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A kinetic and kinematic analysis
of the Harai-goshi judo technique
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The purpose of this study was to analyze and compare the kinetic and kinematic
characteristics of the throwing technique, Harai-goshi of novice and advanced judo competitors.

A heterogeneous group of 28 male and female judo competitors participated in this study.
Each subject was required to perform three successful trials. Kinetic and kinematic data were
collected by utilizing the Kistler Instrument Corporation Multicomponent Force Measuring
Platform System and the Peak Technologies Motion Video Analysis System. Data were collected
in order to quantitatively and qualitatively analyze the horizontal and vertical forces of the support
leg, and the horizontal and vertical velocities of the sweeping leg during execution of the throwing
technique, Harai-goshi (hip sweep). The study revealed a significant difference in horizontal force
application, between novice and advanced judo competitors. In addition, we found numerous
significant relationships among mean horizontal ground reaction force application and horizontal
leg sweep velocity in 19 of the 28 participants when analyzed individually.

The results suggest (1) leg sweep velocity is a function of ground reaction force
application; and (2) horizontal leg sweep velocity plays a primary role in good technical execution
of the Harai-goshi throw.
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The sport of judo does not involve punching or kicking, but rather is a refined
version of the ancient martial arts of ju-jitsu and kito-ryu (20). Judo incorporates the use
of throwing techniques, mat work similar to modern wrestling, and strangulation holds
and joint locks at the elbow. Such sports as judo are typically labeled “technical” sports
and, as such, lend themselves particularly well to biomechanical study (30). As a sport,
judo incorporates an assortment of grappling skills that follow basic natural rules. There
are five main factors, based on the laws of physics which notably influence judo
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performance: the base of support, the center of gravity, the line of gravity, the concept
of levers, and the laws of motion. Judo is a sport in which timing, stability, body
anthropometry, equilibrium, leverage, inertia, and acceleration are critical to
performance. Proper execution of movements is not only important to success, but also
may reduce possible injury sustained by the judo competitor.

Despite its rich heritage and history there have been only a few studies to date
which have analyzed the kinetic and kinematic characteristics of judo techniques in this
sport. The early scientific studies were primarily kinetic analyses, which stated how the
laws of physics play a role in the sport of judo.

Methods and Procedures

Selection of subjects

A heterogeneous group of 28 judo competitors males and females, ages 18–42,
with various body weight and height were selected for this investigation. Each subject
(tori) was randomly assigned to perform the technique, Harai-goshi to the right side
dressed in judogi (judo uniform) and in bare feet. Each subject was required to perform
three successful trials. Subject skill level was determined according to the japanese judo
grade system, using kyu or dan ranks, indicated by the wearing of different color belts.
Seventeen judo competitors represented the novice level (Group 1) and 11 judo
competitors the advanced level (Group 2). Bodyweight differences were treated
statistically as presented later in this article. One individual was selected by the
investigator to serve as the uke throughout the entire test procedure in order to minimize
subject variability during the throw.

Procedures for aquiring data

Data were collected in order to quantitatively and qualitatively analyze the
horizontal and vertical forces of the support leg, and the horizontal and vertical velocity
of the sweeping leg during execution of the throwing technique, Harai-goshi. The
horizontal and vertical forces and the horizontal and vertical velocity were measured in
kilograms and in meters/second, respectively. Force versus time graphs and plotter
images were superimposed over one another in order to identify trends (Fig. 1).

Before the actual administration of the test, the investigator provided an
opportunity for the subjects to familiarize themselves with the test environment.
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Fig. 1. Force versus time graph of trial # 2 of subjects (5) and (18)

Each subject was randomly assigned to perform the technique, Harai-goshi to the right
side dressed in judogi and in bare feet. The uke and the tori started the test by facing
one another while standing off the force platform and grasping each other’s judogi in
the right natural grip. Tori initiated the technique by stepping onto the force platform
with the right foot. This was followed by a step with the left foot and the sweeping
action of the right foot and leg. Uke was lifted off the ground thrown by the tori, and
landed on the mats surrounding the test site. Each subject was required to perform three
successful trials. A trial was determined successful when the force platform system
accepted the data without an error message displayed on the monitor. At the same time,
the subject’s throwing trials were recorded on VHS professional quality tape using a
Panasonic SVHS AG450 Camcorder video camera. First the camera was positioned
with its optical axis to the subject’s sagittal plane and toe line. The camera lens were
positioned approximately 500 cm from the subjects. The lens height was approximately
110 cm from the floor. Filming a 182 cm measuring rod marked in 30.48 cm segments
provided a scaling factor. The rod was held vertical at the toe line adjacent to the
subjects (29).

Kinematic data analysis began with encoding the frames of the throwing trials.
After encoding the videotape, the throwing trials were digitized frame by frame. The
Peak5 2D software and video hardware was used to digitize the sequences by the RAM
memory frame grabber board, which stored the digitized 512×512 pixel pictures. The
successful trials recorded by the video camera were analyzed for each subject. As for
kinetic data collection, a successful trial was determined when the Kistler Instrument
Corporation Multicomponent Force Measuring Platform accepted the data without an
error message displayed on the monitor and if the throw was performed correctly. For
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the kinematic analysis all the frames of the selected trials were digitized and
qualitatively accessed using a Panasonic SVHS AG7350 VCR videocassette recorder
(29).

Treatment of the data

The kinetic and kinematic analysis of the selected judo technique necessitated the
use of two different statistical designs. The Pearson Product Moment Correlation and
the Analysis of Covariance (ANCOVA) tests were selected as the appropriate statistics
in order to test relationships and to compare the kinetic and kinematic differences
between the groups, respectively. Accepting the assumption that force application and
leg sweep velocity will be influenced by differences in bodyweight, and if the body
weights are statistically different between the novice and advanced groups, the analysis
for hypotheses 3–6 incorporated statistical control of the covariant (bodyweight).

Two hypotheses were analyzed by the Pearson Product Moment Correlation test
to establish significance of relationships of the following: (1) The vertical ground
reaction forces and vertical sweep leg velocities, and (2) The horizontal ground reaction
forces and horizontal sweep leg velocities. For each individual, force and velocity data
per 0.05 seconds were plotted. The correlation analysis was performed on anywhere
between 57 and 104 pairs of force/velocity data. Correlation coefficients were
determined for each of the 28 subjects. These were tested in the null form at the 0.05
level of significance (p<0.05). If the novice and advanced subject’s body weights are
statistically different, then three hypotheses were analyzed by the Analysis of
Covariance (ANCOVA) test to establish significance of differences of the following: (3)
The vertical ground reaction force application between novice and advanced judo
competitors, (4) The horizontal ground reaction force application between novice and
advanced judo competitors, (5) The vertical sweep leg velocity between novice and
advanced judo competitors, and (6) The horizontal sweep leg velocity between novice
and advanced judo competitors. If the body weights were statistically similar, then the
Independent t-test were used to analyze data. These were also be tested in the null form
at the 0.05 level of significance (p<0.05). Force versus time graphs and plotter images
were superimposed over one another in order to identify trends.

Results and Discussion

Hypothesis (1) stated that there would be no significant relationship between
mean vertical ground reaction force application and vertical leg sweep velocity within
trials of individual judo competitors. Kinetic and kinematic data of 10 out of 17 novice
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subjects indicated no significant relationship (p<0.05) between mean vertical ground
reaction force application and vertical leg sweep velocity. Seven out of 17 novice
subjects demonstrated significant relationship between mean vertical ground reaction
force application and vertical leg sweep velocity. Kinetic and kinematic data of 7 out of
11 advanced subjects indicated no significant relationship (p<0.05) between mean
vertical ground reaction force application and vertical leg sweep velocity. Four out of
11 advanced subjects demonstrated a significant relationship (p<0.05) between mean
vertical ground reaction force application and vertical leg sweep velocity. Overall, in 17
out of 28 cases, there was no significant relationship between mean vertical ground
reaction force application and vertical leg sweep velocity (Table I).

Hypothesis (2) stated that there would be no significant relationship between
mean horizontal ground reaction force application and horizontal leg sweep velocity.
Kinetic and kinematic data of 5 out of 17 novice subjects indicated no significant
relationship (p<0.05) between mean horizontal ground reaction force application and
horizontal leg sweep velocity. Twelve out of 17 novice subjects demonstrated
significant relationship (p<0.05) between mean horizontal ground reaction force
application and horizontal leg sweep velocity. Kinetic and kinematic data of 4 out of 11
advanced subjects indicated no significant difference (p<0.05) between mean horizontal
ground reaction force application and horizontal leg sweep velocity. Seven out of 11
advanced subjects demonstrated significant relationship (p<0.05) between mean
horizontal ground reaction force application and horizontal leg sweep velocity. Overall,
in 19 out of 28 cases, there was a significant relationship between mean horizontal
ground reaction force application and horizontal leg sweep velocity (Table II).
The degrees of freedom values for individual analysis within hypotheses (1) and (2) are
displayed in a table format (Table III).

Hypothesis (3) stated that there would be no significant difference in mean
vertical ground reaction force application, between novice and advanced judo
competitors found no significant difference (t=1.06, p>0.05) between subjects
representing novice and advanced skill levels in mean vertical ground reaction force
application.

Hypothesis (4) stated that there would be no significant difference in mean
horizontal ground reaction force application, between novice and advanced judo
competitors. There was a significant difference (t=1.73, p<0.05) between novice and
advanced judo competitors in mean horizontal ground reaction force application.

Hypothesis (5) stated that there would be no significant difference in vertical leg
sweep velocity, between novice and advanced judo competitors. The investigator found
no significant difference (t=0.57, p>0.05) between novice and advanced judo
competitors in vertical leg sweep velocity.
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Table I

Mean vertical ground reaction force r values for each subject according to skill level

Novice group r value Advanced group r value

Subject 1 0.20 Subject 2 0.12
Subject 3 –0.26* Subject 9 –0.54*
Subject 4 –0.20 Subject 11 –0.15
Subject 5 –0.27* Subject 13 –0.21*
Subject 6 –0.01 Subject 14 0.12
Subject 7 0.12 Subject 16 –0.09
Subject 8 –0.31* Subject 17 –0.66*
Subject 10 –0.44* Subject 18 –0.22
Subject 12 –0.56* Subject 21 0.06
Subject 15 0.11 Subject 22 0.14
Subject 19 –0.17 Subject 24 –0.51*
Subject 20 –0.04
Subject 23 0.13
Subject 25 –0.21
Subject 26 –0.03
Subject 27 –0.40*
Subject 28 –0.25*

*p<0.05

Table II

Mean horizontal ground reaction force r values for each subject according to skill level

Novice group r value Advanced group r value

Subject 1 0.02 Subject 2 0.00
Subject 3 –0.05 Subject 9 –0.44*
Subject 4 –0.52* Subject 11 –0.52*
Subject 5 –0.13 Subject 13 –0.20
Subject 6 –0.25* Subject 14 –0.46*
Subject 7 –0.46* Subject 16 –0.41*
Subject 8 –0.47* Subject 17 –0.58*
Subject 10 –0.27* Subject 18 –0.38*
Subject 12 –0.14 Subject 21 –0.26*
Subject 15 –0.03 Subject 22 –0.10
Subject 19 –0.35* Subject 24 –0.23
Subject 20 –0.29*
Subject 23 –0.33*
Subject 25 –0.30*
Subject 26 –0.43*
Subject 27 –0.31*
Subject 28 –0.60*

*p<0.05
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Table III

Degrees of freedom values for each subject

Novice group df(n-2) Advanced group df(n-2)

Subject 1 67 Subject 2 81
Subject 3 75 Subject 9 92
Subject 4 78 Subject 11 70
Subject 5 91 Subject 13 78
Subject 6 77 Subject 14 55
Subject 7 77 Subject 16 65
Subject 8 86 Subject 17 67
Subject 10 82 Subject 18 71
Subject 12 102 Subject 21 72
Subject 15 98 Subject 22 71
Subject 19 68 Subject 24 62
Subject 20 81
Subject 23 73
Subject 25 72
Subject 26 72
Subject 27 71
Subject 28 72

For hypothesis (6) the investigator found no significant difference (t=1.41,
p>0.05) between novice and advanced judo competitors in horizontal leg sweep
velocity.

Conclusions

Within the limitations of this study the following conclusions appear warranted:
For hypothesis (1), based on a significance level of 0.05 no significant relationship was
found for the following subjects: 1, 2, 4, 6, 7, 11, 14, 15, 16, 18, 19, 20, 21, 22, 23, 25,
26. For hypothesis (2) based on a significance level of 0.05 significant relationship was
found for the following subjects: 4, 6, 7, 8, 9, 10, 11, 14, 16, 17, 18, 19, 20, 21, 23, 25,
26, 27, 28. Based on a significance level of 0.05 null hypotheses (3), (5) and (6) were
accepted, null hypothesis (4) was rejected.

The results indicated that there was a significant relationship between the
horizontal ground reaction force application and horizontal leg sweep velocity for 17
individual judo competitors, during the performance of the Harai-goshi throwing
technique.
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We found a statistically significant difference in horizontal ground reaction force
application, between competitors of novice judo experience and competitors of
advanced judo experience, during the performance of the Harai-goshi throwing
technique. Both findings suggest the extreme importance of the horizontal component in
the execution of the Harai-goshi technique.

Definitions of terms

The following terms have been defined within the context of this study:
Advanced. Operationally defined as a judo competitor possessing a 2nd, 1st kyu

or dan ranks indicated by the color of his or her belt.
Base of support. “The area bound by the outermost regions of contact between a

body and support surface or surfaces” (16, p. 379).
Center of gravity. “The point from which the body must be suspended in order to

remain in static equilibrium in any position in which it is placed” (13, p. 216).
Dan. The level of expertise or grade of rank indicated by the black belt in judo (12,

1991).
Harai-goshi. Hip sweep, a throwing technique executed by the participants of judo

(20, 1986).
Judogi. The judo uniform worn by individuals participating in the sport (20, 1986).
Ju-jitsu. “Science of softness” techniques of combat developed in the Kamakura

period (1185–1333 AD) in Japan (12, p. 86).
Kinematics. The description of movement, including velocity and acceleration of the

whole body and its segments (18).
Kinetics. The description of movement, which considers the forces that produce or

change motion (22).
Kito-ryu. An ancient school of ju-jitsu which developed from the 17th to the 18th

century in Japan (12).
Kyu. The level of expertise or grade of rank in judo (20).
Line of gravity. Vertical line connecting the point of center of gravity with the base of

support (16).
Novice. Operationally defined as a judo player who is in the early stages of judo

training possessing a 6th, 5th, 4th or 3rd kyu rank, indicated by belt.
Support leg. Operationally defined as the tori’s left leg when performing the Harai-

goshi throw.
Sweep leg. Operationally defined as the tori’s right leg when performing the Harai-

goshi throw.
Tori. The individual who is performing a technique (20).
Uke. The individual who is being manipulated or thrown (20).
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