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Abstract 
Background. While throwing is the most important skill in judo, the majority of match time involves gripping exchanges (kumite). 
However, the roles of either arm in kumite are not well understood.   
Problem and aim. This study examines how judo athletes use their arms during kumite.          
Material and methods. A survey of 239 Japanese collegiate judo athletes was conducted. The survey covered judo athletes’ tsuri-te 
and hiki-te use in kumite, sex/gender, competition level, and weight categories. First, chi-square tests were performed to examine 
the relationships between arm use and competition level, gender, and weight category. Additionally, an analysis was conducted to 
compare the functional differences between tsuri-te and hiki-te. 	        
Results. No significant associations were found between arm use and competition level, gender, or weight category for either tsuri-te 
or hiki-te. However, a comparison of tsuri-te and hiki-te revealed that tsuri-te was primarily used for lifting and relaxing, while 
hiki-te was predominantly used for pulling (p < 0.001).         
Conclusions. No differences in the role of either arm were found between competition levels, sex/gender, or weight class, suggest-
ing that the intentions for using tsuri-te and hiki-te differ and that arm use is a general and basic technique. It is essential for judo 
athletes and coaches to understand the role of each arm when practicing the overall movement during kumite.
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Introduction

Judo is a Japanese martial art where the goal is to defeat 
opponents by throwing or pinning them down. Although 
some wins come from katame-waza (ne-waza), most are 

determined by points earned from nage-waza (throwing) 
[Witkowski et al. 2012]. Throwing techniques in judo 
involve kusuzhi, tsukuri, and kake, requiring breaking 
the opponent’s balance before applying the throwing 
technique [Jones 2018]. Many judo techniques involve 
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arm control of the opponent’s judogi and throwing the 
opponent. Studies have examined arm use during throws 
[Hamaguchi et al. 2024; Yabune 1994; Ishi, Ae 2014]. For 
example, skilled judo athletes in the rotational phase of 
the Uchi-mata extend the elbow joint to lift the opponent 
upward with tsuri-te and push outward with hiki-te. In 
contrast, the unskilled judo athletes flex the elbow, pulling 
tsuri-te toward the body of the tori and hiki-te forward 
[Hamaguchi et al. 2024]. Thus, understanding how the 
arms are used during throwing techniques is crucial in 
judo. However, two-thirds of a judo match is spent either 
regripping or attempting to grip (fighting for grips) with 
an opponent [Soriano et al. 2019]. Recent rule changes 
have tightened penalties for avoiding kumite [Barreto et 
al. 2022], increasing its importance. Kumite impacts the 
success or failure of a technique [Ito et al. 2019; Ito et 
al. 2015; Ito et al. 2023a]; thus, arm use in kumite influ-
ences performance. In wrestling, a combat sport similar 
to judo, each arm has distinct roles in kumite [Ito et al. 
2023b]. However, no studies have focused on the role of 
the arms in judo kumite. As the technical characteristics 
and duration of each phase in a match differ according to 
weight category [Ito et al. 2023a], competition level [Klys 
et al. 2020], and sex/gender [Sterkowicz-Przybycien, 
Fukuda 2016], arm roles in kumite may vary by these 
factors. This study aimed to clarify the role of each arm 
in kumite to improve judo performance.

Material and methods 

We conducted a questionnaire survey (Google Forms, 
Alphabet Inc., USA) and collected responses from 239 
Japanese collegiate judo athletes. Questionnaire items 
were adapted from a previous study [Ito et al. 2023b]. 
To ensure content relevance and clarity, the items were 
reviewed and refined through consultation with two 
experienced judo coaches (both 6th dan black belts and 
co-authors of this study), each with decades of competi-
tive and coaching experience, including participation in 
the Japan national team and international tournaments. 
Although no formal psychometric validation was con-
ducted, the questionnaire was designed to capture judo 
athletes’ conscious perceptions of arm usage in kumite, 
and expert feedback was used to enhance content validity 
from a practical perspective. Survey items covered the 
most important movements and how judo athletes used 
hiki-te and tsuri-te in kumite by selecting predetermined 
options and a free description section. From the prede-
termined options, participants selected “pull,” “push,” 
“stop,” “lift,” or “relax” for each arm. Judo athletes indi-
cated their competition levels from the following options: 
“Has won prizes in senior national competitions,” “Has 
won prizes in age category national competitions,” “Has 
won prizes in age category region competitions,” “Has 
won prizes in age category prefecture competitions,” and 

“Experienced in participating in age category prefec-
ture competitions.” In the free description section, judo 
athletes indicated their number of years of experience.

To investigate the impact on competition per-
formance, participants were categorized into 
“high-performance” and “other” groups based on whether 
they won prizes at regional competitions. To examine 
the effect of weight class, participants were categorized 
into “lightweight” and “heavyweight” groups (Table 1). 
Additionally, this study aimed to analyze trends in hiki-te 
(pulling hand) and tsuri-te (lifting hand) use among judo 
athletes. First, a chi-square test was performed to com-
pare the frequency distributions of movements selected 
for hiki-te and tsuri-te across all participants, confirm-
ing significant differences. Furthermore, a chi-square 
test assessed whether significant differences in move-
ment selection were observed between the two arms 
for hiki-te and tsuri-te.

Table 1.  Weight class and number of participants in each 
weight group.

Weight group Lightweight (n) Heavyweight (n)
Men 60 kg and 66 kg (40) 100 kg and 100 kg+ (43)

Women 48 kg and 52 kg (22) 78 kg and 78 kg+ (6)

The analysis was performed using SPSS Statistics 
(version 28, IBM Corp., Armonk, NY, USA). From the 
predetermined options selected, a chi-square test investi-
gated the relationship between arm use and competition 
level, sex, weight categories, and the most important 
movements for the hiki-te and tsuri-te. Residual analysis 
was performed based on expected values and standard-
ized residuals to examine detailed differences in arm 
usage. Additionally, separate chi-square tests for tsuri-te 
and hiki-te were performed using SPSS Statistics. For 
post-hoc analysis, pairwise comparisons were conducted 
using R (version 4. 2. 1) and RStudio (2023.12.0) with 
Bonferroni correction to adjust for multiple compari-
sons and examine the distribution of the most important 
movements for each arm. If more than 20% of cells had 
an expected frequency of <5, Fisher’s exact test was 
performed using R and RStudio. A p-value <0.05 was 
considered statistically significant. A post hoc power 
analysis was conducted using the pwr package in R and 
RStudio. With a sample size of 239, degrees of freedom 
of 4, and a significance level of 0.05, the statistical power 
to detect a medium effect size (Cohen’s w = 0.3) was 
0.975. This indicates that the sample size was adequate 
to detect meaningful group differences with high statis-
tical confidence. Informed consent was obtained from 
all participants through Google Forms before they com-
pleted the questionnaire survey. This study was approved 
by the Human Research Ethics Committee of Waseda 
University.
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Results 

The number of participants with 1–5, 6–10, 11–15, and 
16–20 years of experience was 2, 49, 149, and 39, respec-
tively. The number of male and female participants was 
177 and 62, respectively, with each weight class shown 
in Table 1.

The chi-square test showed no significant associa-
tion between the role of each arm and competition level 
for tsuri-te (χ²(4) =1.345, p = 0.854; Figure 1) or hiki-te 
(χ²(4) =1.775, p = 0.777; Figure 1). It also showed no 
significant association between the role of each arm and 
weight class for tsuri-te (χ²(4) =4.563, p = 0.335; Fig-
ure 2) or hiki-te (χ²(4) =1.609, p = 0.807; Figure 2) and 
between the role of turi-te and sex/gender (χ²(4) =6.819, 
p = 0.146; Figure 3). Fisher’s exact test also indicated no 
significant association for hiki-te (p = 0.313; Figure 3). 
However, a significant difference was observed in the 
most important movements identified during kumite 
between tsuri-te and hiki-te (χ²(4) =38.014, p <0.001; 
Figure 4). Residual analysis revealed that the tsuri-te 
had significantly more “lift” and “relax” responses than 
hiki-te, whereas hiki-te had significantly more “pull” 
responses than tsuri-te.

Discussion 

This study examined how judo athletes perceive the roles 
of their tsuri-te and hiki-te during kumite, the gripping 
phase that occupies the majority of match time [Soriano 
et al. 2019]. While previous research has mainly focused 
on arm use during throwing techniques [Hamaguchi et 
al. 2024; Yabune 1994; Ishi, Ae 2014], this study is among 
the first to investigate the functional roles of each arm 
from the perspective of athletes’ subjective awareness 
during kumite.

Our findings revealed that “pulling” was the most 
emphasized action for the hiki-te, whereas for the tsuri-te, 
“lifting” and “relaxing” were both frequently reported. 
This suggests a more diverse set of roles for the tsuri-te 
than traditionally described in instructional literature 
[Sacripanti 2013]. Notably, the emphasis on “relaxation” 
with the tsuri-te – a concept not previously highlighted 
in judo research – aligns with evidence from other fields 
[Kato et al. 2019], such as sports [Sakurai, Ohtsuki 2000] 
and music [Fujii et al. 2009; Yoshie et al. 2009], where 
efficient performance is linked to the ability to modulate 
muscle activity through both contraction and relaxation.

Another key finding was that these arm usage pat-
terns did not differ significantly across competition levels, 

Fig. 1. Comparison of tsuri-te and hiki-te use between genders. Panels A and B show tsuri-te and hiki-te, respectively. The upper 
and lower bars represent women and men, respectively.

Fig. 2. Comparison of tsuri-te and hiki-te use between weight categories. Panels A and B show tsuri-te and hiki-te, respectively. The 
upper and lower bars represent light and heavy weight, respectively.
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gender, or weight class. This consistency suggests that 
judokas, regardless of background, may share fundamen-
tal strategies in arm use during kumite. Such universality 
reinforces the instructional value of these findings and 
offers a practical basis for coaching.

Before throwing, judo athletes execute kuzushi to 
cause the opponent to lose balance, which is a funda-
mental skill to throw the opponent [Jones 2018]. One key 
kuzushi movement involves pushing the opponent. In 
this case, opponents often push back to avoid penalties 
for stepping outside the competition area [International 
Judo Federation 2020]. At that moment, the attacker can 
break the opponent’s balance by pulling the opponent 
back with hiki-te. For example, in seoi-nage, pushing 
first and then pulling out as the opponent pushes back 
is crucial [Kano 1986].

Fig. 4. Comparison of tsuri-te and hiki-te use. The upper and 
lower bars show tsuri-te and hiki-te, respectively. A significant 
difference was observed in the most important movements 
identified during kumite for tsuri-te and hiki-te (*p <0.001). 
Residual analysis revealed that tsuri-te had significantly more 
“lift” and “relax” answers than the hiki-te, whereas the hiki-te 
had significantly more “pull” answers than tsuri-te.

Relaxation in tsuri-te is important for efficient mus-
cle control in daily life and sports, and proper exercise 
execution requires muscle relaxation and contraction 
[Kato et al. 2019]. For example, novice badminton play-
ers display consistent unnecessary contraction of the 
triceps brachii while executing a racket swing, whereas 
skilled players demonstrate minimal unnecessary con-

tractions [Sakurai, Ohtsuki 2000]. In judo, beginners 
have greater muscle activity during throws than skilled 
players [Okada et al. 1984]. Additionally, Sogabe et al. 
showed that during seoi-nage, the thrower can efficiently 
transition to technical action by instantaneously contract-
ing and relaxing the muscles of the tsuri-te [Sogabe et al. 
2004]. Moreover, a previous study comparing the upper 
limb stretch reflex in the near-arm (tsuri-te in judo) tri-
ceps muscle between wrestlers and non-athletes found 
that wrestlers showed a unique stretch reflex response 
[Ito et al. 2022]. Wrestlers could modulate the triceps 
stretch reflex based on the task dependency, allowing 
them to respond “quickly” and adapt “in response to 
the opponent’s movement.” Moreover, in tasks involv-
ing relaxation to disturbances, wrestlers showed smaller 
reflexes than non-athletes. Therefore, the action of “relax-
ing” may be a key factor for success in combat sports, 
such as wrestling and judo.

Although a judo athlete’s subjective arm use during 
kumite has been clarified, the role of each arm remains 
unclear. Some studies have focused on gripping before 
throwing [Ito et al. 2015; Ito et al. 2019]; however, they 
did not analyze the role of each arm in actual matches. 
Future research should examine arm movements during 
matches by studying video footage of judo competi-
tions. Moreover, examining the relationship between 
judo performance and the electromyographic (EMG) 
or biomechanical properties of kumite movements is 
important. Quantitative evaluation of judo is some-
times difficult because of interference from markers 
or sensors during movement. Recent advancements in 
wearable sensors for biomechanical and EMG analyses 
have been used in sports [Taborri et al. 2020]. Mark-
erless motion capture systems have already been used 
to evaluate throwing techniques [Cetinic et al. 2022]. 
We believe that it is necessary to clarify EMG activ-
ity and joint motion during practical kumite use. The 
participants in this study were Japanese collegiate judo 
athletes. Techniques and tactics differ across countries 
[Boguszewski 2014] and age categories [Miarka et al. 
2012; Miarka et al. 2014]. 

Fig. 3. Comparison of tsuri-te and hiki-te use between performances. Panels A and B show tsuri-te and hiki-te, respectively. The 
upper and lower bars represent high performance and others, respectively.
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This study had some limitations. The sample was 
limited to collegiate judo athletes from one country, 
which may affect the generalizability of the findings. 
Furthermore, the gender distribution of participants was 
unbalanced, with a greater number of male than female 
judokas. However, this reflects the actual demographics 
of registered judo athletes in Japan, where approximately 
79% are male and 21% are female [All Japan Judo Fed-
eration 2025]. Additionally, self-reported data on arm 
use could be subject to bias or inaccuracies. Moreover, 
while the questionnaire demonstrated content relevance 
through expert review, it was not formally validated using 
psychometric methods, which may limit its reliability and 
generalizability. The study also lacked objective meas-
urements, such as EMG or motion capture, which would 
provide a more detailed understanding of arm move-
ments. Finally, the cross-sectional design limits causal 
conclusions, and future studies with diverse populations 
and longitudinal designs are warranted.

Conclusions 

The present study, using questionnaires, suggests that 
judo athletes use tsuri-te to lift and relax and hiki-te to 
pull the opponent. No differences in the role of each 
arm were found between competition levels, sex/gen-
der, or weight class, suggesting that the intentions for 
using tsuri-te and hiki-te differ and that arm use is a gen-
eral and basic technique. It is essential for judo athletes 
and coaches to understand the role of each arm when 
practicing the overall movement during kumite. In the 
future, surveys should target judo athletes from various 
countries and age groups.
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Wyjaśnienie różnic funkcjonalnych między 
tsuri-te i hiki-te w judo kumite

Słowa kluczowe: judo, kumite, rola ramion, kwestionariusz, 
sporty walki 

Streszczenie 
Tło. Chociaż rzuty są najważniejszą umiejętnością w judo, 
większość czasu trwania walki zajmuje wymiana chwytów 
(kumite). Rola każdego z ramion w kumite nie jest jednak 
dobrze poznana.
Problem i cel. Niniejsze badanie analizuje sposób, w jaki zawod-
nicy judo wykorzystują ręce podczas kumite.
Materiał i metody. Ankieta została przeprowadzona wśród 
239 japońskich judoków studiujących na uczelniach wyższych. 
Dotyczyła ona wykorzystania przez judoków technik tsuri-te i 
hiki-te w kumite, a także płci zawodników, poziomu zawodów 
oraz kategorii wagowych. Najpierw przeprowadzono testy chi-
-kwadrat, aby zbadać związki między wykorzystaniem ramion 
a poziomem, płcią i kategorią wagową zawodów. Dodatkowo 
przeprowadzono analizę w celu porównania różnic funkcjo-
nalnych między technikami tsuri-te i hiki-te.
Wyniki. Nie stwierdzono istotnych powiązań między uży-
ciem ramion a poziomem zaawansowania, płcią lub kategorią 
wagową zarówno w przypadku tsuri-te, jak i hiki-te. Jednak 
porównanie tsuri-te i hiki-te wykazało, że tsuri-te było używane 
głównie do podnoszenia i rozluźniania, podczas gdy hiki-te 
było używane głównie do ciągnięcia (p < 0,001).
Wnioski. Nie stwierdzono różnic w roli poszczególnych ramion 
między poziomami zaawansowania, płcią lub kategorią wagową, 
co sugeruje, że intencje użycia tsuri-te i hiki-te są różne, a użycie 
ramion jest techniką ogólną i podstawową. Dla zawodników 
judo i trenerów istotne jest zrozumienie roli poszczególnych 
ramion podczas ćwiczenia ogólnego ruchu podczas kumite.


