focus 
on the foot-shank kinematics of the left side of the lower extremity in the kendo motion and 
the effect of foot structure.  
The objectives of this study were to demonstrate the joint kinematics of foot-shank complex 
in the kendo strike-thrust motion and determine its relationship with the foot structure. The 
result of our study will help us advance the injury prevention research in kendo athletes. 
 
METHODS: Seventeen male collegiate kendo athletes (mean±SD age 20.3±0.7 y; height 
1.71±0.02 m; weight 71.7±3.0 kg; years of kendo experience 11.2±2.1 y) participated in the 
study. The participants had to be without any history or current symptom of significant injury 
in the lower extremity. Prior to the participation, all the participants submitted informed 
consents in writing. The study protocol was approved by the university.  
An experienced athletic trainer measured the foot length and the perpendicular distance 
between navicular bone of the foot and the floor as a foot arch height. We then calculated the 
ratio of the foot arch height to the foot length for normalization (foot arch height – length 
ratio). 
We had a set of twenty-nine markers put on bony landmarks of the participant to define 
individual body segments and their three-dimensional motion in the working space. Seven 
segments of the lower limbs were determined as the anterior superior iliac spines, sacrum, 
thighs, shins, ankles, toes, and heel markers.  

Table 4 
Temporal Variables of the Press-to-handstand in Fingers Forward and Outward Positions 

Subject 
Toe-off to legs 
horizontal (s) 

Horizontal to legs 
together (s) 

Toe-off to legs 
together (s) 

Forward Outward Forward Outward Forward Outward 
1 2.02 1.93 0.91 0.96 2.93 2.89 
2 1.24 0.81 2.39 2.12 3.63 2.93 
3 3.04 2.22 3.13 4.92 6.17 7.14 

Mean 2.10 1.65 2.14 2.67 4.24 4.32 
SD 0.90 0.74 1.13 2.04 1.70 2.44 

Difference*  -0.45 0.52 0.08 
*Difference = outward position – forward position 

 
DISCUSSION: Increased postural sway was seen when performing the press-to-handstand 
with fingers pointing forward as compared to when it was performed with fingers pointing 
outward. This suggests that the fingers forward position provides a greater base of support, 
thereby allowing a wider window for the centre of mass (CM) of the gymnast to fluctuate 
while still maintaining balance. In the fingers forward position, gymnasts can apply wrist 
flexion torque to counter slight over-rotation (Kerwin & Trewartha, 2001) but this correction 
strategy is no longer effective when the fingers are turned outward. Thus, the gymnast needs 
to adjust their CM towards a more anterior position to avoid the risk of over-rotation. During 
the upward phase of the press-to-handstand, there was less forward lean of the torso in the 
fingers outward position. This can be seen as a strategy to avoid over-rotation which 
otherwise cannot be counteracted by wrist flexion torque. Similarly, at the steady handstand 
position, subjects were in a less straight body alignment and slightly short to the vertical 
(under-rotated) when the fingers were turned outward. 
It has been shown that wrist torque played a dominant role, followed by shoulder torque, to 
maintain balance in the anteroposterior direction during a handstand (Kerwin & Trewartha, 
2001). When the use of wrist torque is limited as in the fingers outward position, increased 
shoulder torque is needed to regulate the CM position. Since a large shoulder torque is 
required during the upward phase of the press-to-handstand (Prassas, 1988), muscular 
strength may be a limiting factor to whether a gymnast can execute the skill in a fingers 
outward position. One limitation of this study was that a single trial per condition was used for 
each subject. This may be a potential source of error arising from intra-subject variability. 
 
CONCLUSION: Performing a press-to-handstand in a fingers forward position is easier as it 
allows more minor postural sway while still maintaining balance. Adopting a fingers outward 
position is more demanding as the gymnast needs to maintain the CM within a narrower 
window in a more under-rotated position.  
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relative to their foot length will show the greater ROM of the shank rotation in the kendo 
motion.  
Kishi et al (2000) reported that all the injured kendo athletes in the low foot-arch height group 
showed knee-in & toe-out alignment (the combined alignment with hip internal rotation, knee 
valugs, and toe abduction), and relatively large movements of rearfoot eversion and forefoot 
pronation occurred simultaneously. However, because our participants were injury-free at the 
time of the experiment, we were not able to conclude whether the foot-shank joint motion and 
the relationships with the foot structure would characterize the injury-prone kendo athletes. 
Further study is necessary to elucidate the direct correlation between the foot structure, the 
joint couple and the injury occurrence in kendo. Foot structure and function seem very 
important in executing high-performance kendo motion. Especially, the degree of foot rigidity 
may be crucial in transferring the ground reaction force and in driving them towards the 
target efficiently. Apart from the respect to the performance, we need to discuss its 
importance for the injury prevention because the too-rigid or too-soft foot may alter the joint 
couple of foot-shank complex. In future study, we also need to use the entire foot not as a 
single segment but as multiple segments distinguishing the forefoot and midfoot movements 
from the rearfoot movements in the kendo motion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: The representative data of foot eversion-inversion and shank rotation during the 
single support phase in the kendo strike-thrust motion 

Figure 4: The scatter diagram of the ROM 
of shank rotation and the foot arch height-
length ratio (N=17) 
 

Figure 3: Individual participant data for 
joint coupling of foot eversion-inverstion 
and shank rotation (N=17) 
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The experimental protocol included three sets of the kendo strike-thrust motion at a distance 
of 2.2 m. The participant executed the kendo strike-thrust motion with a single forward step 
toward the target object at their maximum effort (Figure1).

We obtained the three-dimensional (3D) marker trajectory data of the kendo strike-thrust 
motion (150Hz) with an eight-camera of Mac3D motion analysis system (Motion analysis 
Corp., Santa Rosa, CA, USA). The marker trajectory data were then low pass filtered with 
the Butterworth filter at a 6 Hz cut off frequency. The joint angles of the left foot eversion-
inversion and shank rotation to the foot during the single leg support phase were computed. 
The kinematic data were then normalized into 100 frames and were averaged to yield 
representative values. We also computed the total range of motion (ROM) of the foot 
eversion-inversion and shank rotation during the single support phase. The ROMs of the foot 
eversion-inversion and the shank rotation were defined as the difference between each of 
the peak values.  
We used Pearson product coefficient to demonstrate the correlation between the foot 
eversion-inversion ROM and the shank rotation ROM as well as between the arch height 
index and the kinematic values of the foot-shank complex in the kendo motion (p<0.05) 

RESULTS AND DISCUSSION: Mean (SD) values of the foot arch height–length ratio were 
14.4(1.8), the shank rotation ROM 17.2°(5.9), and the foot eversion-inversion ROM 12.6 °
(6.2).  
Figure 2 illustrated that the representative joint angle curves of the foot eversion-inversion 
and the shank rotation during the single support phase of the kendo strike-thrust motion. 
Based on the visual observation of the curve, the movements of foot inversion and shank 
external rotation to the foot was occurring during the single support phase. Unlike in the 
running motion, there may have been no or few, if any, foot eversion and shank internal 
rotation movements occurring during weight loading in the kendo motion. 
Figure 3 illustrated that the individual participant data indicated the coupled relationship 
between the foot eversion-inversion ROM and the shank rotation ROM. There was medium 
but statistically significant relationship between the two variables (r=0.56, p<0.05).  
Our result also demonstrated that the foot arch height-length ratio was significantly correlated 
to the ROM of the shank rotation (r=0.54, p<0.05) (Figure4), but not to the ROM of the foot 
eversion-inversion. The current result indicates that the participant who has high arch height 

Figure 1: The phase of Kendo strike-thrust motion
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pronation occurred simultaneously. However, because our participants were injury-free at the 
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Figure 2: The representative data of foot eversion-inversion and shank rotation during the 
single support phase in the kendo strike-thrust motion 

Figure 4: The scatter diagram of the ROM 
of shank rotation and the foot arch height-
length ratio (N=17) 
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The experimental protocol included three sets of the kendo strike-thrust motion at a distance 
of 2.2 m. The participant executed the kendo strike-thrust motion with a single forward step 
toward the target object at their maximum effort (Figure1).

We obtained the three-dimensional (3D) marker trajectory data of the kendo strike-thrust 
motion (150Hz) with an eight-camera of Mac3D motion analysis system (Motion analysis 
Corp., Santa Rosa, CA, USA). The marker trajectory data were then low pass filtered with 
the Butterworth filter at a 6 Hz cut off frequency. The joint angles of the left foot eversion-
inversion and shank rotation to the foot during the single leg support phase were computed. 
The kinematic data were then normalized into 100 frames and were averaged to yield 
representative values. We also computed the total range of motion (ROM) of the foot 
eversion-inversion and shank rotation during the single support phase. The ROMs of the foot 
eversion-inversion and the shank rotation were defined as the difference between each of 
the peak values.  
We used Pearson product coefficient to demonstrate the correlation between the foot 
eversion-inversion ROM and the shank rotation ROM as well as between the arch height 
index and the kinematic values of the foot-shank complex in the kendo motion (p<0.05) 

RESULTS AND DISCUSSION: Mean (SD) values of the foot arch height–length ratio were 
14.4(1.8), the shank rotation ROM 17.2°(5.9), and the foot eversion-inversion ROM 12.6 °
(6.2).  
Figure 2 illustrated that the representative joint angle curves of the foot eversion-inversion 
and the shank rotation during the single support phase of the kendo strike-thrust motion. 
Based on the visual observation of the curve, the movements of foot inversion and shank 
external rotation to the foot was occurring during the single support phase. Unlike in the 
running motion, there may have been no or few, if any, foot eversion and shank internal 
rotation movements occurring during weight loading in the kendo motion. 
Figure 3 illustrated that the individual participant data indicated the coupled relationship 
between the foot eversion-inversion ROM and the shank rotation ROM. There was medium 
but statistically significant relationship between the two variables (r=0.56, p<0.05).  
Our result also demonstrated that the foot arch height-length ratio was significantly correlated 
to the ROM of the shank rotation (r=0.54, p<0.05) (Figure4), but not to the ROM of the foot 
eversion-inversion. The current result indicates that the participant who has high arch height 

Figure 1: The phase of Kendo strike-thrust motion
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TARGET VALUE FOR THE MAXIMUM RUN-UP SPEED OF THE LONG JUMP            
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This study sought to obtain target values for the maximum run-up speed of the long jump 
based on performance level and to propose a method to easily estimate the maximum 
run-up speed.  Run-up speeds of 429 male and 536 female long jumps were collected by 
a laser beam apparatus at 50 or 100 Hz.  Subjects were divided into record-based groups 
for each 20 cm of the jumping distance, and the data were averaged in each group.  Main 
results were as follows: 1) Average of maximum speed in higher performance groups was 
larger than that for lower groups: 2) A significantly negative correlation was observed 
between the interval time of the last 20 m before the takeoff and the maximum speed, 
and the obtained good fit regression line between them (R2=0.968) will enable to estimate 
and evaluate jumpers’ maximum run-up speed 
 
KEYWORDS: long jump, run-up speed, performance level, estimation of the peak speed. 
 

INTRODUCTION: In the long jump, the most important factor that determines jumping 
distance is the combination of the horizontal velocity developed in the run-up and the vertical 
velocity obtained during the take-off.  In particular, since approach speed is significantly 
related to the official jumping distance compared with the vertical speed (Hay, 1986), 
jumpers have to enhance abilities to obtain higher approach speed as well as to evaluate 
their running speed to improve their performance.  However, in daily training for long jumping, 
jumpers and coaches have been ambiguously evaluating the approach speed without crucial 
check points because there have been few attempts so far to analyze approach speed 
considering jumpers’ performance levels.               
Therefore, this study sought to obtain target values for the maximum run-up speed of the 
long jump based on performance level and to propose a method to easily estimate the 
maximum speed during the approach in daily training scenes. 
 
METHODS: Subjects were 429 male and 536 female long jumpers who participated in 
athletic competitions held in Japan from in 2001 to 2009, including the IAAF World 
Championships in Athletics in Osaka 2007.  Changes in displacement of jumpers during the 
run-up were recorded from their front side at 50 or 100 Hz with an apparatus using a laser 
beam (LAVEG Sport, JENOPTIK, Germany) placed at the top of the stadium. 
Run-up speed was calculated by differentiating the displacement of the body by the 
sampling time and then smoothing the results with a Butterworth low-pass digital filter at a 
cut-off frequency of 0.5 Hz.  The point at which a jumper reached the maximum run-up speed 
and the maximum speed at that point were extracted from the time series of the 
displacement and speed data.  Analyzed jumping distances ranged from 6.79 to 8.57 m for 
men and from 5.30 to 7.03 m for women.  Both male and female subjects were divided into 
seven groups for each 20 cm of the jumping distance, and run-up speed data were averaged 
for each group.  
The equation to estimate the maximum run-up speed was derived in four steps.  First, a point 
nearest to 20 m before the takeoff was derived from the displacement data measured by the 
LAVEG.  Second, an interval average speed was calculated by dividing the distance between 
the extracted point and the takeoff board by the time to run that interval.  Third, the interval 
time for the last 20 m was calculated using the derived interval average speed.  Finally, a 
regression line was obtained from the relationship between the interval time for the last 20 m 
and the real maximum run-up speed. 

CONCLUSION: Our study showed that total range of the foot eversion-inversion and the 
shank rotation were correlated during the single support phase in the kendo strike-thrust 
motion. In addition, the foot arch height was also correlated to the total range of the shank 
rotation movement in the kendo motion.  
 
REFERENCES 
Kishi S, et al. Study on the lower leg and foot injury in kendo players. Journal of Clinical Sports 
Medicine.  8: 278-285, 2000. (In Japanese). 
Nawoczenski DA, et al. The effect of foot structure on the three-dimensional kinematic coupling 
behavior of the leg and rear foot. Phys Ther. 78: 404-16,1998. 

 

 




