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The sport of judo, developed In 1882 in Japan by Jigoro Kano, is a refined 
version of the ancient martial art of jujitsu. Typically when one envisions 
martial arts, the mental image includes kicks, punches, and other striking 
techniques. The sport of judo involves none of these, but does permit the use 
of throwing techniques, mat work simi lar to wrestl ing, strangle holds and joint 
locks at the elbow. Despite its original role as a martial art, judo as 
practiced today is essentially the highest form of wres~ing practiced anywhere 
in the world (Reay &Hobbs, 1979). 

It is interesting to note the virtual non-existence of scientific studies 
focusing on a sport which is over 100 years old and is practiced world-wide. 
The few studies that do exist are primari Iy kinematic analyses derived from 
cinematographic data that were carried out under the auspices of the 
Association for Scientific Studies on Kodokan Judo based in Tokyo, Japan (Ikai 
&Matsumoto, 1958; Matsumoto, Yanagita & Sato, 1963). To date, only one study 
(Tezuka, Funk, Purcell & Adrian, 1983) has measured the ground reaction forces 
(GRF) of tachiwaza, or standing judo techniques. 

The purposes of the study were 1) to measure the ground reaction forces 
two judo hip throws, 2) to describe the activity through the use of selected 
parameters determined from the ground reaction force-time curves, and 3) to 
identify any kinetic and/or temporal patterns that were present. 

A judoka is taught that each throw consists of three key kinematic 
elements: Kuzushi, the unbalancing of the opponent; tsukuri. the mechanical 
aspects of the technique; and kake, the point of maximum power of the throw. 
As a secondary purpose of the study, GRFs were employed to define the point of 
maximum power in the two judo throws examined. 
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METHOD 

Instrumentation 

A force platform (Klstler Model 9281A) mounted on a steel frame embedded 
in a large concrete base in the basement floor of Gerl Inger Annex at the 
University of Oregon was used to measure GRFs. The raw voltage signals from 
the platform were input to eight KIAG charge ampl ifiers (Type 5001). and were 
additionally processed by two summing amplifiers (RTC Instruments) designed 
specifically for the system. The summing ampl ifiers were Interfaced via a 
TransEra A/D converter to a Tektronix 4051 Graphics Calculator. The sampl ing 
rate was 200 Hz and the digital signals were stored on magnetic tape for later 
processing. 

Additionally. fi Im data were collected to assist in the interpretation 
and analysis of the force curves and to determine the end point of the 
activity, as the subjects remained on the force platform following the 
completion of the judo throws. A Visual Instrumentation high speed Super 8 mm 
camera (Model SP-l) with a 7.5 - 65 mm zoom lens was placed perpendicular to 
the sagittal plane of motion and was used to fi Im selected trials for al I 
conditions. The trials were fi Imed at 150 frames per sec with a shutter 
factor of six, resulting In an exposure time of .0011 sec. A Mamiya-Sekor 
35 mm camera with a 100 mm lens was placed perpendicular to the frontal plane 
of motion t~ecord the position of the supporting foot on the force platform. 

Judo Techniques 

The two judo hip throws selected for analysis have been recognized as 
being used extensively in world-class competition (United States Judo 
Federation, 1975). Harai-goshi (sweeping hip throw) (HG) and uchi-mata (inner 
thigh throw) (UM) are similar in that both require the thrower to support his 
body weight on one leg whIle the other leg "sweeps" the opponent off the 
ground and to the mat. The major difference between the two throws is the 
po int of contact of the sweep Ing Ieg on the uke' s (the defender) body. In 
performance of harai-goshi. the tori 's (the attacker) sweeping leg makes 
contact with the antero-IateraI aspect of the hip and thigh of the uke 
(Figure 1). Only the two-step approach style of harai-goshi was used in the 
study. 

An uchi-mata throw requires that the sweeping leg fol Iowa path between 
the legs of the uke, striking high inside the oefender's upper thigh and/or 
groin (Figure 2). NI I subjects used the kouchi-mata version of the uchi-mata, 
in which the sweeping leg of the attacker is kept as straight as possible, 
with contact being made by the lateral aspect of the tori 's thigh (Reay & 
Hobbs. 1979). 

Subjects 

Five highly-ski I led adult males from the University of Oregon Judo Club 
volunteered to serve as subjects for the study. Data were collected on four 
subjects performing the throws whi le the fifth served as uke for al I throws 
to standardize this major factor and minimize its effect upon both between and 
within subject variabi I ity. 
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Figure 1. Haral-goshl (sweeping hip throwl. 

TABLE I 

SUBJECT INFORt'ATItN 

Sub- He';ht W.I;ht A;. Y.",,... Judo 
Ject (cm) Ck;> E.. pe ... 'ence R",nk 

170 77.~6 2. ~ Ikkyu 

2 16B 71.~~ 2B SankyU• 
3 180 79.7. 31 IB Nid",n 

183 8~.28 29 S.ankyu 

UlCo 17. 72.3~ 29 3 S...nkyu 

Figure 2. Uchl-mata (Inner thigh throw). 
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The subjects al I held the minimum rank of Sankyu (brown belt) with an 
average of 7.4 years of judo experience (range = 3 to 1S years). The subjects 
who performed the throws averaged 175.3 cm in height and had an average weight 
of 78.5 kg in comparison to the uke's height and weight of 174 cm and 72.4 kg. 
Additional subject information is provided in Table T. 

Testing Protocol 

Subjects performed the experiment in bare feet, dressed in judogis (judo 
uniforms) with the substitution of running shorts in place of the loose
fitting judo trousers to enable the joints of the lower extremity to be 
located more accurately on fi Im. Practice trials were permitted to make the 
transition from performance of judo throws on soft wrestl j,ng mats to perform
ing them on a wooden floor and the metal surface of the force platform. 

In the initial position, the uke and the tori s-rood facing each other with 
their feet off the force platform, grasping each other's judogi in a right
handed grip. The tori initiated the throw by stepping onto the force platform 
with his right foot and pivoting on this foot approximately 180 degrees 
counterclockwise (ccw). This was followed by a step with his left foot onto 
the platform and a transfer of his and the uke's weight to that leg. The 
throw was completed by sweeping the uke off the ground with the tori 's right 
leg, o~r his right hip and to the mats that surrounded the testing site 
(Figure 3). 

After satisfactory completion of ten trials of the first judo condition, 
i.e. harai-goshi or uchi-mata, a five-minute rest period was imposed.
 
Activity was then resumed with tori 's performance of ten acceptable trials
 
of the second test condition, following the protocol previously described.
 
At the conclusion of the data collection, each subject's height and weight was
 
measured for use in data analysis.
 

RESULTS AND DISCUSSION 

Twenty-five parameter values describing critical aspects of the ground 
reaction force-time data were identified and evaluated for each trial and 
average results computed for al I subject conditions. Following data reduction, 
each of the 25 descriptors was statistically evaluated using a repeated 
measures ANOVA ~p < .05) design. 

In the study the uke never actually made contact with the force platform 
and therefore, the 'system weight' determined by combining the body weight of 
the tori and uke previously used by Tezuka, et al. (1983) was considered to be 
inappropriate. Thus, the body weight of each individual tori comprised the 
'system'. To enable more real istic between subject comparIsons to be made, al I 
force data were normal ized to Newtons per ki logram body mass. 

The beginning and end points of the judo throws were not immediately 
obvious from the GRF data. In the starting position of both throws neither 
the tori nor the uke were in contact with the force platform. Analysis of 
the fi Im data revealed that an average of .324 sec was required from the time 
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of Initial movement to contact with the force platform. Consequently the 
total time as measured by the force platform significantly underestimated 
the duration of the activity. 

Unl ike force piatform studies that involve walking or running, the judo 
sUbjects remain on the force platform following the completion of activity. 
To determine the end point of the activity, the first value encountered 
following the maximum vertical GRF equal to or less than the tori 's body 
weight was used to designate the completion of the throw. Verification of the 
selected kinetic end point was provided by examination of the cinematographic 
data. 

On the basis of the consistent tri-modal pattern observed for the 
vertical GRF component, the force-time curves were divided into three phases: 
1) the loading phase, which included initial contact with the right foot, the 
pIvot on the right foot, and the step with the left foot onto the force 
platform. These events were marked by two sub-maximal vertical force peaks on 
the Z-axis force curves; 2) the sweeping phase, which involved the anterior
to-posterior motion of the right leg of the tori I ifting the uke off the 
ground. The end of the sweeping phase was defined by the kake, or point of 
maximum power of the throw; and 3) the fol low-through phas~hich began 
following the occurrence of the kake and included the uke's fal I to the mat 
(Figure 4). 

In the context of the study, maximum 'power' was identified as maximum 
force (Newtons/kg) instead of calculating the rate of work in watts. The 
vertical GRFs comprised the greatest magnitude of forces in the study and 
therefore, the kake was defined as both the time and value of the maximum 
vertical GRF. 

Vertical Component 

The vertical GRF component comprised 78.1% of the resultant force measured 
in al I throws. Of the five vertical force parameters examined, only the total 
time of performance demonstrated significant differences between HG and UM. 
Uti I izing GRF data alone, HG required an average of .780 sec to complete 
compared to .640 sec for UM (Table 11). 

Average vertical force values were the same for the two judo throws 
analyzed, as subjects experienced average vertical forces 1.39 times body 
weight (BW). Maximum vertical GRFs were likewise simi lar for HG and UM with 
both throws resuli"ing in forces 2.46 times BW. The algebraic impulse values 
were 10.58 N'sec/kg for HG compared to 8.80 N'sec/kg for UM. 

With regard to the tri-mcdal nature of the vertical GRF curves, the 
maximum vertical force was observed at the third peak in al I trials. As 
previously mentioned, this poini" was identified as the kake. Although the 
total time taken to perform HG was significantly greater than UM, the relative 
occurrence of the kake was similar for both thFows, 63.7% to 67.9%, 
respectively. 
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Figure 3. Footwork for Judo hip throws. A) Inltlel position, 

B) Diagonal .tep by torl In anterior direction C) Pivot 180 

degree. counterclockwlse and follow-up step with the left foot, 

D) Torl supports hi••nd the uke'. weight on hi. left leg while 

sweeping with Ihe right leg. 

Figure "'. Representative vertical ground reaction force-time curve 

with critical events Identified. 



Table I I 

Means, StanClard Oevlatlon. (bel"",,> and Sionlficant 
Effect. for O••crlptor. of the Vertical Component 

of u... OrounCl R.ac t i on Forc·••• 

Oe.criptorl Har a j -Oo.h i Uchl-f1ata 

Maximum V.rtlcal 24.08 24.06 
Forcel (N/Kg) ( 2.3.) (2.88) 

Tlm. to Maximum .~66 ••~7 cxs (.01 
V.r t Ical Force. ( .026> ( .026> S <.O~ 

( ••conCls> 

Averaoe Vert I cal 13.62 13.6~ 

Force. (N/KO> (0.78> ( I .06) 

AI oebra j c Impuls•• 10 .~8 8.80 5 <. O~ 
(N· s.c/l<g) (1.39) ( 1.2~) 

Total Tlm. 
of Ac t Ivi tYI .780 .6.0 c <.O~ 
( .econd.> (0.21> (0.1 t> S (.o~ 

I 

~i 

0.0 11< 

·PUSH-PULe STRATEGY (1 SUIJECT! 

Figure 5. Representative anterior-posterior ground 

reaction force-time curves with critical 

events identified. 
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Anterior-Posterior Component 

This component accounted for 11.6% of the mean resultant force measured 
for both throws. The average anterior (propulsive) GRF comprised 5.2% whl le 
the mean posterior (braking) GRF constituted 6.4% of the resultant force. 

Three of the ten descriptors of the anterior-posterior force-time curves 
demonstrated significant differences (p<.05) between HG and UM. The parameters 
that described the time of maximum braking force, mean algebraic force and 
propulsive impulse were found to be significant. Maximum braking force values 
averaged .36 BW, whi le the mean maximum propulsive GRF was .26 BW (Table Ill). 

Identification of kinetic patterns presented a difficult challenge, as 
the direction of movement over the force platform changed during the throws. 
Specifically, the direction of motion changed with tori 's pivot 180 degrees 
ccw during the first step with the right foot. A diagram of the footwork, 
nearly identical for HG and UM, was provided In Figure 3. 

The initial activity in al I jUdo fhrows requires the techniques of kuzushi, 
the unbalancing of the opponent (uke) prior to throwing him. Two distin-c-t---
anterior-posterior ground reaction force-time curve patterns were identified 
and are presented in Figure 5. Three sUbjects used a "pul I-push-pul I" strategy 
whi le one subject used a "push-pul I" strategy to initiate the throws. 

,-

Medial-Lateral Component 

The mediai-Iateral component comprised 10.3% of the resultant force 
(medial = 1.9%. lateral = 8.4%). Significant differences were present between 
HG and UM on four of ten variables. The parameters describing 1) the time to 
maximum medial force, 2) maximum lateral force, 3) mean algebraic force and 4) 
average lateral force were al I significantly greater in favor of uchi-mata 
(Table IV). The remaining variables were statistically non-significant but 
contained values that were ai I greater in favor of HG. 

During the performance of both HG and UM, the tori was subjected to 
significantly greater maximum (3.18 N/kg) and average (1.47 N/kg) lateral GRFs 
than maximum (1.05 N/kg) and average (0.34 N/kg) medial GRFs. Average lateral 
impulse values (.768 N sec/kg) were approximately 13 times greater than the 
medial impulse values (.059 N sec/kg). 

CONCLUSIONS 

The following conclusions were drawn based upon the results of the study: 

1. The total time required for uchi-mata was significantly less than 
the time required to perform harai-goshi. In contest situations, the faster 
a throw can be executed, the less time the opponent has to mount a counterattack. 
Thus uchi-mata has been shown to have an advantage over harai-goshi in thIs 
respect. 
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2. At least two different strategies for unbalancing the uke are 
possible for successful completion of harai-goshi and uchi-mata. Subjects 
used either a "push-pul I" or a "pul l-push-pul I" strategy to initiate the 
throws. The necessity of some form of kuzushi (unbalancingl is thereby 
substantiated by the results of the study. 

3. The most experienced jUdoka, with the rank of Nidan and 18 years 
experience, was the least consistent performer in the study. One possible 
explanation for these results is that a higher ski I led performer makes subtle 
adjustments in technique dependent upon the environment presented to him, 
whereas the lesser ski 1led judoka executes the same technique regardless of 
the circumstances present, e. g. the amount of resistance offered by the uke, 
a mid-fl ight counterattack initiated by the uke. 

Summary 

Between subjects differences were considerably greater than within 
subjects differences as might be expected, suggesting that the subjects 
developed different styles of the judo throws based upon their individual 
capabi I ities and morphological characteristics. Significant differences 
between harai-goshi and uchi-mata were observed for nine of 25 parameters 
describing the two throws, however, the overal I kinetic and temporal patterns 
were more statistically and behavioral Iy simi Jar than dissimi lar. 
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