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Abstract

Arm-wrestling is known as an easy-to-use, friendly play or competition. Since arm-wrestling is won by
involving the opponent's arm and falling down, it is said that the size of the body frame, the grip strength,
which is the gross muscle strength of the entire arm, or the effective mechanical activity of the muscle
groups is important. However, there has been no research on the factors that are effective in winning arm
wrestling. Therefore, we examined the factors necessary to win arm wrestling by examining the arm
wrestling rate and forearm length, weight, grip strength, and maximum internal rotation vector value of the
shoulder joint by using 16 healthy 20-22 years old as subjects. The relationship was examined statistically
by Spearman's correlation coefficient. Then, using a multiple regression analysis, the winning rate of arm
wrestling was analyzed as a dependent variable, and items with significant correlation were analyzed as
independent variables. As a result, it was found that the winning rate of arm wrestling has a high correlation
between forearm length and the maximum internal rotation vector value of the shoulder joint, and the latter
is particularly involved.
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Introduction:

In recent years, it is said that public awareness of
health has increased. In particular, fitness club
users are increasing year by year due to a ?rowing
tendency to improve muscle strength. ™ Arm
wrestling has become a quiet boom with
competitions held all over Japan in that trend.
Arm wrestling does not require any special skills
or places and can be easily performed by anyone
of all ages. While it has been used as a general
play since ancient times, it is also a world-
renowned sport, with international competition
regulations established by the World Arm
Wrestling Federation. In recent years, arm
wrestling has been actively studied in the field of
human interfaces such as virtual models and robot
systems, but few studies have performed Kinetic
analysis of arm wrestling performed by humans. [

51 the actual movement of the upper limb during
arm-wrestling is kinematic analyzed to be the
internal rotation of the shoulder joint with the
elbow axis. Therefore, in this experiment, a floor
reaction force meter reproduced the same situation
as arm wrestling, analyzed the three forces of the
longitudinal component, horizontal component
and vertical component, and calculated the
maximum internal rotation vector value for the
shoulder joint. Then, forearm length, weight, grip
strength, which is an index of coarse muscle
strength of the entire upper limbs, and maximum
internal rotation vector value of the shoulder joint
were measured as factors for winning arm
wrestling, and the relationship with the winning
rate by round-robin arm wrestling were examined.
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Materials and Methods:

Subjects were 16 healthy males with right-handed
ages 20 to 22. In addition, the body weight was 65
kg or more and less than 70 kg according to the
class of the arm wrestling All Japan Games. First,
the forearm length and weight of all 16 subjects
were measured, and the experimental limb
position was a sitting position, and the grip
strength was measured with the experimental limb
as the upper right limb. Next, trials of arm-
wrestling were performed at the elbow joint 90 °,
wrist joint 0 °, and forearm intermediate position
on the force plate (CFPO3000A, Leptrino Co., Ltd,
Nagano, Japan) (Figurel). Then, the longitudinal
component value (Fx) and the horizontal
component value (Fy) at the time of exerting the
maximum floor reaction force vertical component
(Fz) were analyzed. The resultant force was
defined as the maximum internal rotation vector
value of each subject's shoulder joint(Figure2).
The experiment was performed three times, and
the maximum values of the grip strength and the
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Figurel: Trials of arm-wrestling was performed at
the elbow joint 90 °, wrist joint 0 °, and forearm
intermediate position on the floor reaction force

meter

Results:

Table 1 shows the results of the winning
percentage of arm wrestling, forearm length,
weight, grip strength, and maximum internal
rotation vector value of the shoulder joint of all 16
subjects. Table 2 shows the results of the arm
wrestling round-robin battle of all 16 subjects.
The results of Spearman's rank correlation
coefficient are shown in Table 3. The winning
percentage ranking showed a high positive
correlation with the internal rotation vector value
of the shoulder joint (R = 0.75, p <0.05), followed

maximum internal rotation vector value of the
shoulder joint were adopted. Next, the 16 subjects
performed an arm-wrestling round-robin battle,
and examined the relationship between forearm
length, weight, grip strength, maximum internal
rotation vector value of the shoulder joint, and the
winning rate of arm-wrestling using Spearman's
rank correlation coefficient. The time limit for the
match was 30 seconds or less, and if the match
was not reached within 30 seconds, it was judged
as a draw. Next, using a multiple regression
analysis, the winning rate of arm-wrestling was
analyzed as a dependent variable, and items with
significant  correlation were analyzed as
independent variables. In addition, this study was
approved by Hiroshima cosmopolitan University
Ethics Committee (approval No. 1824), all
subjects received an adequate description of the
experiment and agreed before participating in the
experiment.

Fz

Figure2: Definition of shoulder joint maximum internal rotation
vector value on the floor reaction force meter.
The resultant force of the floor reaction force sagittal component (Fx)
and the floor reaction force horizontal component (Fy) when the
maximum floor reaction force vertical component (Fz) appears.

by forearm length (R = 0.64, p <0.05) and grip
strength (R = 0.45, p <0.05). It showed a moderate
positive correlation. The correlation with body
weight was low, with R = 0.31, p <0.05. Table 4
shows the results of analysis using multiple
regression analysis with the shoulder joint internal
rotation vector value, forearm length, and grip
strength, which were correlated with the winning
percentage ranking of arm wrestling, as
independent variables. In multiple regression
analysis, shoulder joint internal rotation vector
value (standardization coefficient -0.26, p <0.01),
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forearm length (standardization coefficient -0.37,
p <0.01), grip strength (standardization
coefficient-0.42, p <0.01)) are related factors for
the round-robin win rate ranking of arm wrestling.

Discussion:

It is generally said that in order to win in arm
wrestling, the forearm is longer as a lever arm, the
weight that can be loaded on the arm is heavier,
and the strength of the entire arm is stronger. All
of these refer to mechanical advantages. Aikawa
et al. study also states that the relationship
between force and position is important when
performing special exercises such as arm
wrestling. ! On the other hand, in the case of
trauma caused by arm wrestling, damage to the
subscapularis muscle, which is pushed by the
opponent during arm wrestling and has an internal
rotation of the shoulder joint, and spiral fracture of
the humerus trunk are likely to occur. In addition,
it is often reported that biceps tendon rupture is
likely to occur due to forced elbow joint extension
and forearm supination. 1 All of these indicate
that a strong force in the external rotation
direction is applied to the upper arm during arm
wrestling. This also supports that the internal

rotation of the shoulder joint is greatly involved as
a kinematic factor in addition to the mechanical
factor in order to win in arm wrestling. In an
experiment conducted by Yamada to analyze
human arm wrestling and reflect it in a robot, the
internal rotation of the shoulder joint has also
attracted  attention. M In this study, we
investigated the relationship between the round-
robin battle results of arm wrestling and the
factors required to win, including the evaluation
of the internal rotation muscle strength of the
shoulder joint. As a result, the winning percentage
ranking had the highest correlation with the
internal rotation vector value of the shoulder joint,
and the R value = 0.75, showing a high positive
correlation. Next, the correlation with forearm
length was R value = 0.64, and the correlation
with grip strength was R value = 0.45, showing a
positive correlation. The correlation with body
weight showed a low correlation with R value =
0.31. From these facts, it was found that by
strengthening the shoulder joint internal rotation
muscle group and efficiently exerting the shoulder
joint internal rotation vector, it is possible to win
the arm wrestling or prevent the trauma that
occurs during the arm wrestling.

Tablel: Round-robin arm wrestling win rate, forearm length, grip strength, maximum internal rotation vector value of shoulder

joint for all subjects

win rate forearm length weight grip strength v ti’t‘j?)lr‘nlsee::ltl:rj;:ilght

A 100 25.7 700 469 o l...427
B 083 255 815 927 |..8%8
LG 08 258 892 464 400
Do 078 252 ] 663 3.0 282
CE 083 257 8O 442  |....880
JE 060 249 683 418 ] 184
G 058 257 .88 400 289
CHO 0SS 250 ] 673 430 208
5 1 053 246 ] 655 393 ] 144
UL 00N SRR L1 USSR SSSRR 252 ] 659 800 .86
L 043 258 672 370 134
JL 082 248 08 414 o |eal
Mo e 245 ] 662 404 298
DN 008 252 887 453 82 .
O 005 247 o .......888 388 165

P 0.02 24.6 65.9 42.8 11.9

Table2: Results of arm wrestling round-robin battle for all subjects
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Table3: Correlation between the round-robin win rate of arm wrestling and related factors
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Conclusion: [1]
We investigated the relationship between the
Round-robin arm wrestling win rate results and
the factors required to win, including the [2]
evaluation of the internal rotation muscle strength
of the shoulder joint. As a result of investigating
using Spearman's rank correlation coefficient, the
winning percentage rank showed a high positive
correlation with the shoulder joint internal rotation [3]
vector value, and showed a moderate positive
correlation with forearm length and grip strength.
In multiple regression analysis, the shoulder joint
internal rotation vector value, forearm length, and
grip strength were extracted as factors related to [4]
the winning percentage ranking of arm wrestling.
From these results, it was found that the internal
rotation vector value of the shoulder joint is
greatly involved as a factor for winning in arm
wrestling.
[5]
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