
6th International Scientific Conference on Kinesiology, 2011, Opatija, Croatia

172

B
io

m
ec

ha
ni

cs
 a

nd
 M

ot
or

 C
on

tr
ol

Comparison of some biomeChaniCal spatial, 
temporal and VeloCity parameters in the Judo 
throWinG teChniQues osoto Gari and uChi-mata

Fadil Rexhepi1 and Željko Hraski2

1University of Prishtina, Kosovo
2Faculty of Kinesiology University of Zagreb, Croatia

abstract
The purpose of this study is to compare differences of some biomechanical parameters between Osoto gari and Uchi 

mata, which are very efficient throwing techniques and therefore frequently used in judo competitions. Both throwing 
techniques are demonstrated by a judo master and executed on 10 opponents. The results of the biomechanical analysis 
are showing significant differences between the two techniques in some of the analyzed parameters: the duration of the 
phases of throwing, the distance between the centers of gravity (CG) of Tori (thrower) and Uke (the thrown) and linear 
velocity of the ankle of the reaping leg. According to these results it appears that during the execution of Osoto gari 
technique the power produced by the reaping leg is larger in comparison to Uchi mata technique.
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introduction
Biomechanical analysis enables measurement of many kinematic, kinetic and electromyography parameters that 

determine the essential parts of throwing techniques, as well as their use in as adequate conditions (Pucsok et al., 2001; 
Imamura & Jonson, 2003; Harter, 2003: Gordon et al. 2004).

The goal of each judoist is to throw the opponent as fast as possible and eliminate the risk of his counteraction. The 
studies of the throwing techniques from biomechanical aspect are not numerous, but recently their importance is more 
and more emphasized (Kim et al., 2005, Imamura et al., 2007; etc.) Fortunately, many analogies from studies of other 
combat sports, and also from other sports, can be taken as a good experience for biomechanical analysis in judo sport 
(Tsai et al., 2005, Inoue et al., 2008, etc.) 

The purpose of this study is to establish and compare differences of some biomechanical parameters between the 
two judo throwing techniques, Osoto gari and Uchi mata.

Osoto gari and Uchi mata are techniques that are considered as the most frequented throwing techniques in judo 
competitions. This fact indicates for the high efficiency achieved with these throws. As in almost all throwing techniques 
in these two techniques we can distinguish three phases of throwing: kuzushi (preparatory movements aimed at throwing 
out of balance Uke’s body), tsukuri (the final unbalancing action); and kake (execution of movements aimed at throwing). 
The execution of Osoto gari and Uchi mata is based on the same biomechanical principle which assumes the action of 
couple of forces (Sacripanti, 1989), where one force vector, which acts on the one side, is created by the hands of Tori, 
while the second vector of the force, acting on the other side, is the force created by the reaping action, or sweeping action 
of the attacking leg. On the other hand, these two techniques differ in the way of turning back of Tori’s body during the 
realization of the throwing. When implemented the Uchi-mata technique Tori’s body in the crucial moment (during the 
second phase) returns with his back towards Uke, while during the execution of the Osoto gari technique Tori’s body 
will not turn and attack will be performed in front direction.

methods
This study involved 11 athletes, one Tori (judo master), and ten Ukes. Throwing conditions are defined precisely. The 

same judoist (Tori) executes the Osoto-Gari and then the Uchi-mata technique on ten others (Uke). Both techniques are 
executed in the form of demonstration (fig. 1, fig. 2). The video recording is made with three cameras, with speed of 60 
frames per second. Video cameras were positioned at approximately 120˚ in relation to each other. The data processing 
is developed according to the standard procedures by APAS (Ariel Performance Analysis System) taking into account 
the specifics of the analyzed movement structure. The model for simultaneous analysis of the two athletes is designed. 18 
referent points of the body of each judoist (total 36) are digitized for each frame of the recorded material. Transformation 
of 2D data to 3D space is calculated by DLT algorithm. The resultant three-dimensional point coordinates are filtered with 
Cubic Spline filter. On the base of such a prepared data selected kinematic parameters are calculated: linear displacement 
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of the Tori’s and Uke’s CG (center of gravity), the duration of the phases (t1, t2, t3), the duration of the entire throw (t), 
linear velocity of Tori’s ankle joint of the reaping leg in the sagittal plane (v), the angular velocity of Tori’s thigh during 
the reaping (ω) and angle in the knee joint of the reaping leg (φ). 

results and discussion

spatial and temporal parameters of Tori’s and Uke’s center of gravity during the first phase 
(kuzushi) and second phase (tsukuri)

The distance between Tori’s center of gravity and Uke’s center of gravity in the beginning of the first phase of the 
Osoto gari technique is D = 66.5 cm. The distance between the Tori’s center of gravity and Uke’s center of gravity at the 
end of the first phase of the throwing Osoto gari technique is: D = 39.9 cm (tab. 1.)

It is understood that when Tori makes a step forward with left foot, he approaches Uke by unbalancing him and thus 
he is getting prepared for the second phase of throwing. Meanwhile, the distance between the Tori’s center of gravity 
and Uke’s center of gravity at the beginning of the first phase of the throwing at the Uchi mata technique is: D = 77.9 
cm. The distance between the Tori’s center of gravity and Uke’s center of gravity at the end of the first phase of the Uchi 
mata throwing technique is: D = 58.1 cm (tab.1.) 

Table 1. Differences of the CG positions of the Tori and Uke during the first and second phase of the Osoto Gari and Uchi mata technique

TECHNIQUE
PHASE 1 (distance between the CG) PHASE 2 (The distance between the CG)

Start(Cm) T - test Finish(cm) T - test Start(cm) T - test Finish(cm) T-test

O. GARI 66.5 T=7.12 39.9 T=11.23 39.2 T=11.13 39.9 T =1.56

U. MATA 77.9 p=.00 58.1 p = .00 56.9 p=.00 37.6 p= .13

Unbalancing of Uke’s body depends on Tori’s pull and of Uke’s resistance. During the execution of the two techniques 
that have been analyzed in this study, Uke does not give active resistance. If we compare the distances of CG between 
the Osoto gari and the Uchi mata techniques at the end of the first phase (tab.1), we see that Tori’s body at the Osoto 
gari technique is closer to Uke’s body for 18.2 cm. The value of T - test is: T = 11.23 (p = .000), which means that the 
difference is high and with statistical significance. The duration of the first phase of throwing (kuzushi) at the Osoto gari 
technique is t = .42 s, while at the Uchi mata technique is t = .34 s (tab.2). One of the factors that enable shorter time in 
the first phase of the Uchi mata technique is the smaller step compared to the Osoto gari technique. The difference of 
this parameter between the two techniques is significant and the value of T - test is T = 6.64 (p = .00).

Table 2. Differences of the duration of the first, second and third phase of throwing, at the Osoto gari and the Uchi mata techniques

TECHNIQUE 
PHASE 1 (duration) PHASE 2 (duration) PHASE 3 (duration)

t (s) T - test t (s) T - test t T - test

O. GARI .42 T = 6.64 .37 T = -15.67 .38 s T = -.89

U. MATA .34 p = .00 .64 p = .00 .40 s p = .38

The distance between the Tori’s and Uke’s center of gravity at the beginning of the second phase of the Osoto gari 
throwing technique is: D = 39.2 cm, while the distance between the Tori’s and Uke’s center of gravity at the end of the 
second phase of the Osoto gari throwing technique is: D = 39.9 cm (tab.1). As shown in table 1, the distance between two 
CG of Tori and Uke as in the beginning as well as in the end of the second phase is almost the same. During this phase, 
the crucial action of execution of the technique remains on the reaping leg. Meanwhile, the distance between the CG of 
Tori and Uke at the beginning of the second phase of the Uchi mata throwing technique is: D = 56.9 cm. The distance 
between the Tori’s and Uke’s center of gravity at the end of the second phase of the Uchi mata throwing technique is: D 
= 37.6 cm (tab. 1). As shown in this technique, the distance between the Tori’s and Uke’s center of gravity at the end of 
the second phase is much lower, so, Tori’s body with Uke’s body is too close (tab.1). During the second phase at the Uchi 
mata technique, Tori’s main actions are: the turn of his body, the hop of the reaping leg and the start of the reaping. If we 
compare the distances of CG between Osoto gari and Uchi mata techniques at the beginning of the second phase (tab.1), 
we see that differences are significant, and the value of T - test is: T = 11.13 (p = .00). At the end of the second phase the 
distances of CG between Osoto gari and Uchi mata techniques (tab. 1) are not significant, and the value of T - test is: T 
= 1.56 (p = .13). According to these results is concluded that the distance between the Tori’s and Uke’s center of gravity 
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Linear speed (v), Angular velocity (ω), Angle between thigh and shank (φ)

v(m/s) T - test ω (deg/s) T - test φ (deg.) T - test

O. GARI 5.1 T = 9.73
p = .00

198.2 T = .05
p = .96

146.8º T = 1.62
p = .12U. MATA 2.9 194.9 137.0º

in the early second phase of the Uchi mata technique is much higher compared to Osoto gari technique, but at the end 
of this phase the distance is approximately the same. The distance between the Tori’s and Uke’s center of gravity in the 
third phase (kake), considered as the phase of throwing itself is not very important, because during this phase Uke’s feet 
are detached from the ground and with this the main parts of the throwing are finished. For this reason it is not necessary 
the analysis of the position of CG of the two athletes. The duration of the second phase at the Osoto gari technique is t = 
.37 s, while at the Uchi mata technique is t = .64 s (tab. 2). The difference of this parameter between the two techniques 
is significant and the value of T - test is T = -15.67 (p = .00). As shown in the table, the time for realization of this phase at 
the Uchi mata technique is much longer and this is due to the turn of Tori’s body back in relation to Uke for 180º, while at 
the Osoto gari technique Tori’s body will not turn back but he moves as more as possible towards Uke. So, many authors 
for all techniques that are executed without turning back Tori’s body call them direct techniques, while those with the 
turn of the body call them indirect techniques (Otaki, 1996, Kano, 1994). The duration of the third phase at the Osoto 
gari technique is t = .38 s, while in the Uchi mata technique is t = .40 s. The difference of this parameter between the two 
techniques is not significant and the value of T - test is T = -.89 (p = .38). Thus, when Uke’s feet are detached from the 
ground, the time of his decline does not differ much between different techniques hence the fall is inevitable. The duration 
of throwing at the Osoto gari technique is t = 1.18 s, while the duration of throwing at the Uchi mata technique is t = 1.38 s.

Velocity parameters of the Tori’s reaping leg during the second phase (tsukuri)
Linear velocity of Tori‘s ankle joint of the reaping leg in the sagittal plane v (m/s), during Uke’s reaping leg is calculated 

as the average value for the last five frames just before the reaping, respectively detaching Uke’s foot from the ground. 
Also, angular velocity and the angle of the knee of the reaping leg are analyzed for the last five frames. These are the five 
last frames of the second phase (tab. 3.) 

Table 3. Linear velocity of the ankle (v), angular velocity of the reaping thigh (ω) and the angle of the knee joint (φ) of Tori’s reaping leg

The linear velocity of Tori’s ankle joint of the reaping leg in the sagittal plane at the Osoto gari technique is v = 5.1 
m/s, while at the Uchi mata technique is much lower: v = 2.9 m/s. So, the difference between these values is statistically 
significant (T = 9.73; p = .00). Thus, the hop and the effect of the reaping leg are convincingly higher at the Osoto gari 
technique compared to the Uchi mata technique. Angular velocity (ω) of Tori’s thigh of the reaping leg during the 
execution of Osoto gari technique is ω = 198.2 degree/s, while at the Uchi mata technique is ω = 194.9 degree/s, so the 
difference between techniques is not significant (T = .05 (p = .95)). The angle of the knee joint of the reaping leg during 
the execution at the Osoto gari technique is φ = 146.8º, while at the Uchi mata is φ = 137.0º, so, the difference is not 
significant (T = 1.62 (p = .12)).

Figure 1. Time (duration) of the first phase (kuzushi), the second phase (tsukuri), third phase (kake) and the trajectory of Tori’s CG 
(◊◊◊◊◊◊) and Uke’s CG (□□□□□□) in the anterior-posterior direction – Osoto gari
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Figure 2. Time (duration) of the first phase (kuzushi), the second phase (tsukuri), third phase (kake) and the trajectory of Tori’s CG 
(◊◊◊◊◊◊) and Uke’s CG (□□□□□□) in the anterior-posterior direction – Uchi mata

Conclusion
Differences between the treated techniques in this study (Osoto gari and Uchi mata), are significant at the spatial 

parameter (distance) of CG of Tori’s and Uke’s body in the first phase (kuzushi) respectively in the beginning of the 
second phase (tsukuri). However, at the end of the second phase (tsukuri) the difference of the distance of the CG is not 
significant. Thus, Tori’s body in each of the two techniques at the end of the second phase (the moment of the detachment 
of Uke’s feet from the ground), is close as much as possible with Uke’s body. Differences in duration of the throwing 
between the two techniques are significant during the first and the second phase, while during the third phase there are 
no significant differences. Linear velocity of the ankle of Tori’s reaping leg is convincingly higher at the Osoto gari 
technique, while the angular velocity of the thigh and the knee angle of the reaping leg has no significant differences 
between the two techniques. 
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