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SUMMARY 
Though quickness in lateral movements is crucial for better 
performances in sports, factors that contribute to it are not 
understood biomechanically. Therefore, the purpose of this 
study was to examine the determining factor of lateral velocity 
in lateral movements. Leftward side steps of nine different 
distances were performed by subjects while recording the 
motion, ground reaction forces, and muscle activities. As a 
result, extension works done at all joints of lower extremity 
and iEMG of extensors at hip and knee joints increased greatly 
with increasing step distances. On the other hand, hip 
abduction works and iEMG of hip abductors and adductors did 
not increase as much as those related to joint extension though 
larger hip abduction motions are involved during side steps. 
Therefore, it was concluded that joint extensions at lower 
extremity mainly contribute to the increases in lateral 
velocities. 
 
INTRODUCTION 
Quickness in lateral movements is crucial for better 
performances in various sports. In sports such as basketball, 
tennis, and football, athletes need to move quickly in the 
lateral direction to catch a ball, to defense an opponent, or to 
run through a defense. In consequence, some researchers have 
examined the physical qualities that contribute to quickness in 
lateral movements like zigzag run by analyzing the relations 
between those and some physical tests such as 10-m 
acceleration test, or lower extremity extensor power [2,3,6]. 
Although they have reported some possible factors that 
contribute to quickness in lateral movements, they could not 
clearly conclude what contribute to quickness in lateral 
movements. In order to reveal what contribute to quickness in 
lateral movements, we believe it is essential to investigate the 
mechanisms of lateral movements biomechanically. 
 
Many of the studies in biomechanical field have investigated 
how the body segments and muscles are coordinated for 
forward and upward propulsions [1,4,5]. However, the 
mechanisms how the propulsion to the lateral direction is 
achieved are not understood. Therefore, the purpose of this 
study was to examine the determining factor of lateral velocity 
in lateral movements by quantifying the 3D- kinetics at joints 
of lower extremity and activities of lower limb muscles. 
 
METHODS 
Nine healthy male subjects (age: 24.3

�
1.1yr; height:1.74

�
0.06m; body mass: 75.6

�
9.9kg; mean

�
standard deviation) 

participated in the experiment. They performed leftward side 
steps of nine different distances that were set to 20~100% 
(D20~D100: at intervals of 10%) of their height (Figure 1). 
The steps of different distances were performed to control the 
lateral velocity at take-off. The goal distances were marked 
with pieces of color tapes on the floor. Subjects pushed off the 
floor with their right foot, and landed with their left foot. They 
kept their arms akimbo and facing forward throughout the 
trial. The subjects were asked to make the movement time as 
short as possible. After the practices, they performed three 
successful side steps of each distance in a random order to 
account for fatigue.  

Figure 1: serial pictures of a subject performing a side step 
 
Thirty one reflective markers were attached to the anatomical 
landmarks of the subjects to record three-dimensional body 
movements by 3D-Motion Analysis System with seven 
cameras at 200Hz (HAWK Digital System, Motion Analysis 
Corporation, Santa Rosa, CA, USA). Twelve segments were 
defined by the anatomical landmarks: head, trunk, right and 
left upper arms, right and left forearms, right and left thighs, 
right and left shanks, right and left feet. The right foot was 
placed on the force plate (9281B, Kistler, Switzerland), and 
ground reaction forces (GRF) were recorded at 1000Hz. Also, 
electromyographic (EMG) data were recorded at 1000Hz from 
eight lower limb muscles (Gluteus maximus: Gmax, Gluteus 
medius: Gmed, Adductor longus: AL, Rectus femoris: RF, 
Biceps femoris: BF, Vastus lateralis: VL, Soleus: Sol, Tibialis 
anterior:TA). Based on the obtained data, the position of 
center of mass of whole body (COM), the application angle of 
ground reaction forces, joint angle, torque, work, and iEMG of 
each muscles were calculated. 

 
RESULTS AND DISCUSSION 
Kinematic and Kinetic data were analyzed from the moment 
of start of the step movements to the moment of take-off 
which were determined by GRF. All data were normalized to 
step phase to compare the data of each distance. In the 
analysis, mean of the three steps were used as the 
representative value of the each jump distance. 



Lateral velocity of COM at take-off (Vy) was increased with 
increasing the step distances from 20% to 100% of the height 
of subjects (Table1). Thus, the kinematic and kinetic changes 
observed with the increases in the step distances are regarded 
as the changes that were necessary for increasing Vy. 
 
The sum of the total joint work at all joints increased with 
increasing the step distances from -0.20

�
0.07J/kg at D20 to 

1.22
�

0.73 J/kg at D100(D20<D50<D100; p<0.05). 
Especially extension works at knee and ankle increased 
greatly with increasing step distances (Figure 2). Therefore, it 
can be said that the increases in lateral velocity of COM at 
take-off was achieved by increasing extension works at joints 
of lower extremity. The increasing ratio of iEMG of RF, VL, 
Gmax were much greater than those of Gmed and ADD. This 
also indicates that increases in lateral velocities were 
accomplished by increasing joint extension works, or activities 
of extensors.  
 
However, at the shorter distances, the proportion of hip 
abduction work to the sum of the total work was large (Figure 
2). Nevertheless, total hip abduction work decreased from D60 
to D100. As the step distances increased the lateral position of 
COM with respect to COP at the lowest point of COM located 
significantly more laterally from 0.16

�
0.06m at D20 to 0.32�

0.04m at D60, but did not change in the distances longer 
than D60. At the same time, frontal angle of GRF significantly 
decreased from D20 to D60, which indicate that the GRF was 
tilted more laterally as the step distances increased (Table 1). 
However, at the distances longer than D60, the changes in the 
frontal angle of GRF were smaller than the changes from D20 
to D60. Also, the increasing ratio of iEMG of Gmed and ADD 
was smaller than those of extensors. These data suggest that 
hip abduction work did not directly contribute to increase the 
lateral velocity of COM at take-off, but to adjust the frontal tilt 
of the body and force application angle to step laterally. 
  
CONCLUSIONS 
It was concluded that increases in lateral velocity of COM at 
take-off in side steps are accomplished by increasing activities 
of joint extensors and extension works done at lower extremity. 
Though hip abduction motions are involved in side steps, hip 
abductors and hip abduction works did not directly contribute 
to increase lateral velocity of COM at take-off, but rather to 
adjust the force application angle. 
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Figure 2: relationship between lateral velocity of COM at 
take-off (Vy) and total joint work done at hip (top), knee 
(middle), ankle joint (bottom).

 

D20 D30 D40 D50 D60 D70 D80 D90 D100 Statis tics  (p<0.05)

mean 0.47 0.76 1.01 1.33 1.64 1.92 2.19 2.40 2.56

SD 0.06 0.12 0.11 0.10 0.08 0.08 0.12 0.13 0.12

mean -0.04 -0.01 0.11 0.17 0.17 0.17 0.24 0.32 0.33

SD 0.07 0.05 0.11 0.12 0.14 0.17 0.17 0.19 0.26

mean 79.87 78.03 75.79 73.42 71.09 69.36 68.20 68.12 66.79

SD 1.28 1.61 1.85 2.59 2.64 2.78 3.46 3.82 3.58

Step Dis tance 

Vy (m/s )

Vz (m/s )

Fronta GRF
Angle (deg.)

D20<D30<D40<D50<D60…
<D70<D80<D90<D100

D20<D50-D100

D20-D30<D40<D50…
<D60-D70<D100

Table 1: Lateral (Vy) and vertical component of velocity of COM at take-off and frontal angle of GRF 


