
The ability to maintain static balance depending on 
the engagement of visual receptors among the elite 
sumo wrestlers

Tadeusz Rynkiewicz1
ACDE, Piotr Żurek1

ABCD, Mateusz Rynkiewicz1
ABCD, 

Włodzimierz Starosta2
ABD, Maria Nowak1

ABE, Małgorzata Kitowska1
E, Henryk Kos1

B

1 Local Department of Physical Education in Gorzow Wielkopolski of the Poznan Physical Education Academy, Poznan, Poland
2 High School of Physical Education and Tourism in Bialystok, Poland

Source of support: Departmental sources

Received: 6 September 2010; Accepted: 14 September 2010; Published online: 28 September 2010

		  Abstract

	 Background	 Since the ability to maintain balance is significant to efficient fighting, research was carried out in order to deter-
mine the level of the ability to maintain static balance among the Polish elite of sumo sportsmen depending on 
the engagement of visual receptors.

	Material/Methods:	 Research group comprised 41 best Polish male and female sumo wrestlers. To evaluate the ability to maintain stat-
ic balance the posturographical method was employed. The following measurements were made: with eyes open 
(EO), with eyes closed (EC) and in conditions of feedback (FB).

	 Results:	 The closing of the eyes resulted in the increase of ACOP. The introduction of feedback had an effect on the ob-
tainment of ACOP lowest values. The differences were not statistically significant.

	 	 The change in the value of ACOP results from a modified number of deflections as well as their varied range. The 
changes in the number of deflections in the frontal and the midline plane were subject to analysis for they are con-
sidered to be the basic factors accounting for the reaction of the subjects to the change in the engagement of visual 
receptors. It was claimed that both the visual analyzers switch-off and the introduction of feedback had an effect 
on the increase in the number of deflections. The value of NDAP rose more significantly than the value of NDFP.

	 Conclusions:	 The elimination of the engagement of visual receptors in the maintenance of static balance among the best Polish 
sumo sportsmen has a detrimental effect on the basic characteristics of COP. Increased is the value of ACOP and 
NDFP, especially that of NDAP. The introduction of FB during the measurement of the ability to maintain static 
balance enables the limitation of ACOP. Its lesser value is achieved due to an increase in the number of COP oscil-
lations, particularly in the midline plane. The ability to take advantage of FB in the maintenance of static balance 
proves its high developmental level. In comparison with competitors of other sports as well as those not training, 
sumo sportsmen achieved lower values of ACOP in the majority of cases.

	 Key words:	 feedback • maintain balance • posturography • center of gravity • sumo wrestlers
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Background

Sumo as a sport derives from Japanese national sport, and in 
its precise meaning the word “sumo” stands for swift coun-
teraction to the punches of your opponent. The fight is an 

attempt to throw the opponent out of the mat or to knock 
him down by appropriate throws, pushes or body hits [1].

To lead a sports fight efficiently a high level of the abil-
ity to maintain balance is required. It allows sustaining 

and Study Aim:
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stable body posture, or in case of its loss, enhances the 
ability to regain it quickly [2]. The ability to maintain 
balance is one of the essential coordination abilities 
and plays a significant part in daily activities as well as 
under conditions of sports fight, which demands that 
a balanced body posture be sustained [3–5]. In an at-
tempt to realize the very task a man is forced to gener-
ate appropriate reactions indispensable to control body 
posture [6–8].

The ability to maintain balance was subject to research 
in various groups of non-training individuals as well 
as sportsmen, which differed in terms of age, sex and 
sports level [2,5,9–11]. In the literature available, how-
ever, there is no trace of research results treating the is-
sue of the level of the ability to maintain balance in 
sumo competitors.

Since the ability to maintain balance is significant to 
efficient fighting research was carried out in order to 
determine the level of manifestation of the ability to 
maintain static balance among the Polish elite of sumo 
sportsmen depending on the level of engagement of vi-
sual receptors. Before conducting the research it was 
hypothesized that elite sumo competitors are charac-
terized by a high level of the ability to maintain stat-
ic balance, which is essential to sustain stable posture 
during a fight, and the change in the engagement of vi-
sual receptors considerably affects its level.

Material and Methods

Research group comprised 41 best Polish male and female 
sumo competitors, including 15 women aged 22.9±4.5 
years and 26 men aged 23.0±6.6 years. Their body 
mass oscillated around 78.7±27.4 kg and 99.7±25.7 
kg among women and men respectively. The height of 
the female subjects eight equalled 165±7.5 cm, whilst 
that of males amounted to 179±9.2 cm.

The subjects boasted a high level of sport achieve-
ment (Table 1). There were medallists from world and 
European championships as well as Polish champion-
ships. The participants represented all weight catego-
ries, according to sumo rules and regulations. The ma-
jority of subjects used to practice various sports in the 
past (Table 1).

To evaluate the ability to maintain static balance the 
posturographical method was employed in the tests 
[4,9]. The following measurements were made: with 
eyes open (EO), with eyes closed (EC) and in condi-
tions of feedback (FB). A posturograph manufactured 
by Olton (Poland) consisted of a 400×400×55 mm 
platform equipped with tensmetric transducers, which 

enabled the registration of the vertical projection of 
the centre of gravity (COG) by determining the pres-
sure centre of the feet on the platform (COP) [5]. The 
location of COP during measurements was recorded by 
means of temporary values of COP swings in the x and 
y axis. The competitors subject to the experiment per-
formed three test tasks, each lasting 32 seconds. Every 
task was carried out in an erect posture, in various con-
ditions of maintaining static balance with the use of 
visual analyser. The following measurements were tak-
en: with eyes open (EO), and subsequently with eyes 
closed (EC) and in conditions of feedback (FB). In the 
last experimental situation the subjects followed the 
picture of COP on the monitor as a light source and at-
tempted to keep it within the square visible in the cen-
tral part of the screen.

For the analysis to be completed, the following features 
were applied: the area developed by COP – ACOP; as 
well as the number of COP deflections in the fron-
tal plane and in the midline plane – marked as NDFP 
and NDAP, respectively. The test results were compiled 
by the application of statistical software Statistica 8 
(Statsoft, Inc. USA).

Results

The tested sumo sportsmen were characterized by a 
great diversity in terms of body structure. However, 
since the size of the tested group was relatively small, 
particularly in the heaviest weight categories, the anal-
ysis of results in separate categories was abandoned. No 
statistically important correlation coefficients between 
height, body mass, BMI and ACOP were observed in 
tested women and men.

The closing of the eyes contributed to achieving high-
er values of ACOP (Table 2). The introduction of feed-
back was instrumental for those tested persons who 
achieved the lowest ACOP values in that test situation. 
Nevertheless, the differences which occurred were not 
statistically significant.

The change in the value of ACOP results from the mod-
ified number of deflections as well as their varied range. 
The experiment looked into the changes in the num-
ber of deflections in the frontal and the midline since 
it was assumed that they form a basic factor accounting 
for the reaction of the subjects to the change in the en-
gagement of visual receptors. It was affirmed that both 
the visual analysers switch-off and the introduction of 
feedback had an effect on the increase in the number 
of deflections (Table 2). The value of deflections in the 
midline plane (NDAP) rose more significantly than that 
in the frontal plane (NDFP).

Feedback – the reaction 
of the system’s end-status 
parameters to the initial 
characteristics. It relies on 
the gathering of information 
concerning own actions and 
adjusting reactions on their 
basis.

Balance – the ability to keep 
the position of the body in a 
dynamic, reflex-conditioned 
process.

Posturography – a method 
facilitating the assessment 
of the level of the ability 
to maintain static balance. 
It enables the registration 
of the configuration of 
the vertical projection 
of the general centre of 
gravity (COG) upon the 
determination of the 
pressure center of the feet on 
the platform (COP).

The centre of gravity 
(COG) – a point to which 
the resultant of the forces of 
gravity affecting the elements 
of the body mass is applied.
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Discussion

The posturographical method applied in the test permits 
a comprehensive assessment of the efficiency to main-
tain static balance by means of registration and analy-
sis of the course of reaction to the change in the loca-
tion of the general centre of gravity (COG). ACOP is 
defined as a measurement of the overall body’s dynam-
ics, which comprises the resultant effect of the various 
nervous-muscular components in the joints. Their fea-
tures are mainly dependent on the principal input sig-
nals from the system of balance – visual, auricular and 
proprioceptive [4]. In an indirect manner, the posturo-
graphical method assists the determination of the ways 
to pursue the most stable body posture that is the so-
called postural strategies. Mechanisms maintaining the 
body in static balance function on the strength of these 
strategies [3].

The tested male sumo competitors achieved varied re-
sults of ACOP. They were more favourable than those 
obtained by female ones (Table 2). This trend con-
cerned all three test situations, which differed in terms 
of the engagement of the visual analyser (EO, EC, FB). 
Interestingly enough, the best results when it comes to 
the ability to maintain static balance were obtained by 
males, who boasted a considerably higher level of BMI 
(M=30.5) than females (M=26.7). A similar depen-
dence was also seen in other tests. It was determined 

that the improvement of the so-called postural stabili-
ty occurs alongside the weight gain and, simultaneous-
ly, the higher moment of inertia [10]. Weight gain also 
results in the growth of the supporting plane, which 
is beneficial for the ability to maintain static balance. 
Detrimental, on the other hand, may be the effect of the 
increase in body height [10]. This viewpoint is also held 
by Young and others, who claim that greater body mass 
enables people to keep a more balanced body position, 
which results in fewer body swings [5]. Nevertheless, 
it is not rare a conviction that too much body mass re-
sults in postural instability and, similarly, in a greater 
inclination to fall, which may consequently lead to in-
juries and fractures [12].

During measurements taken in conditions of feedback a 
tendency to achieve the lowest values of ACOP among 
men and women became evident. The cause may lie in 
the improvement of precision of the central nervous 
system’s functioning by the activation of visual recep-
tors. In effect, the level of spatial orientation facilitat-
ing the ability to maintain static balance may be im-
proved. The subjects, being able to follow the movement 
of COP on the monitor were in a better position to con-
trol and systematically correct its position, or in oth-
er words, attempt to keep its image within the central 
part of the screen. It is an essential ability, whose level 
may be influenced by a regular implementation of co-
ordination exercises, including balance exercises. These 

Sumo – a kind of martial 
arts which derives from 
Japanese national sport. 
It indicates a swift 
counteraction to the 
opponent’s punches. The 
fight is an attempt to throw 
the opponent out of the mat 
or to knock him down by 
appropriate throws, pushes 
or body hits [1].

Feedback – a mechanism 
which relies on the mutual 
synergy of effectors and 
receptors in a human body. 
Information about the effects 
of their actions accounts for 
the basis of further reactions 
readjustment. During the 
performance of movement 
it is a continuous process, 
which is fundamental to the 
steering of their course.

Static balance – the ability 
to maintain body posture 
without shifting the whole 
body or its parts. It is 
determined by registering 
and analyzing the course of 
reactions to the changes in 
the position of the general 
center of gravity (COG), 
measured most often in an 
erect posture.

Data Women (n=15) Men (n=26)

Weight category (n) ≤65 kg (10) ≥65 kg (5) ≤85 kg (11) ≤115 kg (11) ≥115 kg (4)

Sport class(n) MM (8) MK (5) I (2) MM (8) MK (14) I (5)

Previously sports disciplines (n) Wrestling (9) Combat sports (3) Others (3) Wrestling (17) Combat sports (1) Others (8)

Table 1. Subjects profile (n=41).

MM – international champion class; MK – national champion class; I – regional sports class.

Men (n = 26) Women (n = 15)

M SD M SD

ACOP-EO [mm2] 458.6 258.4 567.8 389.0

ACOP-EC [mm2] 677.5 402.2 783.5 523.6

ACOP-FB [mm2] 334.0 176.7 467.7 230.9

NDFP-EO [n] 21.6 9.8 24.7 9.9.

NDFP-EC [n] 27.1 11.0 25.9 10.3

NDFP-FB [n] 24.5 8.5 29.3 8.3

NDAP-EO [n] 23.5 5.5 23.3 8.6

NDAP-EC [n] 35.2 9.7 32.7 9.6

NDAP-FB [n] 31.9 7.5 31.7 8.1

Table 2. The profile ability of maintain balance at sumo wrestlers (n=41).
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observations affirm the results of another experiment 
conducted on males aged 16–19 [2].

In the tested group the change in the engagement of visu-
al receptors brought about the increase in the COP oscil-
lations. The growth was more substantial in the midline 
than in the frontal plane. The causes might be attrib-
utable to the implementation of yet a different strate-
gy to do with the maintenance of the body in the most 
balanced position, for instance ‘the ankle joint strategy’ 
or ‘the hip joint strategy’. Nashner and others claimed 
that the choice of the strategy to do with the mainte-
nance of balance depends on the size of the base area, 
on the extent of the deflection of the centre of gravi-
ty within the bounds of stability as well as on the an-
gular speed of these deflections [13]. In the context of 
these two strategies, or their combinations, being fall-
en back on their arises a possibility to implement the 
third one, referred to as ‘the step strategy’. It is assumed 
in extreme conditions, when the force and the speed of 
COG’s deflection effectively limit the implementation 
of the former two, for example when COG’s deflections 
are beyond the bounds of stability. The displacement of 
COG in the midline plane as well as its fluctuations in 
the frontal plane may be an indication of changes in the 
way static balance is achieved [3,14]. When it comes 
to the number of deflections in both planes, the sex of 
the subjects did not differentiate them in a significant 
manner. It appears that in sumo, when deflections ap-
proach the bounds of stability, the step strategy may be 
replaced with the shift of the supporting force onto the 
opponent. Also, one may apply the technique which 
relies on the opponent’s being knocked out of balance 
and thrown outside the fight area.

The values of the features typical of the ability to main-
tain static balance in the tested group of sumo sports-
men were lower among men in comparison with analo-
gous research conducted in the non-training group – the 
male students of physical education and middle-aged 
men. The tested female sumo competitors obtained high-
er values of ACOP in comparison with the female stu-
dents of physical education and classical ballet dancers, 
both age averages in these groups being 23. These ob-
servations may serve as confirmation of the influence 
of comprehensive and systematic balance training on a 
faster and more efficient retrieval of balance [10]. Female 

sumo competitors obtained lower values in comparison 
with the results obtained by women who turned 50 ac-
cording to ACOP measurements recorded by identical 
methodology [14]. It may have resulted from the differ-
ence in the amount of exercise taken, from the fitness 
conditioning of sumo sportsmen, from, among others, 
training devoted to the development of balance, but also 
from greater ability to concentrate on the task achieve-
ment, which should be typical of young people, partic-
ularly professionals.

Balance in martial arts is one of the most crucial coordi-
nation abilities both in offense and defence [11]. Lack of 
balance exercises in the course of trainings as well as the 
lesser force of muscles responsible for the maintenance 
of balance may account for the sense of instability and 
more often than not, lead to a sudden fall. With regard 
to sumo, the consequence may be that the opponent will 
be either pushed away from the mat or knocked down, 
which equates to failure in the fight [15,16].

Conclusions

The elimination of the engagement of visual receptors 
in the maintenance of static balance among the best 
Polish sumo sportsmen significantly disturbs the basic 
COP characteristics. There occurs an increase in ACOP 
and NDFP, particularly in NDAP.

The introduction of FB while measuring the ability to 
maintain static balance enables the limitation of ACOP. 
Its lesser value is achieved owing to a bigger number of 
COP oscillations, especially in the midline plane. The 
ability to take advantage of FB to maintain static bal-
ance proves its high developmental level.

Sumo sportsmen, in comparison with other sportsmen 
and non-training individuals, achieved lower ACOP val-
ues in the majority of cases. It counted as yet anoth-
er confirmation of the high level of the ability to main-
tain static balance.

Acknowledgements

This paper was produced from resources earmarked for 
statutory research. The organization of research was pos-
sible by courtesy of Polish Sumo Association.

	 1.	Polski Związek Sumo, zasady walki i zawody, 2009 
[in Polish]

	 2.	Starosta W, Rynkiewicz T: Stronne zróżnicowanie 
poziomu zdolności zachowania równowagi staty-
cznej w zależności od rozmaitej informacji wzro-
kowej u osób w wieku 16–19 lat. Antropomotoryka, 
2008; 18(41): 43–48 [in Polish]

	 3.	Held-Ziółkowska M: Organizacja zmysłowa 
i biomechanika układu równowagi. Magazyn 
Otolaryngologiczny, 2006; V(2, 18): 39–46 [in 
Polish]

	 4.	Rynkiewicz T: Struktura zdolności motorycznych 
oraz jej globalne i lokalne przejawy. Monografie nr 
354, AWF w Poznaniu, 2003 [in Polish]

	 5.	Błaszczyk J, Orawiec R, Cieślinska-Swider J, Fredyk 

A: Determinant sof postura: efefects of body mass 

and balance training, Contemporary biomechan-

ice: selected topice. Bober T, Siemieński A (eds.), 

Wydawnictwa AWF Wrocław, 2008; 38–48 [in 

Polish]

References:

152 | 2010 | ISSUE 3 | VOLUME 6 www.archbudo.com

Original Article

   

   
   

 -
   

   
   

   
   

  -
   

   
   

   
   

  -
   

   
   

   
   

  -
   

   
   

   
   

  -
   

   
 



	 6.	Allum JHJ, Shepard NT: An overview of the clini-
cal use of dynamic posturography in the differen-
tial diagnosis of balance disorders. J Vest, 1999; 
9(4): 223–52

	 7.	Shepard NT, Telian SA: Balance system function. 
AJA, 1992; 45–51

	 8.	Nashner LM, McCollum G: The organization of 
human postural movements: a formal basis and 
experimental synthesis. Behav Brain Sci, 1985; 8: 
135–72

	 9.	Kruczkowski D: Zdolność równowagi ciała – 
rzetelność pomiaru i oceny przy wykorzystaniu 
platformy tensometrycznej. Rocznik Naukowy, 
2000; IX: 191–215 [in Polish]

	10.	Collins JJ, De Luca CJ: Open-loop and closed-loop 
control of posture: A random walk analysis of cen-
ter of pressure trajectories. Exp Brain Res, 1993; 
95: 308–18

	11.	Rynkiewicz T, Zaleska-Posmyk I, Żurek P et al: 
Wpływ wysiłku fizycznego na zdolność zachow-
ania równowagi statycznej u mężczyzn w wieku 39–
58 lat. Aktywność ruchowa osób w różnym wieku, 
Szczecin, 2008 [in Polish]

	12.	Young Y, Myers AH, Provenzano G: Factors associ-
ated with time to first hip fracture. J Aging Health, 
2001; 13: 511–26

	13.	Corbeil P, Simoneau M, Rancourt D et al: Increased 
risk for falling associated with obesity: mathemati-
cal modeling of postural control. Trans Neural Syst 
Rehabil Eng, 2001; 9: 125–36

	14.	Nashner LM: Practical biomechanics and physi-
ology of balance. In: Jacobson GP, Newman CW, 
Kartush JM (eds.), Handbook of balance function 
testing. Mosby Year Book, St. Louis, 1993; 261–79

	15.	Zakynthinaki MS, Stirling JR, López Díaz de 
Durana A et al: Comp Phys Comm, 2008; 179(8): 
562–68

	16.	Horak FB, Nashner LM: Central programming of 
postural movements: adaptation to altered support-
surface configurations. J Neurophysiol, 1986; 55: 
1369–81

Rynkiewicz T et al – The ability to maintain static balance depending…

VOLUME 6 | ISSUE 3 | 2010 | 153© ARCHIVES OF BUDO | SCIENCE OF MARTIAL ARTS

   

   
   

 -
   

   
   

   
   

  -
   

   
   

   
   

  -
   

   
   

   
   

  -
   

   
   

   
   

  -
   

   
 


