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A Biomechanical Analysis on TUG OF WAR.

Hiroh YAMAMOTO* Shigeki KAWAHARA** Hiroshi WAKAYAMA***

ABSTRACT

The purpose of this study was to investigate the elite Japanese male properties
during tugging movement of the rope on TUG of WAR. The games of TUG of
WAR in Japan were basically different from those in the world.

In the other words, generally TUG of WAR in the world games has held at open
air, however, so far TUG of WAR itself has spread through the country as one of
indoor games in Japan. Sixteen tuggers were employed for this experiment as
subjects, who won All Japan Championships in 1985, 1986, and 1988. In this study,
the biomechanical analysis of muscle activities (EMG) and the tugging forces of
powerhold session with their maximum efforts during 10 sec., respectively.

The major findings of present study were as follows: (1) As to EMG during
tugging movement of powerhold session, the high activities of dorsal muscle
groups were measured as compared with ventral muscle groups in lower limb.
(2) Maximum tugging forces to the fixed objects by powerhold session averaged
148.5+31.7kg. The summed force of these eight tuggers by powerhold was
1188kg in calculation. On the other hand, the force that they exerted simultane-
ously and altogether by powerhold was 792kg. Therefore, in this experiment, the
practically measured forces were lower than those to be expected in calculation
theoreticaly. It will be able to be concluded that the harmony and coordination
with each member of the team should be stressed on TUG OF WAR as a sports.

* A B5  SIRAEHETERETEMIEE (Department of Physical Education, Faculty of
Education, Kanazawa University)

*x JIIE ¥ AN IESSEMER—BREER (Department of Liberal Arts, Ishikawa College of
Technology)
* kx| W SREFMTIEASE (Kanazawa College of Arts)
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Fig. 2 Powerhold exercise on TUG OF WAR.
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Table 1, Physical characteristics of subjects in ~ Table 2, Physical characteristics of subjects in
TEAM A. TEAM B.
N=8 MEAN $.D. MIN. MAX. N=8 MEAN §$.D. MIN. MAX.
age age
(yrs) 26.6 3.96 20.0 31.0 {yrs) 24.3 2.29 20.0 27.0
height height
(cm) 176.1 6.29 167.0 184.0 {cm) 174.6 3.60 168.0 180.0
weight weight
(kg) 73.1 4.21 68.0 82.0 {(kg) 67.4 3.31 60.0 72.0
grip grip
strength {R) 87.3 3.71 50.0 62.0 strength (R) 54.4 4.53 48.0 61.0
(kg) (L) 54.5 4.37 50.0 60.0 {kg) (L) 50.6 2.14 48.0 54.0
back strength back strength
(kg) 136.8 14.16 119.0 162.0 (kg) 129.6 4.29 125.0 135.0
power hold power hold
{kg) 148.5 31.73 120.0 200.90 (kg) 121.0 24.35 90.0 171.0
power stroke power stroke
(kg) 185.8 36.83 132.0 232.0 (kg) 148.9 28.88 115. ¢ 208.0
Vo, max.
(1/min.) 4.08 0.771 3.04 5.71
Vo, max.
(ml/kg/min.) 54.48 7.853 43.43 69.63
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Table 3, Correlation coefficients among the experimented variables.
variables weight grip back power power
{(n=16) strength strength hold stroke
(R) (L)
* %

height .592 .204 175 .211 -.046 .337

** * % * X %%
weight .533 669 .561 .270 553

* % * *

grip (R) 772 .428 167 .501
strength ., .63 .246 592™"
back
strength -.009 .268

power hold

L1111

* Significant at 0.05 level
**% Sjignificant at 0.01 level
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Fig. 3 Force curve during power hold session of team A.
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Fig. 4 Force curve and EMG during power hold session of subject K.H. in team A.

Ruo0, FEDFIEFRNY FR—-LVOR—  FEETEANELZ-F—28FA—0f2E &S
WAVFUVfT@ﬁﬁ%éPHEmﬁK@T Do, BEEIMES|S L RENES LD
Q@%abf\%ﬁeu%w\Kummmuw BETHZ LWIEZH I TE, BH2HE
76). NMIKS (1984) DFESDH 5, 72, 5% NHE L U-EEBNEH & SHEHWEHCET 5/



132 SRRFEEFREE TFEARE

B14E BRI E

B 5 (1963). 74 (1975). Fls (197D 7 o8
% OMERSE & SEERIS L, 35 K
RTOEF|NAERESNAELEZNE, £
BHEFEC L 2EF N8BT F— 42
HOES|HEERFEAOET £ OEIFRHED
ERFHONEME D, SHROWEBREL %
B3TH29,

Fig. 4 icid, #IRVAF 2 —KAF—ALD D
v I H—ThiHHmE KH. 0, X7 —Fk—
WRRBITA R HEROBFERL L,
HEECEL TR, F—o2EE LTOER
CEUULERE 2R L RARES113122ke TH
>z, HEMIZEL T, ready-go DS KIE
. MAIEBD ST — K — ) K OBEBA~BT
THHEIICE OB PET W B, Z0HE,
KERER & IRBHOMENBA L T 55,
EDBSUEBRBE bV o LR _HE - @
VEAS « KK - RERZHERIOMENKE Lo
Tw3, Zhid, FRENIEBEIICZ-TLD
ELOHHEBMEETHREESILLS> LTS
BEERSMBO o TREVLHEEISNDE, &
52, TEREHCBLWIEINZBx2T5XK
FRER & RER_BERA. ATRRERD & BEEA O M
DOEFEED., MBI 2RV —FK—NVFCREER
BxrLTwsEEZONE, IHRIIBOBR
FXBWTHRBROHREREITD shiz,

DEDZ s, MElEFRECBLTE, Lk
FEOHmEE: THEHom#EE2hLE LMY
—=> 7T, BEREAOH I EHH D L
Hihd, S5, FBIEHEBEN8HLORFET
BEInIEAEED O, BFEREACBIT
BBAREFHOME F— Ar2EDORAES S &
DIREREDD I EBDRBTHS, f>T. #
SIEDEF| 7 A —LEHRL., F—LELTH
BT 2 HORERELSHROWERETH 5,

BEIM
1)Asami, T., Y. Sato, and Y. Yoneda, Analy-
sis of the Finger Strength. Reports of

Sports Research, Tokyo University of
Education, 7 ; 32-46, 1969.

2 )Ishiko, T., Studies of Grip Strength (3).
Jap. J. Phys. Educ. 1 (7) ; 430-435, 1945.
3)Ohtsuki, T., Decrease in grip strength
induced by simultaneous bilateral exer-
tion with reference to finger strength.

Ergonomics 24 ; 37-48, 1981.

4)/NEF =, FKENE, ARE I EEEN L
ZEHE/COWT, EIIEE, 13(1), 35-33,
1963,

SR v A F I Ay FR=—ABERIIBIT SR
— AN B Y v 7 ORI, ERARFH
ZHLE, (8). pp35-40. 1976,

6)IUAEE, IIFES > FR—1DKR—
Ny RY V7B R EBRNSE, —R—
E3| QKT 2AEEET —7OMR— &
RREZHEER - BREEWRE, 5205,
pp289-296, 1984,

7)BERE, B  FEHOBRRICBT 55|
FOHE E—), BEFENEIL, 16,
116, 1968,

8) ek ER, GAER, XS | FERFO
B0 BT 2 R—REERED L ZENE
H—, REBRFLBEETER, BET%£, 179
-189, 1977.

DERETTHE, MAFZ, RREHE,» | ZBERK
MOFFE—F I F OB DWT—, EEEH
7, 14(5), 147, 1970,

1045 ¥R, TERARE ), TR, ppdso
-481, 1957.

11) BAEEE RS, /N8, Vol 14, 1975,

12) B EEwS (B, TAR—YKiEH,,
KIEFEE]E, 1987,

INEH #H, "Chfal &2, xR
1984,

HAER B CHET 2HE—REENED
EZEE I OWT— HERELESE
FER, E54E, 29-39, 1975,



