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The purpose of this study was to identify the difference of the neuromuscular motor 
control of the knee joint for sidestep cut performance under two different conditions. A 
VICON motion analysis system using 12 cameras (250Hz) and a force plate (1kHz) were 
used to determine the knee joint kinematics and kinetics of 6 subjects during sidestep cut 
performed under the choice reaction tasks. The reaction signal was displayed 1.8m 
before the force plate centre (B1.8M) or 0.9m before FP centre (B0.9M). In the 
accelerating phase, knee extension positive power tended to be greater under B1.8M 
than B0.9M. The results of this study suggested that the greater stiffness during the 
decelerating phase in the B1.8M condition causes the greater knee extension power 
during acceleration. 
 
KEY WORDS: electromyography, pre-landing activity, knee joint moment, knee joint power, 
muscle-tendon complex. 
 

INTRODUCTION: In many ball game sports such as basketball and soccer, players often 
change their direction of movement. Players need to change their direction as fast as 
possible. A sidestep cut or an open-step cut, in which the ongoing path proceeds away from 
the support leg side, is an effective way to retain fast speed after changing direction (Ohtsuki 
et al., 1988). Players are often forced to change their running direction in a moment to react 
to game situations. These reaction movements make it difficult to make postural adjustments 
because of the short time provided (Besier et al., 2001). Horita et al. (2002) suggested that 
the pre-landing movement in the drop jump could be associated with the high initial stiffness 
observed after touchdown coupled with the high series elasticity of the knee joint 
musculoskeletal system. The purpose of this study was to identify the difference of the 
sidestep cut performance between a short reaction time and a long reaction time in the 
neuromuscular motor control of the knee joint. 
 
METHODS: Six university male basketball players (age: 20.0±1.9 years, height: 1.78±0.06 
m, body mass: 72.2±7.7 kg) were asked to perform repeated trials of the selected reaction 
tasks. Subjects were instructed to take one of three directions after the right foot landed on 
the force plate (FP) following the signals during the approach. These directions were 60 
degrees to the left (sidestep cut), 60 degrees to the right (crossover cut), and straight run. 
The timing of instruction signals was at 1.8m before the FP centre (B1.8M condition) or 0.9m 
before FP centre (B0.9M condition). The instructions of three directions and two timings were 
shown randomly by a LED signal at the front (Figure 1). In this study we only analyzed the 
sidestep cut under the choice reaction tasks. Reflective markers were fixed to lower limb 
landmarks to record three-dimensional lower limb movements using 12 cameras, 250 Hz 
VICON motion analysis system (Oxford Metrics, Oxford, UK). Ground reaction forces (GRF) 
were recorded at 1kHz using a 0.9×0.6 m force plate (Kistler, Switzerland). The average 
rectified values (ARV) of the wireless electromyography (EMG; 1kHz, S&ME, Japan) of the 
right lower extremity muscles (Rectus femoris; RF, Vastus medialis; VM, Semimenbranosus; 
SM, Gluteus medius; GM) during the pre-landing phase that from the left foot (pre-cutting 
leg) contact to the right foot (cutting leg) contact, and the contact phase of sidestep cut. The 
joint stiffness obtained as the average ratio of knee moment change divided by the knee 
angle change, as described in Horita et al. (1996). According to the relationships between 
knee joint moments and knee joint angles, the foot contact phase was divided into the three 
phases, namely, P1 phase represents the initial impact phase, extending from minimum knee 
moment to initial knee moment peak. P2 phase represents transmission phase corresponds 

task was not indicative of movements similar to the spring-mass model. Furthermore, as the 
CVME% suggests, there is evidence of measurement or movement variability within this 
protocol when measuring KAnk and KKnee and this may be an important finding in itself. 
 
CONCLUSION: The current study concluded that the method detailed in this paper is reliable 
for measuring KLeg for single (left and right) and double-legged hopping in active males. This 
suggests that the current methodology to measure KLeg is suitable for assessing injury 
prediction or performance during a controlled task (2.2 Hz) or a task more ecologically valid 
to sport (self-selected frequency). The lack of measurement reliability for KAnk and KKnee may 
suggest that inherent movement variability exists in hopping to provide a flexible movement 
strategy that may protect the joint from overload. This inherent movement variability may or 
may not be overcome with a familiarization session and requires further investigation. 
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and the negative peak power at knee extension muscles under B1.8M were significantly 
greater than B0.9M (Figure 3). Under B1.8M at P1 phase the average knee joint stiffness 
was significantly greater than B0.9M (B1.8M: 0.35 ± 0.07 Nm/deg/kg, B0.9M: 0.20 ± 0.05 
Nm/deg/kg). During the acceleration phase (P3 phase) the knee extension positive power 
tended to be greater under B1.8M than B0.9M, and the ARV ratios of the knee extension 
muscles were not significantly different under B1.8M than B0.9M (Table 1). 

 

 
Figure 3: The knee joint peak power at each phase under B0.8M and B1.8M. * denote significant 
differences between B0.9M and B1.8M condition (p<0.05). 
 

Table 1 
The ARV ratios of the EMG at each phase 

 
Values are average and (S.D.). *Significant differences between B0.9M and B1.8M condition (p<0.05). 
 
DISSCUSSION: This study investigated the difference of the sidestep cut performance 
between two conditions (B0.9M and B1.8M) from the view point of neuromuscular motor 
control of the knee joint. Under B1.8M condition, in which subjects have longer time to react, 
the knee extension muscle activities during the pre-landing phase may contribute to exert the 
significantly greater negative power at the knee joint and significantly greater knee joint 
stiffness during decelerating phase compared to B0.9M. It was suggested that the elastic 
energy of the tendon stored during decelerating phase was released as a knee extension 
positive power during accelerating phase. The results of similar levels of ARVs under two 
conditions at RF and VM muscles during accelerating phase suggest that the knee extension 
positive power during accelerating phase were not caused by the muscle contraction of the 
knee extension, but by the beneficial effect of the elastic energy of the patella tendon and the 
aponeurosis of the rectus femoris. The results of the present study were consistent with the 
earlier studies for the drop jump (Horita et al., 2002). It suggests that the pre-landing 
activities contribute to stiffen the knee joint during deceleration phase, and produce larger 
power during the acceleration phase by releasing the elastic energy. 
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to the period from the initial moment peak to the knee flexion angle peak. P3 phase covers 
the concentric phase (Figure 2). The variables of sidestep cutting manoeuvres were 
compared using paired t tests procedures (α=0.05) between B0.9M and B1.8M conditions. 
 

 
Figure 1: Experimental set up. 

 

 
Figure 2: Typical example of knee moment-angular displacement curves. The black circles 
represent the condition of 1.8m before the FP contact (B1.8M), and the white circles represent 
the condition of 0.9m before the FP contact (B0.9M). 
 
RESULTS: Mean running speeds at touchdown and toe off under B1.8m were significantly 
faster than those for B0.9M (B1.8M: 3.92 ± 0.34 m/s, 4.14 ± 0.25 m/s, B0.9M: 3.43 ± 0.28 
m/s, 3.72 ± 0.37 m/s) respectively. Table 1 shows the results of the ARV ratios (B0.9M / 
B1.8M) at each phase. The ARV ratios of the knee extension muscles were significantly 
greater under B1.8M than B0.9M during the pre-landing phase (RF: 58.9 ± 23.5 %, VM: 58.6 
± 30.7 %). During decelerating phase (P1 and P2 phase) the knee extension peak moment 
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and the negative peak power at knee extension muscles under B1.8M were significantly 
greater than B0.9M (Figure 3). Under B1.8M at P1 phase the average knee joint stiffness 
was significantly greater than B0.9M (B1.8M: 0.35 ± 0.07 Nm/deg/kg, B0.9M: 0.20 ± 0.05 
Nm/deg/kg). During the acceleration phase (P3 phase) the knee extension positive power 
tended to be greater under B1.8M than B0.9M, and the ARV ratios of the knee extension 
muscles were not significantly different under B1.8M than B0.9M (Table 1). 

 

 
Figure 3: The knee joint peak power at each phase under B0.8M and B1.8M. * denote significant 
differences between B0.9M and B1.8M condition (p<0.05). 
 

Table 1 
The ARV ratios of the EMG at each phase 

 
Values are average and (S.D.). *Significant differences between B0.9M and B1.8M condition (p<0.05). 
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knee extension, but by the beneficial effect of the elastic energy of the patella tendon and the 
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The purpose of this study were to investigate characteristics of the overarm throwing 
motion for Japanese school girls, 2nd, 4th and 6th grades, with a standard motion model 
of skilled girls. The throwing motions of fifty-one girls were videotaped and seven girls for 
each grade were selected based on the throwing distance for 3-D motion analysis. 
Throwing distance, ball velocity and release height were significantly increased with the 
increase in school grades. The 2nd grade girls threw by a dominant shoulder joint 
abduction and elbow joint extension, the 4th grade girls indicated a large range of motion 
of the right upper limb, and the 6th grade girls strode forward with the trunk leaned to the 
right and used a rapid external-internal rotation of the shoulder joint. 
 
KEY WORDS: development, children, overarm throwing, standard motion. 
 

INTRODUCTION: In physical education class of elementary schools, teachers will first 
observe the performance and motion of children to identify his or her technical faults. Then, 
teachers will attempt to correct their faults and improve their performance through 
appropriate lessons, practice and training. The essential but most difficult step in these 
teaching processes is the evaluation and diagnosis of techniques. One of the methods for 
evaluating techniques of children is comparison of the children’s motion with some models 
for which some motion patterns of adults or certain skilled children motion patterns have 
been frequently employed. But there is no firm or valid base for appropriate motion models. If 
teachers have no concrete ideas to evaluate children’s motion, it is difficult to make 
appropriate decisions. For a better technique teaching, we need prepare some appropriate 
motion models of sports techniques. There are some studies on motion model and technique 
analysis method for adults and athletes (Ae et al., 2007), but there is less information of 
motion model, especially throwing motion for children. Nelson et al. (1991) investigated 
longitudinal changes in children’s throwing performance from a viewpoint of gender 
differences and found that girls had more difficulties to improve throwing motion than boys 
since the developmental level of girl’s movement pattern indicated little changes from 5 to 8 
years old. These results denote the necessity for establishing appropriate motion models to 
teach girls effectively. Therefore, the purpose of this study was to investigate kinematic 
characteristics of the overarm throwing for Japanese elementary school girls with a standard 
motion model of skilled girls. 

METHODS: Data Collection: Fifty-one girls of elementary school (2nd, 4th and 6th grade) 
participated in this study. They were asked to throw a softball (diameter: 8.5 cm, mass: 141 
g) with maximal effort according to the procedure of the Japan Fitness Test regulated by the 
Ministry of Education, Culture, Sports, Science and Technology, where the ball size is 
specified. The throwing motion was videotaped with three digital movie cameras (Exilim EX-
F1, CASIO Co., Japan) operating at 300 Hz. Based on their throwing distance, seven girls for 
each grade (2nd grade: 1.21±0.04 m, 23.71±3.06 kg, 4th grade: 1.35±0.05 m, 29.04±3.88 kg, 
6th grade: 1.45±0.05 m, 35.90±5.96 kg) were selected as good throwers for detailed three-
dimensional motion analysis and one throwing motion with the best performance for each 
selected subject was analyzed. All selected subjects were right-handed throwers. 
Data Analysis: Twenty-three body landmarks and center of the softball were digitized at 150 
Hz. Their three-dimensional coordinates data were reconstructed by a DLT method and were 
smoothed by a Butterworth digital filter at cutoff frequencies ranging from 7.5 to 12.5 Hz, 
which were decided by a residual method. Standard motion proposed by Ae et al. (2007) was 

CONCLUSION: This study concluded that it was more difficult to perform the sidestep cut 
with a shorter reaction time, because of the elastic energy of the knee joint was not able to 
produce the power during the acceleration phase. The results suggest that getting a longer 
reaction time would generate greater power during the acceleration phase of cutting 
maneuvers. The person with faster reaction ability is clearly advantageous to others. We 
encourage the reaction training for the ball game players such as basketball and soccer. 
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