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BIOMECHANICAL ANALYSIS OF THE FIGTH BY FRONTAL HEAD PREASURE
ON THE CHEST OF THE OPPONENT IN SUMO
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БИОМЕХАНИЧЕН АНАЛИЗ НА БОРБАТА ЧРЕЗ ФРОНТАЛЕН НАТИСК
С ГЛАВА ВЪРХУ ГЪРДИТЕ НА ПРОТИВНИКА В СУМО
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Abstract: The Sumo sport discipline is characterized by incomparable by the nature and character force
interactions. The briefness of the fight requires the sumo wrestlers to possess a wide range of sports and technical
almost automated skills to manage their motor action depending on the opponent qualification.

The aim of the present study is to establish the phase structure, functional features and mechanical principles
of the sport-technical skills of the fight by frontal head pressure on the chest of the opponent in sumo.

Methodology. For the purposes of the analysis, the fight is divided into separate phases, using a video
computer system for determining the kinematic and energetic parameters of the movements.

Results. Taking into account the fact that the mass of the defeating athlete is 23.5% lower and he is 5 cm
shorter than the opponent, the results show three basic mechanical conditions that contribute to his victory during
the fight: generating a powerful power rotation moment from the lower limbs to raise and guide the upper body
through the initial acceleration phase; creating and increasing the detour force arm in order to disturb the balance
of the opponent in the sagittal plane and use its inertia of movement.

Discussion. The results of the study, on the one hand, justify the use of this sport technique against opponents
with higher stature and mass. On the other hand, the resulting quantitative values of the parameters can serve to
improve the training process, providing guidance on the qualities required for the competitors to use this technique,
and also for defensive actions.
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INTRODUCTION
The specificity of one or another type of single combat consists of the nature and content of the

technical-tactical actions and the immediate conditions in which they are performed. A distinctive feature of
the Sumo competitive combats is the creativity and speed of the fight. It usually lasts from 5 to 15 seconds
and the first seconds of the fight are decisive. Secondly, there is a site limitation, with overlapping its limit
leading to defeat. Third, there are immediate and significant power contacts of the head and body during the
fight between the two sumo wrestler who are powerless non comparable with none of the impact in other
types of combat. A number of foreign authors have considered this issue in relation to other sports.
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на родителите по силата на различни обстоятелства. Може да се обобщи, че това са деца, за които са
приложени мерките за закрила, настаняване извън семейна среда – в специализирана институция или
резидентна услуга, поради трайна липса на родителска грижа, произтичаща от следните причини:
родители са починали, в неизвестност, лишени са от родителски права или са с ограничени права,
трайно не полагат грижи за децата си или се намират в трайна невъзможност да ги отглеждат; създали
са опасност за тяхното физическо, психическо, нравствено, интелектуално и социално развитие или са
проявили форми на насилие и злоупотреба спрямо децата си (Кузманова-Карталова 2013; Кутева-
Цветкова 2000; Георгиев 2019; Димитрова 2016).

Спецификата на децата, лишени от родителска грижа, произтича както от особеностите на
техния социален статус, така и от дефицитите, проявяващи се в цялостното им психическо и физическо
развитие, породени от социалната ситуация, в която се намират. Като основни индивидуални особености
на тази рискова група са посочени висока степен на фрустрация и агресивност, емоционална лабилност,
ниска социална компетентност, висока тревожност и липса на усвоени просоциални поведенчески
модели, детерминирани от липсата на семейна среда (Първанова 2003).

МЕТОДОЛОГИЯ
Целта на настоящото изследване е да проследи влиянието на конкретни лексикални и пара-

лингвистични знаци върху агресията и тревожността на деца в риск, отглеждани извън семейна среда.
Паралингвистичният знак, който е предмет на експеримента е силата на гласа (тонът), а лексикалните
знаци са използването на окуражаващи и санкциониращи думи. Хипотезата на изследването е, че най-
силно свързани с влияние върху повишаването на агресията и тревожността на децата имат лексикал-
ните знаци с негативно семантично значение и изказват с висок тон.

В изследването вземат участие 40 деца в риск, отглеждани извън семейна среда (експери-
ментална група n=40), върху които се извършва експериментално въздействие от четирима доброволци,
използващи 4 стратегии за взаимодействие: нормален тон на гласа и позитивен език (Н+), висок тон
на гласа и позитивен език (В+), нормален тон на гласа и негативен език (Н-) и висок тон на гласа и
негативен език (В-). Независим участник реализира снемането на данните от наблюдение на реакциите
на децата в резултат от четирите стратегии, които се записват в предварително стандартизиран чек
лист, разделен на 2 части, като първата част включва 5 индикатора за агресивност, изполващ класифи-
кацията на Бъс – Дюрки за агресивността, като предмет на наблюдението включват следните инди-
катори: телесна агресия – физическото насилие; вербална агресия – негативен ефект, изразен в съ-
държанието на речта; индиректна агресия – непряка агресия, извършваща се чрез натрупано негоду-
вание, което се изразява чрез непряка атака и яростна реакция без определена посока, агресивна
раздразнителност – готовност за изява на негативен отговор и при най-малка външна провокация;
агресивна омраза и ревност – чувство на ярост към реален или въображаем свят (Михран 2005: 116).
Втората част от чек-листа е конструиран въз основа на класификацията на руската изследователка
А. М. Прихожан, която определя тревожността като самооценъчна и междуличностна (Прихожан
2000). Критериите са структурирани в 10 показателя – неувереност, зависимост, неудовлетво-
реност, несамостоятелност, несигурност (за самооценъчна тревожност); неадекватност, неак-
тивност, некомуникативност, неумение за търсене на помощ и липса на съпричастност (за
междуличностна тревожност).

Подборът на тези критерии е реализиран съобразно възможността те пряко да се наблюдават
като поведенчески прояви в конкретни ситуации. Направеният айтемен анализ на инструментариума
за наблюдение показа, че критериите притежават висока вътрешна съгласуваност като цяло, положи-
телна корелация и са с висока стойност на надеждност (rsb=0.685, алфа на Кронбах á  =  = 0.734). Труд-
ностите на айтемите са в приемливи граници и скалата е с висока стойност на надеждност със средна
междуайтемна корелация 0.368.

Участниците са разделени в три възрастови групи: 7–10 –годишна възраст (начална училищна
възраст, n=11); 11–13 – годишна възраст (прогимназиална училищна възраст, n=12) и 14 – 17 години
(гимназиална училищна възраст, n=17). Децата са от резидентни центрове –- центрове за настаняване
от семеен тип за деца без увреждания (ЦНСТБУ)  В. Търново и Кризисен център за деца, жертви на
насилие и трафик в с. Балван. В изследването вземат участие 11 момчета и 29 момичета.
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For that reason, many controversies arise related to how it is actually necessary to train the sumo
wrestlers. In general, in this regard, coaches prepare their athletes – sumo wrestlers intuitively, i.e. they use
their experience gained from the technical tactical actions of their past practice. However, taking into account
the specific rules and distinctiveness of competitive activity in Sumo, this practice is not always appropriate
for Sumo Sport.

The lack of specific habits to move competitors into the dojo and their misunderstanding of the
particularities for performing the technical-tactical actions often lead to the loss of the most important
competitions.

The Sumo fight, despite its simplicity, has a number of specific features, without which it is impossible
to successfully and steadily participate in the competitions.

In today’s professional sumo, the competition takes place in an inner circle with a diameter of just over
15 feet. The winner is this competitor, who has forced his opponent to touch the floor or forced him out of the
circle. In this case, it is sufficient for the floor to be touched with any part of the body - a knee, a hand or a
head. The rules strictly prohibit any punches with a fist, fingers or the edge of the palm, as well as kicks in the
chest and abdomen, as well as attacking the throat and the area between the legs.

In this sport, competitors are not divided into categories, which often lead to ring meetings between
unequal by weight partners. Although the technique undoubtedly plays a big role in sumo, nevertheless, the
larger mass is decisive.

It is precisely for the reasons given, in practice it is impossible and inappropriate to compare the
actions in sumo with other sporting combats.

Also, due to the lack of weight categories in sumo, the competitor with a higher weight usually has the
advantage of winning the fight. For this reason, lighter competitor must use different tactical technique,
within the rules, that would have contributed to his victory.

This study examines this particular case of a significant difference in the weight of the two athletes
and is an attempt to analyze and justify the use of a specific technique by the lighter competitor.

METHODOLOGY
The aim of the present study is to identify the specific features and quantitative biomechanical

parameters in the sport-technical way of fighting by attacking head pressure frontally on the opponent’s
chest. The established mechanical correlations would contribute to justifying the use of technical-tactical
actions when the significant differences in the weight of the two opponents exist.

Two sumo wrestlers took part in the experiments with the following anthropometrics data: participant
1 with height of 1.85 m and weight of 1700 N and participant 2 with height of 1.80 m and weight of 1310 N.

A standard video camera with cadence of 25 fps, set up stationary and with an optical axis perpendicular
to the plane of motion, pre-calibrated within the 2D space used, was used to record motion actions, and the
video files obtained were processed with a video computer analysis system (Arakchiiski 2002: 86-91;
Arakchiiski 2013:1). The system registers the vertical and horizontal coordinates in the 2D space of selected
points on the body of the sumo wrestlers during the selected exercises. A 14-segmented model of the human
body was used for each participant in the combat, the 2D coordinates of the following body points were
recorded: in the lower limbs – ankle, knee and hip joints; in upper limbs – wrist, elbow and shoulder joints;
private center of the mass of the head. Subsequently, the registered coordinates are processed with the
corresponding software module of the system, which determines the trajectory of the Centre of gravity of
the sumo wrestlers during the fight. The speeds and accelerations of the points scored, the time structure of
the fight and the kinetic energy of the attacking sumo wrestler are also calculated.

RESULTS
Specific for some used combat techniques in sumo is the relatively unusual way of grip during the

development of the combat for both athletes. This analysed combat mode, shown in Fig. 1 is slightly different
from the one considered, since it cannot be applied simultaneously by both sumo wrestlers. While the motor
actions during the initial phase of the fight run similarly to other techniques, in the next phase, one wrestler
exerts a pressure force frontal to the upper torso through his head. In this case, this is the left sumo wrestler.

For the purposes of the analysis, on the Fig. 2, the trajectory of Centre of gravity of the left sumo
wrestler is shown, as well as its linear velocities and kinetic energy – respectively on Fig. 3 and Fig. 4.
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Fig. 1. Typical frames of the development of the fight by pressing the head on the opponent

In order to accurately evaluate the obtained results, especially when comparing parameters that are
the function of weight, it should be noted that the weight of the left wrestler is 23.5% less than the weight of
the right one and he is 0.05 m shorter. If similar parameters are compared between the different techniques,
it is necessary to normalize in advance the mass of the sumo wrestlers.

 The duration of the first phase (the initial acceleration of contact with the opponent) for the left
wrestler here is 0.48 s, with the CG trajectory being “bulging”, which means, as can be very accurately
determined from the speed chart, that the wrestler accelerates the deployment the hip joint (movement of the
CG upwards) and subsequently heavily rotated according to knee joint. This mode of movement may be
dictated by the objectives of the future attack or is the individual style of the sumo wrestler. Although the
horizontal speed is 1.7 m / s, dephasing the maximums and the significantly lower vertical velocity lead to the
said non-linearity of the trajectory. The accumulated kinetic energy at the end of the phase has a local
maximum of 178 J.

Fig. 2. Trajectory of the CG of the attacking wrestler during the fight by pressing the head on the torso
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Fig. 3. Linear velocities of the CG the attacker during the fight with the head impact on the torso

The next contact phase can be divided into two sub-phases. During the first one, the wrestler managed
to keep his horizontal speed positive (local minimum of 0.5 m/s) and raise his CG by nearly 0.2 m upwards at
the cost of straightening the opponent. In the next sub-phase, for about 0.4 seconds, the left-side sumo
wrestler, tilting forward, lowers the CG by nearly 0.25 m and “snaps” his head into the opponent’s chest by
continuing to push him.

Fig. 4. Kinetic energy in the horizontal direction of the attacking wrestler
in the fight with the head impact on the torso

To keep balance, the attacker takes steps back, increasing the positive speed in the attacker’s horizontal
direction, with the CG trajectory again moving up and down. Applying the diagonal efforts concentrated in
the upper torso, both, the straightening of the opponent (which reduces the arm of its resistance torque) and
an increase of the attack torque of the attacker are achieved. As a result, the pushing speed increases, which
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is also helped by the use of the inertia of the opponent in the backward direction. All these prerequisites result
in a maximum kinetic energy of 394 J in the final phase one step before the field limits.

DISCUSSION
The resulting quantitative data can be used by competitors and coaches in various aspects. Generally,

they provide information on how the fight takes place and explain the possibility of winning over a considerably
heavier opponent. In particular, taking into account the specific data of the investigated participants, the
kinematic parameters obtained determine the character and direction of the initial accelerator movement in
the direction of the opponent and the timing of extension in the knee and hip joints. The CG trajectory gives
information about moving the attacking competitor and his posture in the initial contact with the opponent.
This determines the size of the attack torque arm, leading to disturbing the opponent’s balance. The speed
and energy parameters determine the momentum of the attacking competitor associated with the muscle
groups used. Thus, through the results obtained, it is possible to learn and improve the motor structure of this
sumo combat technique and to pay attention to specific muscle groups responsible for the effectiveness of
the movements. This is also the direction of future research.

CONCLUSION
1. During the sub-phase after the contact, the sumo wrestler manages to keep his horizontal speed

positive and to raise his CG by nearly 0.2 m upwards.
2. During the next sub-phase, the attacking wrestler, tilting forward, lowers the CG by almost 0.25 m.

And he sharply puts his head in the opponents’ chest, and without changing the movement, he pushes him
back.

3. In the course of contact with the attacking head against the opponents’ chest, the temporal
development of the fight has a wave character with increasing amplitude. The way of applying the force
effort allows both, the opponent to straighten and the attacker’s torque to be raised simultaneously, as well as
the use of the opponent’s inertia in the rearward direction. This way of fighting gives priority over higher and
heavier opponents.
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