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Comparison of various forms of performing the double-leg circle on the pommel horse
Motoyuki NAWA"' | Kazuie NISHIWAKI %, Kyoji YAMAWAKI ~, Ko AYUSAWA™
Akihiko MURAI ” and Yoshihiko NAKAMURA™
13-61, Shikanodai Higashi 1-chome, Ikoma city, Nara, 630-0112 Japan

This paper deals with a comparison of three different types of double leg circles performed by three gymnasts. The
differences were examined between circumferential speeds, between heights of gravitational center, and between
angular velocities of hip rotational motion around the body axis. We obtained three-dimensional position data using 35
markers attached to the gymnast’s body and detected muscle activities using 24 sensors. As a result we conclude as
follows: (1) In order to perform graceful double leg circles, a quick hip rotational motion is required. (2) This
performance is associated with the acceleration of hip rotational motion in advance of the start of the hip rotation. (3) It
is suggested that the muscle activities not only of the upper part but also the lower part of the body are required for the

performance.
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Fig.2 Vertical movement of gravitational center
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Fig.3 Trajectories of tiptoe
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2 ¥ ] &
3 Rangemtial selouty —— Rzl veladity & - tamgeatial vebodity, | “
- - ¥ ¥ T = ! ——
= Y " T L——— g e ) T | = g, — anpalar velneity E - - AT P ey f =
E 1 % TroE | K4 LR = S-S 1 - 12 é
TR - Lo | B 4 | s (o E s ] 4 &5
E ., i m i 5 = N
38 + * s z . “ | \;; ;‘..\ | I | )
I 3 i ]
; iy e I v d [ £ P | i WE| B Lo 1 f | _,3;
3 £ 3 | =
4 | | Vi Pl i i = . | 4. 8| Fa B | )
¥ X, [ y - - = | A y * +
5 '- A 4 NG e Tl =N = :
z + = 0 2 - 7 r Fl 5 —
1 = 1 1 1 1 = 1
o L] o i L] o
00 011 021 832 41 053 063 074 BES 695 00 011 03 D33 044 DS% 066 077 088 0sa 080 411 03 034 045 657 068 879 0%
mermalized tiene t/T nonmalzed tinee £T nadmalized tima 1T
(a) Gl (b) G2 (c) G3

Fig.8 Time history of tiptoe velocity and angular velocity around body axis

“YHKL” ORPEE. C~DDOXETH D08, REHEEzONNHEIZZ VLRI BT > TRBY . Z0OWyEED
TR LEE L 72D ZOMHEOAEUCE L Tk, G 1RFIIESCHTHHA, G2, G3EFI, 2ThHY.,
G1EFLV LEROAEIHE VI —) L 72 ToTWVE LB EZBND. £2, Sb %@m@h EFTX
MOELEL, G2BFLGIRFICHENDY, G2BFI., —H, A FACETELZD LEEOINEDTTH
NDMN, G3BFITIRBMLDOL I RRREBICE DS Z L7 #mﬁf%ﬁﬁbth EC, MEHIZERC TV 5.

ZOEIIATL B &, BIZC~DOKMIZIT TR, TIICELMKBALED “UHKL” O LITiX
SRR LT OB L ZERDND. G 3EER, 3SBFEOHFTIE, BT, \EMIBEORVEEREZ L TWb7
O, ZOERFO GHRL” OZ7e Uik, HERZRIERZ T 2ICHlz> TORBREEx 560 L Bbis.

%Kﬁ&t\oi%wﬁﬁk IREHIEIER O A HEE DBIRZ A B 7O, WEZFE LY T 7R LIZH OO0, K
8THDH. ZIUTLD, WTHOERIZBNTH, oi%@%%ﬁ%ﬁb Z D%, BRI IR T D
e 5Jllﬁr%c:focoﬂ\é ZENGIND.

4. “YPHEL” 2B B5ESE

E9lz, 3FO “UIRL” 05y (C ~ (A)) ICBIT DANEBEIEORSRYIHER 2787, X X< &
D, FERFLHIT, AN CR (FHESTHENKY) RIS L, A2 (A) s (ERZECENKTE) 12xt
T b, if: RN R LMD A (B RE) 1St 5. HEiIimEEE 4 R LT 5.

YKL 1K 12BN T, Canb (A) RICELXMTHY , EFFRDRFERIT/R D720, ERIFHAICE
HL, 207 —# %K IITRLTND. 2B, K1 EWHRORERZEKRL TWAHG 1, G 3EFITONTIL,
G 2|FLIL, HAOHEWERSIZe D720, AHUFROT —X 2R/ LT 5.

Flo, SR LET—2IE WE LT =205 5 fiilEEEO Y — 27230, 5L EOLOEHH L TV 5.

F7T. C~ (A) [ZELHREMRMINIT, FRRD L 5 RNFICRD.

G 1EF : 2L LT, fHEEED LUMELS, FAOERIZEICAPE (C~D) #i95Thd.

G 2&TF: HISFHED L-UTEL, ZLOMAEMERLTEBY, 20, REEEPE (C~D) #% T%é

G3#®T: G2HEFIIEDOMHIEFE LNV OE— 2% LT D Z &%, LTWenns, £fficbizb

EENEZK L LED 2 ERSHERFL T D, F72, "UIRL “BiED %#_ﬂif\éiéi
PRRH OIS E A LT .

FEHINTWDERGHRNEZOEDLNSIX, T L5175,

G 18F : =Af BHEH) NERNTHL.

G 23T L. MER (P, D BECHEbN TS, D~ATY. bH > THEERHIT A5

(CEHES) Th 5.
G 33 F  RERTHAR;, KWNEsAG., KHFy. Mg (P, T8 . SEiAREL &b B> T,



(%
o7
T
<00 e ——R_01_DeltaideusParsCla
20D A AL A o
= ~
&5 - / ST R4 _TrapeniusA2
E w ; !'y ||l" ll,'r {4 raq)e.-us
§ X A L \ \\ I \v ‘" ——FR_05 _Trapesiush7
E i M /'J ——FR_0% _BleepsBrachiiCapution

\../’ Q e B_17 _RiepsFemoricCaputl o1
[ 33 k;\
.1

o+ == - S - —+
1 11 1 31 41 51 61 Fx § a1 u
time t [X5ms]

(a) Gl

e |01 Dhettoddens FarsChndcn
— 0 _DeltoidensPard pmal
—— 03 _Pectnralinbi st
—L_ 0 _Tragesinifl
—_ 0% _Trapein®?

w00 _Latths shomusdbhon P anve
e |10 _ Al v agan i
——1_12 _BacepaFemorhd apistlon

1 1n 21 £ ] 4 a1 bl ke 2
bt XS]

(b) G2

0.9

0E

0.7 J| \'
0.6 r ——R_03 _PactoralishiajorfarsSt
. I)"\II —t_Dd_Trapezinaft?
0.5 1
=u M \ \,_\\_4(\ ——R 05 TrapeziusRT
04 —

. ’7 \f\ \\ \\-\ ']J\' e B_Di _LatissimusDorsiParsie
g,
=, e —P_10 _Acluctats] 54
03 ? et 10 _Adductomhdagnisa
———FR_12 BicepsFemarisCaputlon
02
11

muscle activity level

0.1

s1 61 71 81
sima t (K Sms|

() G3
Fig.9 Time history of muscle activity levels in phase C ~ (A)
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