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Table 1 Sculls for propulsion and support in synchronized swimming
(5], 2005 ZH4%)

Table 2 Evaluating Execution - " The level of excellence in highly specialized skills"
(FINA, 2007)
Table 3 Guiding Scale for Height Quality of Performance Terminology (FINA, 2007)
B2E SUBRBFZE
Table 4 Description of the flat scull techniques in synchronized swimming coaching manuals
Table 5 Description of the support scull techniques in synchronized swimming coaching
manuals
Table 6 Description of the eggbeater kick techniques in synchronized swimming coaching
manuals
Table 7 Muscle cross-sectional area of thigh and psoas major in Japanese elite synchronized

swimmers (A[H & /A%, 2001)

Table 8 Isokinetic peak torque of leg strength by using Cybex, and correlations between peak
torque (Nm/BW) and eggbeater kick skill level for Japanese elite synchronized
swimmers (Af#] & A%F, 2001)

AT TS5y FRINLOEMERE L EEE N

Table 9 Elbow and wrist depth and upper arm and elbow angle depend on no load and 1.5 kg
load conditions for Excellent Group and Good Group

Table 10 Upper arm parameters during one cycle of flat scull and heights of grater trochanter
in Back Layout position (Layout), Ballet Leg position (BL) and Ballet Leg Double
position (BLD)

Table 11 Key differences in flat scull movements between Back Layout position (Layout),



Ballet Leg position (BL) and Ballet Leg Double position (BLD)
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Table 12

Table 13

Table 14

Table 15

Table 16

Table 17

Table 18

Table 19

Right upper arm angle, elbow angle and sculling range depend on no load and 1.5 kg
load conditions for Excellent Group and Good Group

Wrist angles of flexion (+), extension (—), radial (+) and ulnar (-) deviations, and
forearm angles of pronation (—) and supination (+) depend on no load and 1.5 kg load
conditions for Excellent Group and Good Group

Body composition and support scull skill levels of swimmers

Upper arm and elbow angles and scull range during one support scull cycle
performed by swimmers with excellent and good sculling skills

Scull plane angles to the water surface during one support scull cycle performed by
swimmer with excellent and good sculling skills

Key differences in support scull techniques between swimmers with excellent and
good sculling skills

Scores of supporting the Vertical Position, percent body fat and isokinetic peak
torque of shoulder internal and external rotations by using Biodex System 3 for
Japanese elite synchronized swimmers

Correlations (7) between scores of supporting Vertical Position and isokinetic peak
torque (Nm/BW) of shoulder intemal and external rotations, for Japanese elite
synchronized swimmers
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Table 20

Table 21

Table 22

Physical characteristics and eggbeater kick skill levels of the swimmers

Distance profiles for the knees from grater trochanter during one eggbeater kick
motion in the normal position and in the arms up position

Distance profiles for the heels from grater trochanter during one eggbeater kick
motion in the normal position and in the arms up position
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Table 23

Table 24

Table 25

Table 26

Table 27

Table 28

Angles between planes that swimmers' ankles formed and the water surface, and the
angles between right and left planes during one eggbeater kick motion in the normal
position and in the arms up position (degrees)

Measurement of flexibility for synchronized swimmers

Eggbeater kick skill scores and isokinetic peak torque of knee and trunk by using
Biodex System 3 for Japanese elite synchronized swimmers

Eggbeater kick skill scores and flexibility of hip and ankle joints for Japanese elite
synchronized swimmers

Correlations (7) between eggbeater kick skill scores and isokinetic peak torque of
knee and trunk for Japanese elite synchronized swimmers

Correlations () between eggbeater kick skill scores and flexibility of ankle and hip
joints for Japanese elite synchronized swimmers
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Figure 1 Load above the water surface during arm sequence using eggbeater kick.
Load above the water surface is supported by propulsion techniques like as eggbeater
kick or sculling.
Figure 2 Flat scull on Back Layout position.
Flat scull is used mainly in the back layout positions in synchronized swimming.
Figure 3 Support scull on Vertical position.
Support scull is used in the vertical position and vertical variation positions.
Figure 4-1 Definition of stroke and transition phases, and In and Out sculls in scull motion.
Figure 4-2 Front view of support scull.
Top photos: Inside and outside transition phases of support scull on a vertical
position.
Bottom: Stick diagrams of support scull movement during one cycle from front
View.
Figure 5 Eggbeater kick. Eggbeater kick is used mainly for supporting body and traveling.
Figure 6 Definition of In and Out kicks in eggbeater kick motion.
B2E SUBRBFZE
Figure 7 Factors to be elite synchronized swimmers (4<[#], 2005) .
Figure 8 Skill components of a team routine  (A<[#], 1994, 1997, 2000b % %) .
Gray area indicates components of main performance, which used with sculling and
eggbeater kick techniques.
Figure 9 Hybrid figures using support scull in duet routines (Left photo by Kaneoka, K.,
2004) .
Figure 10 Arm sequence using eggbeater kick in solo routines.
Figure 11 Acrobatic moves in a team routine.

Left: movements above the water surface, Right: underwater movements.
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Figure 12

Figure 13

Figure 14

Figure 15

Figure 16

Figure 17

H4E

Figure 18
Figure 19

Figure 20

Figure 21

Figure 22

Figure 23

Figure 24

Figure 25

Ballet Leg position using flat scull.

Body in Back Layout position. Body extended with face, chest, thighs and feet at the
surface. Head (ears specifically), hips, and ankles in line. One leg extended
perpendicular to the surface.

The relation between peak height and technical routine scores for all solo, duet and
team technical routines (Homma et al., 2003).

Comparison of the top 12 routines and others in peak height above the surface for
Solo, Duet and Team technical routines in synchronized swimming at the 9" World
Swimming Championships in Fukuoka (Homma et al., 2003).

Sculling in Crane position (Left) and Vertical position (Right) (Yates and Anderson,
1958).

Sculling for mid depth (Left) and for bottom depth (Right) in Vertical positions
(Jones and Lindeman, 1975).

Whirlpool from flat scull movement (Movies from NHK Education TV, October 9,
2004).

7 F v b AN OBMERE & FESL N

Schematic diagram of experimental set-up at present study.
Definition of analyzing items.

Changes in depth of elbow and wrist during sculling for swimmer F, Excellent
Group with no load. Zero (0) m of vertical axis indicates the water surface.

Changes in upper arm angle during sculling for swimmer K, Excellent Group and
swimmer Y, Good Group with 1.5 kg load.

Changes in elbow angle during sculling for swimmer H, Excellent Group with no
load.

Mean sculling time for In scull (Out-In), Out scull (In-Out) and total scull cycle
(Total) under no load and 1.5 kg load for right and left hands. Significant differences
between no load and 1.5 kg conditions: *p <0.05, **p <0.01.

Changes in attack angle of the hand during sculling for swimmer F, Excellent Group
with no load. An angle of 0 indicates a flat hand parallel to the direction of motion.

Right and left sculling patterns of middle fingertips and wrists for swimmer F,

X



Figure 26

Figure 27

Figure 28
Figure 29
Figure 30

Figure 31

Figure 32

Excellent Group under 1.5 kg load condition. The sculling pattern of wrist is a
slanting sideways figure eight. The sculling pattern of middle fingertip is a
sharp-pointed figure like a drop shape.

Right and left stroke phases have small incline, not horizontal. It is suggested that
inclines of stroke phases cause stability of side to side.

Back Layout Position (Top), Ballet Leg Position (Middle) and Ballet Led Double
Position (Bottom).

Schematic diagram of experimental set-up at present study.
Definition of analyzing items.
Determining the wrist joints angles (FH:1£7,1990) .

Peak angles of the palms during one cycle of flat scull in Back Layout position
(Layout), Ballet Leg position (BL) and Ballet Leg Double position (BLD).

Flat scull patterns for swimmer A, Excellent Group in Back Layout position (Layout,
Top), Ballet Leg position (BL, Middle) and Ballet Leg Double position (BLD,
Bottom).

FESE VR PRI NOBERME L RS

Figure 33

Figure 34

Figure 35

Figure 36

Figure 37

Figure 38

Figure 39

Vertical position with support scull.

Schematic diagram of experimental set-up at present study.

Definition of analyzing items.

Maximum, minimum and motion range (max-min) of upper arm angles during one
support scull for Excellent Group and Good Group under no load and 1.5 kg load
conditions.

Changes in upper arm angle during sculling for swimmer SE, Excellent Group with
no load and 1.5 kg load. Differences between min and max of upper arm angles
under 1.5 kg load were much larger.

Changes in elbow angle during sculling for swimmer KN, Excellent Group under no
load and swimmer HS, Excellent Group under 1.5 kg load. With a 1.5 kg load, the

elbow angle of swimmer HS was decreased at the outside transition phase.

Changes in sculling range during sculling for swimmer SE, Excellent Group with 1.5



Figure 40

Figure 41

Figure 42

Figure 43

Figure 44

Figure 45

Figure 46

Figure 47

Figure 48

Figure 49

kg load. Range of shoulder external and internal rotations indicate the sculling range.

Scull range during support scull.
The mean range for 10 swimmers with no load was approximately 105°, from 8§°
outside to 113° inside.

Front view sculling patterns of right middle fingertip and right wrist for Excellent
Group swimmers under no load and 1.5 kg load conditions. Sculling pattern with no
load is a slanting sideways figure of eight. Sculling pattern with a 1.5 kg weight is a
slanting sharp-pointed figure like a drop shape for swimmer SE, and larger out circle
for swimmer FM.

Changes in velocity of right wrist and fingertip during sculling for Excellent Group,
swimmer SE with no load.

Schematic diagram of experimental set-up at present study.

Definition of scull plane angles.
Scull plane angles mean the angles between the water surface and the planes drawn
by the wrists from/to In to/from Out during one support scull cycle.

Changes in angles of wrist flexion and extension and of forearm supination during
one support scull cycle performed by Japanese National Team swimmers A and K
with excellent and good skills, respectively. Horizontal axis indicates %time of one
support scull cycle (100%).

Changes in attack angles of hands during one support scull cycle performed by
Japanese National Team swimmers A and K with excellent and good skills,
respectively.

Front view of scull patterns of left and right hands during one support scull cycle
performed by Japanese National Team swimmers A and B (Excellent group) and
swimmers J and K (Good group). Swimmers B and K drew a slanting sideways
figures of eight and swimmers A and J drew inside sharply pointed figure like a drop
shape.

Bottom view of scull patterns of left and right hands during one support scull cycle
performed by Japanese National Team swimmers A and B (Excellent Group) and
swimmers J and K (Good Group).

Average scull ranges were L 100°, R 106° for Excellent Group and L 81°, R 84° for
Good Group. Excellent Group had 19-21% larger scull range than Good Group had.

Sculling cycle time during one support scull cycle performed by Japanese National
Team with excellent and good skills. Out-scull phase was longer for swimmers with
excellent (52%), than with good (45-48%) skills.
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Figure 50

Figure 51

Figure 52

Figure 53

Figure 54

Figure 55

Figure 56

Figure 57

Figure 58

Figure 59

Schematic diagram of experimental set-up at present study.

Eggbeater kick in the normal position (top photo) and in the arms up position
(bottom photo).

Determining the ankle plane.

Determining the coordinate system for the angular velocity of the thighs, lower legs
and feet.

Stick figure of the eggbeater kick in the normal position for swimmer A, Excellent
group, and swimmer E, Good Group, of Japanese elite synchronized swimmers. One
eggbeater kick cycle is 100%.

Distance profiles of the knee and heel from the grater trochanter (0.0: zero) during
one eggbeater kick motion in the normal position for swimmer A, Excellent Group
and swimmer E, Good Group, of Japanese elite synchronized swimmers. The
distance of the knee and the heel means the relative height of the knee and the heel.
One eggbeater kick cycle is 100%.

Relative angle of the thighs, which means the angle profile of between the right and
left thigh, during one eggbeater kick motion in the normal position for swimmer A,
Excellent Group, swimmer C, Very Good Group and swimmer E, Good Group, of
Japanese elite synchronized swimmers.

The planes that the ankles formed through the eggbeater kick in the normal position,
and the angles between these planes and the water surface for swimmer A, Excellent
Group and swimmer E, Good Group, of Japanese elite synchronized swimmers. The
planes that the ankles formed are shown by shadowing.

Angular velocity profiles around each axis in the moving systems during eggbeater
kick motion in the arm up position for swimmer B, Excellent Group, and swimmer E,
Good Group, of Japanese elite synchronized swimmers.

Flexibility test for synchronized swimmers.
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voruFA X RAAL I 7N, FERO—EEK EICH L TREEELZ T 5EE THD.
KECHED—E AT &, KB L REOR NPT D720, & DL (REF
T 2INTED LTei ) L REOFF N AT OO FIETHRTE R bn. v ratda
ARAAL I T TR, A=Y 7 (ONEITE - THEE ) 2 ELEE) Sy 7 e —4
—FXv 7 (BEIXRELTTIFREELARBITENTHIENZ AL BIKED—FE) Lol
HEHEEL AT (Propulsion Techniques) (& & - T L ~OHEHES) 215, HIEO—# %K EIZRFEL,
SFEIERRHEMEEZFREIC LTV D (Figure 1).

= | Propulsive force by

: propulsion techniques

Figure 1 Load above the water surface during arm
sequence using eggbeater kick. Load above the water
surface is supported by propulsion techniques like as
eggbeater kick or sculling.
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Ty raFA X RAL L T OEREEICIE, KEOHEOE S, BEDLENE - 20 5
S, BEORAE—FROHDH Z LARKDBIL (FINA, 2005; McGowan, 2006), LY @&l
N7 =<V AZZETT DI, HRORNWAN—Y IRy T =S —F v JTDAF )L
DEENVHATH S, AN—Y Tyl e—F =%y 73> ruar A ARALI T
DO ETEEFT D ORI ROEAFERTH Y, N OITHEOES &b 5 B2 Hf
ThDH (KM, 1992 ; 4 71EH>, 1979; Lundholm and Ruggieri, 1976 ; McGowan, 2006 ; JG4f, 1986,
1987 ; Nesbitt, 1991 ; Reeves, 1975 ; [XI 7], 1990, 1993, 2005) .

Yy atA XRAL L7 ORREBE T, ITEORQBARFEEORRER X O o m
BIZE B R, WoZ ) DEEDLENE AL—XE, ZLTMED bAEICEY EL ik
ZEFHZEnRkOOLNTND (KRR, 2005, 2006). > 7 mFA X RKAA I 7 ARRE
F—oiE, HAKGKGEFHEE A By 7 BRI T, 1997 50 2007 FHIEE T
IR 2 MLOBEE AR A IO TN D, R OMEE & LT, BAREF—L205m8L L
TR ENTWD DL, KEDODHFEDOFE I & LAKEBEIA B — ROEWN D
EThD (K, 2000a ; A & GHEE, 2005 ; MEEAN B ARG > > 7 0 ZB SRR Hf
#, 2002). F£72, 2005 FHFKIKERFHEAKZ TH L a T ra—F BT ZREE (2006
) ORAARRET—L2OBBITIE, NHKRKEOMEIH & BNomSx LiFs) 02
RNREENTWD (MENVEANBAKIGEB > > 7 vty g a—F, 2005). FvatLa
—F UL, Mo BT — 25 E il L CHARRFIHREREN NS RE, =T 4 E D27
— VNI oo 2 L ERFERL, ZAULAARRFEONL HKEROK EOF RO R I MRV
EBFNTHD ENT LTS, £72, BISE (BELS) B*omsSiconTy, Ry 7
LALDES~EFD2 2080, BEAEL UOKEMEZE E30 cm (27252 &%
FTWa., 20X, BAREF—LFILHRE L7 4 X7 (WH) OG0T+
—YUATBWT, BWHEROEIEMFT O L AREERELE LHADO L —=0 7
WROMATHD., [ESE LT 5] 720, IESEMERT 5] 72oZi3shiE B ~oHiE ) %
AT HEERAR O AT L LR AR THD.

Flr—7 42 (Routine) 13, A hr—2, 74 %27 LZOWSNLMREN, FRICODETRY 1T 7
HEEDOZEThS.

PRI (Vertical position) 1%, 5% T LI & il 2 CABIC BRI HIE LEESHOZ L ThD. 1
MBS CINE, THN) LRSI ERB.

B34 %a7 (Figue) 1, M—NT v 2 ICHESRIEAI200 D7 4 X2 TV ED0EDDZ & & STHE
bHDHB, V=T 4 YR TEMEESN ORI THNOND Z ERE0.



i
1
£

AR RAL IV TICBWTAA—Y vty J =4 —F v 7 L\ ) HEER
T d o & EAROHEINTHY 2035, R, Ky 7T LU THiRKOMEE LT
FFONDIEFICHERAZLVTHS., LoLans, TOEMEMHAL XS & L2ERY
MBI A DT E L. 20—V TEEDQFATHIRIZDTNICHA LN L8, ZDI1FE
AEF 2 RIEFIIZED D TH Y, 3 WTHREE THDL AT — U & ZEEDIRITIZIL,
RBMEORMNSHH. 7, =y 7 —4—F% v 7OV TIE 3 WLmiriiithbnTung
HOD, KEKEBFEZHNRIZLIEMIETHY, o7t A XA RAAL IV TERFEEXNRIZ L
HOIEFIH LN, FL TR, AV vy 7 OHFUERFHE LA OB LV~ H 5 RF A%t
ZLUATONTRITHEETH Y, TREPLREDNEIHICAT =) IRy JE—HF —F
v 7 AF )N AN ESELZODOREBAE TIEE LS TV,

INFETEZLLOBEERHRIN, ATV IIBLOTy S E—%—F v 7 HEIZON
TR FHIEEGR D> © O, FRERD b 5Ll S 7R EEHAN LA L S LTV 5.
LvL, £ZTHRRENTWDHONE, Bz, 2Ah—V v ZEETHIIE, el x A%
o TCTFOOLDMEELASERNEAINT D] [HiiEA > &7 7 MK E )T
EBHDITT, FOJEMAESI A2 EOREHEAESL AN NVORNEEHITREL TS
HDIFIEEALERN. b BbAA, THETITHRS N TWDIREEIL, 10 THEER T2
IFILEL > TEIRESEZIZRY, FREICEDOOTHHAZRLOTHD. LnLens, F- 1k
BN EHIZA D=V v T HiE 1 LT 5720 OREIREBRAR T3 TH Y, fFEEICE)N
ATV D EMERFEIC DWW T b E EAITRRGEE S 4TIV R0,

Thzx, by 7 Lo b b—=2 78T, HEEEIT O 2 Fvm icm i ToEE
FORENLRENE N TS, Lo T, Yo7t A X RAL T ORI OENE
FetEZ L, R K SHEEN 215 2 72D OF il T OSBRI O W TR A D 5 B
nhoHEEDND.
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Z ZCARIFZETIE, 3 RIEEBSIICE > Ty v/t A XA RAAL IV TREDATD
— VT S —F —F% v 7 OBVERMEZ BRI ST L, M EOEEND X
D ZhR I HEE R O BN A E S HT LA BN E LT,

1.3 HREDER

AFFEDOERIL, v ut A X RAAL I VT ORERGETROLNTND, L EERM
ICHEE N 2RI CE DA =Y /Ry J B —F —% v 7 D AF )L LD T D FEHIR
BEROoNLZETHD. e, BRBROHBHETRNOBRRENTNDLI AN —T 7Ty
— X =% v 7 OFANRG A ERBICKREET 2 2 LA TE 5. S 6I2IE, 3 kouEifgsitr
EITHOZLIE AT, AN—V IRy =4 —% v 7 OHEETFEAERA T = X L O]

ICHENLOHIR AR/ D Z M TEDLLEEZEZOLND.
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14 HERHAROER

1.4.1 HEEFIY, HES, FEAR

— IR IA N BB &L D A THEE) L) Z EIEAHV SRS, EEE (1999) 12
FoL, ] T LEDL a2 L, M) IWEEBLED L TOZ Lz ).

I aFAXRAL IVTIZBNT, RO ORI ZRFF LN O EZITT 5
(IR DD oy & RO ) 2 5 Lt 2 R h 5. oF 0, BRLE L THEOR
BEEDRVEETY, KEHFMA~BEIT DB & RIERO BT & FV CTE L ~0 7 & F4f
Lfgei T D, FINA (EBKIKER) BITOY v/ aF A XA RAL I v T a—F Py v
L7V —<==27/L (FINA, 2006,2007) Ti%, BEIZ{E5 Ah—V 7, =y /e —%—%
v 7L EHIZERIRIRIED D “Propulsion Techniques” & L TH¥EIN, HAEOY ¥ v
OFFlE (MEEN B AKGEY > > 7 nZ B4, 2006) TlX “Propulsion Techniques” % [
AT SRR T 5.

DX REREND, FORTHREIFTH Ty /8= —F v 7 BILOAT—V 7
DWTROEAN & ABIGE CTiE [HEERAN) SERL, hbOBIFCRIEINDEE LD
% HEtET)) MRS EICT 5. Fio, AR TIHE, BHOBED EmEAREEXD.

142 AH—=Vv7, 79 bRAAN, P R—FRI N

2H3 =V 7E, BiEAKFTEN L CHEEN ZGELFEIFOZ & THhD., ot A XK
AZA IV THHETIE, AD—V 7 OHEIEREE ISNTEBY, SEXRY. LT,
EDX IR ANINE L TENEDT, FEREHBELEITHMOENC L > TRE TR B
AH =) TRENFITEN TS (Adamson ef al., 1985; Gundling and White, 1988; 7,
1992; Kartashov, 2005; Synchro Canada, 2002; [X %], 1990, 1993,2005). A% — U > ZIXFE D
EIZE > TR MEEZXDZENTED., DFD, ERTWHREKFHINZFOOD &M
FTRAINT S, FEOERE - HRAKICITTZI v b (FEZEE - HELARV), AX UK
— K (FEZN4S5ERT D), VA= (FELZRNASEET D) O3EEAHY, 77 v b
EEED L XICHWD. A=V U ZIEZL OBERH Y, TONRUA BEICE>TEE
EETHD. BBREHOKK—FHAR (7], 1993, 2005) OHFEICLDE, AH—V 7%
Wb D2 DDA T —Y 7 (L& KRS, Tr & KEES, wEES) LHEDOZDOD
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AHp—=V 7 (==, ZAx—)b, b—E—FK, UN—=ZA—E—F, IX—) IZ73Fb,
ELICEEEBTOFILDOTZDD AT —) v T OFR— M ABNVERN/SFEL TS (Table
1).

ARIGETIE, AB—V T %, B HEE ) 28T 5 L O o & TR, —ED
HEMET) 2o ifoe U CHAR LT DD & DT & ERT D, £ LT, [RA—=V 7] %M
HOAH—V v 7O E LTHWS. £72, L& KFEESChiz SEOMICAE L FE
7Ty MILERIEDORA =Y 7% 175y AV (Figure2) & EHRT D, EHIT,
A T L mEER F I R|EDONY = — 3 VR THY, BEIREORTE 721348
MELFEEZ7 Ty M LE#IEDA D=1 7% [HR—KFAHBL] (Figure 3) L EFHT
5. 77w MARIMIKEK, BARWKE, RIERETHLZHENDR, PR — AT T
YIaFfARRAAL IV ITREOEMTHD.

143 759 FAINVEMEL YR — MR I NVEED 1Y A 710 RBEEE

AIFZETIE, 7T v MADNVEYR—=KMRATLD 1 YA 7 LOJFEEREE% Figure 4-1 3 X
U Figure 42 D L HICEFTD. 1 ZAALDOHT, boL bIADME (FENSEENT-7E)
Z7 7N (Ouw), ok bHAOME (HEKROFLITEDNAE) Z2A4 2 (In) &T5. %
LC, SN ~DENEEZ A ATV, WIRDIASOEMELZT 7 ATV ERES. 1ZIEAKFE
NS AT LT B R &2 A kv — 7 JFifl (Stroke Phase) , 1 & AHVINGET W b XTI L,
FIT T RAINANEA AN~ ED D FE, 2EVFOOLDOME ZEZ 2R
Z AT (Transition Phase) & L, A Y ABDANELT 7 kA AL~ b 2 [ Nlg
1751 (Inside Transition Phase, Figure 4-2 O'EHEEA), T K ATDILINEA 2 A B )L~H]Y
b 2 i &MU 1T7RiE  (Outside Transition Phase, Figure 4-2 D EE k) L IEA,
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Sculls for propulsion and support in synchronized swimming

3] FOME FHEOAE HEITHM
HEDODRA—T
AT, ‘
I—J)L Nl—Ly 7 B DR AR =R FHD 51
T2 EDIKER LB
EmEARFEL,
A3—I)L PN —Ly 7 YEA RS U/R—2 e Fm
72 E DK R BB
f—E—FK KRR g6 F AP —R EHEDTTH
JN—Rp—E—K IEET A g I YRz FD 7]
HX— T & KR TEMBH D AR K —R SAD F7 1]
oS TURAN FIEATES  EROHT T Y-z BEESD TR,
IREILRAIL FREATAS  ERNET  s—xomy RS TOIHEL,
BIEORND—LT
NpEy/ a7 )
759k RAAIL Nl—Ly 7 EE NEODHE A0 #rik
72 EDIKER LB
TEDOEODOAA—) Y
, BB L o _
HHR—F AL ﬁ%ﬁ%ﬁ%@ O IR TSk ik
. HEE LR DOTEE
F—IN—AYRZRAI BEH. EIChT—L AL L0 A2 —R el
LA THWA.




Figure 2  Flat scull on Back Layout position.
Flat scull is used mainly in the back layout positions
in synchronized swimming.



Figure 3  Support scull on Vertical position.
Support scull is used in the vertical position and
vertical variation positions.
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Transition phase

Support Scull pattern
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IN
e
Transition phase

Stroke phases

/

N

N

In to Out : Out scull

IN Q‘:.Q ouT

-

Outto In : In scull

S

Figure 4-1

Definition of stroke and transition phases,
and In and Out sculls in scull motion.
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Inside transition phase Outside transition phase Inside transition phase

D D Y \h\[lfﬁ A% @ D
IN _ ouT

_________________________ > IN
In scull (Out to In)

A

Out scull (In to Out)

Front view of support scull movements during one cycle

Figure 4-2  Front view of support scull. Top photos: Inside and
outside transition phases of support scull on a vertical position.
Bottom: Stick diagrams of support scull movement during one cycle

from front view.
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144 Ty TE—F—Fv 7

Ty E—%—%v 7 (Figure5) 1%, BH% FHIC UK Z FECSE TR EAL (B I -
ToLB) CREAMICIHE, THREAAZEICEN L CTHEN /{280 & Th o (FINA,
2007). Ty ZE—Z—% v 73O & (KB JRE D 72 < iRy 78 3 Fi /) 2 /£T (Forbes,
1989) HIFTHL. =y 7 —4—F v 7 OMETT VAN hr—7DF v ZEEICEIT
BV, BETEHLEFRT, RToRE THRTRERMZH#I< Ko@) T. ERIERGE
B0, ARSI EHE O A AZ HATEN ) & 5 FRHN MR E)E T & 2 (Forbes, 1989).
MoEhx NEBRGHELLR O [JINZREER] IETWDL I ENE ZOARDOT L. T
EIZHB W T A ARKIEOFITO O L DI Bk ERH Y, H<hbiThbivTnd Wk
N BAKIKHEEE, 1983). JIRIZE > THWHID ROB) & CMEFRN LD 503, B2,
BV, B R, AR, BERRLEOHEELRH L. ZDOH, BERLMEIND HON
Ty JE—F =%y I LE-OEEXTHS. “y S —F—Fy 7T ruf A XA RAAL
LU TRARERIZBWTHEICHWO N OHEERIN TH 208, AAKIESLKBIEICKEWTHE
BREATAN T, IKTEHSNTWD GEARKASR, 1974 5 KATER, 1996 5 FETEAN B AKYK
L 1983). BBREOT Tt A A RAAL I T OREBRGICBNE, =y S E—H—

X o INHIKE] LR, ZHITEE R TOVLLKEEL ST,

145 Ty b —F—Fv 7BMED 1V A 7 NVOREHEE

Figure 6 (IZr L7k 912, 7o b ) A v (N) ~O8ifEEA Xy 7, £ (N)
MWoT TR O ~OEEEZT Y MRy 7 LIRS,
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Figure 5  Eggbeater kick. Eggbeater kick is used mainly
for supporting body and traveling.
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Right: Out kick (In to Out) Right: In kick (Out to In)

Front view of eggbeater kick movements during one cycle

Figure 6  Definition of In and Out kicks in eggbeater kick motion.
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15 v 7uarA X RRAL IV TOBEHIE

151 B v/ 7 A

voruFA X RAALITITNE, 1A THRS Y|, 284 TKRS T 2Ty b, 484 THKS
F—24, BI04 TS 7Y — - arEx—arD4 004X b3b 5. Hithrm
TIMIE, 74FX2T, ZUV— =T, TI=ZHNL =T 4D 3O0BH5. YV
0, Taxyv b, FoAX TV— =T EGL2OUEOT0 T AEFEKL, &
FHRTCIEN 2R ET D, BE, AV Ev I TIE, ZV— =T 4T T2 - b—
TAYD2OOT T T AR L, W5OEFHFA TN AZRE L TWD.

T4 X aTENL, EARRS L RARBEE A A DTGB ED Z & T, BHATIE A
FTOFRHMORT~HTEITL, THA v Ear hr—LOHEEFH. 2007 £J7E, FINA
74X 2T 10 REOENE DND 1 3L EORWT 4 F2 7 £ TI94FENY X FEh
TV, 7 U= =7 1 %, 3-4 HOEEMIRFEHR T b, EREHEZ AW THH
AR CHE AT O DO THD. TV =H « —TF 4 20F, 2552 4% 50 Fb O B I BRI
BERT O, EREEFREAHAL, HETIOL— L TED LI 7-10 O EZESH (Required
Elements) ZJEFFE Y IZFEHET 2 2 ERROHND. T LT, FEOERLIMNITT, k&
BH (Taxy NOBEIT 24, F—L2O5EIT84) MERHFEIT M THE LR Tides
. 7Y — s arexr—3a %, HEGRIIRIFRIAY 5 4y, ABT4-104T, YE, TaT
vk, NUA, IN—TTHKTEZ7)— =T 4 &2 HHRICHAE DY HEEIT).

152 HE DR &

vrruF A XRAAL I U7, FHAR (P v Y) OIS Ko TUBEMLRE S LD FEE
B ThD. Vv y VICKDFHEOBLAIE, KEL 22012505 L, HENAEONE (HE)
CHEMEDERNTHD. Uy y VITRFENFM LA, AR E o 7o iy R
b LT, HISEFOMRY R FHE Z2 00 2 TREBICTHET 2.

N—=T DTy vy GEHIED X, BEKROY v v VRRERITHI O G, Yy
USAERIXTHD 2 RFNVEREKT D, TV — =T 4 T, 1 SRR T T =H )L
AV R, IRNFNVRT =T A AT 4T AT LyvaZBRE8T5H, 77=0L )L

=7 4TI, 1 NRRABTT AFa— gy, 1RRVRF—N—F—L - Ty
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a U ERRT D, AFHBITERAIEEICIEY, 10 AR (1710 BE) TERET 5.

TY— =T A BT DT I =H - AUy NIEINGFHE T, SR, R,
DEOBENORET D, T—T A AT A4 w7 AT Ly a AFEMRNTHET, s
R, TEROMR, LB T—ra L OBADORRT L. —, TN =T v
IZBTFDT I AFa—a ik, BFE, DF0 EPNETERSCEITENTWHIEINDES
WERRR L, A= —F =)L A T Ly g VTN, S, HEERB L OEED
B, 7LEBT—va VOBEODERAL, U — - —TFT o L0 b EE A EE L
Pl & 2p o T D (OR[E, 2002).

1.5.3 HEEFNTOEZE O

=T 4 BT H5EHE (execution) DRI, vk&ENHMHFINZ ENZT~v A& —L,
FERITTWEBEZ L TW A0 DEEWEERAT S (McGowan, 2006) . Table 2 (3 FINA 73 7E &
CSEREOFMEETH D, I TIEHAFRETHOI ATV Ty S —F I &
W BIED 52X E OFHHIZ DWW TR 5.

A ha—2 (k&) B mo =S —F v s, ANV TRX v 7 7 L OHEERHTO
FEREEX, B/NRONTRROBESHE TN D, HAIERY O BWEBERREIZNTND
2, KEICHEZE S HETWDD, KEOHTEAN & FRELREFT 2012 H0kmE &
RU—ZAFZTNDh, BENRRD LI THRIT (effortless) Z72 L TWD XA D ER
Z L9 % (Bean, 2006). fENZIKE L, 1) KENPDLOHKROFESNEL, 2) BfEE 7R
DHMMIFIT TR LTEY,3) A b —27 IZHKIERF v 7 21 LT % (McGowan, 2006) .

77y NAINEYR— N AINEEIIHANTEITTE7 A FXF2TBLUONA T v K7
4 X 2T OEREL, K ECHEEREEIHE VDD, REOWMONRH 50, EiERES
EEMERZITSNTWD D, K EDHFTEAR ZRFFT 5 DIC 5372 S (strength) & /30—

(power) Zfii 2 CW570y, 720 LNTHRIT (effortless) X DEMEZZITTE TV DH A8
L LA 2 (Bean, 2006). Vk&EIX, W&, ROLNE, EMEI LI (effortless) % fifi 2

A2 hr—2 (Stokes) %, THKE, HIkE, /u—AREOREDLTHE.
S )47V K74 X2 (Hybrid figures) 13, MAKH, HABE BLOAY ST LRHEZHAL

EHEDOZETHD. 74 FXa2T ATy N7 4 FaT7 2R L THWAEXIZE, 74FaTldv >
FARHEEZS L, "M TV R4 XaTIEIr IART 4 X a T 2HASDbE - EHAM 2 S 1.
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TEMEZ AT LR T R 60, £ L TENIKE L, B LCERCRE YIS nH Y,
Befr & DoNT AN E L, B BIOBIE (R 77—V > ZEIE) 23720 (McGowan, 2006) .

PbEzEeoHd e, BfERTRRIRO LN TWAZ X, 1) K ErooFH KOS %5
SIRFFTE L2 [mE], 2) BELEEZBHIE BV ICERICHTTLZ & (BB LEE
DIEME], 3) RIS BRDONTRIZIELZITT L2 L [RObE, BEMH] THY,
INSOEMIEE XV @D LSV TEITT HI20E, KPCTOHEERITO A X L &2 DD Z &M
HERREERD.

& &) (Height) OREMEAEL, FINARITOL LI/ BF A X RAL IV T Vx v - a
—F - L7 V=~ =2 T B ST S (Table3, FINA,2007). ZRIZEDE, mID
BFIZAT—T A | (Stable Height), %A 7+ 27 /~4 k (Dynamic Height), 7 AT v
R nA | (Assisted Height) @ 3 fEAICOFEI 4L, CALEIUTE S OFHl A 7 — /L3 ERE S 4
TWh. AT =T A ME, FHR— b ADVTEFTHRELE, 7 L — BB 75
v RAINTHFFTH AL =Ly /T 2y S = =%y s TR 5T — by —r
AEE QLD E I EDOE S RFF LB OEEELIT) LEOEmEEET. X4 FI v
A MFAF AR, T2 WO mr g k27U MEN R L OBINREIEO S & ST
TYAT v RANA ML, TaxTy hRF—20OH T, MOKEIZEKZ LN TITI)EEDE S
L, FlzIE, V7 RV T EMER ZICHTZ D

Vx VIS SOE I LITRE SN A 7 — /W ITESWT, o [ES) OER
DFEEED HF. [EE] X Table 3R L7z K91, KEEL Y BICHEESR ENIZT S
SH722y, TRbBAKEITHT 2 HKOAE (water level) TRElT 5. 21X, ¥AR—F=R
HNERWTEITT D AT —T A bOFEITOIEREBE LS (FH D Double Vertical) O &

O L %8 (Crane position) 1%, Hix FIC L= BELHT, HMEEHIZHLT0° GKEIZTEIT) 1o
XL, 95— FOHZKEIIR L CEEIZ LIFREBTHD.

ETSL—Lw s (Balletleg) 1%, L1 & ATLHTHIE ARIC K L CEREICHIZ LEZEBTHS.

B ns— s A3, WREII S A LIS R LT ) i L REREBED L ThD. %<0
iy7€~5~%y7%ﬁwfﬁbhé

B9 25 2 1 (Thrust) 1, WMIASKE ISR/ v 7 34 2 B3N 5D, BhzTra—AL, [
M, MEEERL EHICoX R, B @ CRBEBETHS. @OFRENEEESLTND

B0 2 1 (Boost) 1, FEVEENED FABIETHS. FENREMICELE L X, Fliz A R kT
KIS BA A TE T 5.

FU gy k270 » b (Rocket Split) 1%, 2T 2 Fvh, #EBMZ L, Bl <@g
BT, FERWIE0CA Y U EITIBETHS.
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Table 3 Guiding Scale for Height Quality of Performance Terminology
(FINA, 2007)
Water Levels For: Excellent / Very Good Good Satisfacto Weak
’ Near Perfect i b
9.5 8.5 7.5 5.5 3.5
Double Vertical Upper Mid Thigh Mid Thigh Well above knee cap Knee cap Below knee cap
Bent Knee Upper thigh and . . . o
Vertical At Crotch higher Mid thigh or Higher  Near mid-Thigh Knee cap
Stable . Back of horizintal leg Upper thigh and ) ) )
Height Crane Position dry higher Upper Thigh Near mid-Thigh Knee cap
Ballet Leg At top of thigh Upper Thigh Mid thigh or Higher ~ Above knee cap At or below knee cap
Eggbeater kick . . . ) ’
Double Arms Bust above surface  Mid bust armpit dry Showing shoulder  Chin dragging
Thrust, Waist or heigher Lower waist Pelvis points Upper thigh Through knee ca
double leg ¢ P PP 9 9 P
Thrust, e . . . .
. . Mid Ribs Waist Pelvis points Crotch level Upper thigh
Dynamic single leg
Height
Rocket Split Waist or heigher Lower waist Pelvis points Some suit shows Mid thigh
Boost(head up) At crotch Mid-pelvis Top of pelvis Waist Barely to ribs
Foot First lift To chin Shoulder line Mid-chest Waist, may be Better without boost
unstable
Assisted . . )
Height Head Up lift Full body To ankles Mid calf Upper calf Hips, may waver
Platform Totally with platform Only lifted swimmer .
lift-height above surface above the water Ator above surface Knees(head up) Hips(head up)
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&, AKEALE S KR RO EoSE (KRR RO EEE K BICH L &) 9.5 48, Kilfhz
B KBEF OGS 8.5 i, KENEPEIEZ H0ITB R Tom S O%E 7.5 A, KIENLE DS B
BHHT-0 OF S OEAEIX 5.5 mNEHEC/RD. oy /E—4—% v 7 ToOMliik b (F
1 Eggbeater kick Double Arms) OEIEICEIT 5 mE 1%, MWEAER2ICK EICHTZE5E 9.5
B, BT R SKEALE OGS 7.5 ML 12D,

[EfES] (Well-defined lines) OFEfiIE, N—/7 v ZIZEHHMEI N TV S L B0 ITEEBO
ERBATENTWDNE I DERAT L. Flx1E, mELRSNE, THKIE, B2 TICLTH
JED 2 i 2 K I FEELC AR B (RRICHED), B, REid—ERR b (MEEAN B AR,
2006) EHEINTEY, V¥ v UIEEOEREDESWEFHET 5.

(72 LS - ZEPE] (Smoothness and effortlessness) DFEAfIL, #IZ—EDAE— KT
BERTTON, ETEHOHBENOD RN LREMERLEE L e ShD. Uy vy VIEED
SEREDEA WA 5.
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21 Y078 FARRARALI VT ITBITAHERERNTOMNE ST
211 V7 Fb A R RAAL IV ITRBFIZROONDBES

a4 X RAAL I RFICHERBIE )1E Figure 7D L 9 1R S5 (KRf#, 2005) .
voruFA X RAL IR, ik, K, OB D ER AR TREL, =
DICRBN E Vo T EMNBERENMA TIRE DN T 4 —v  A2AELHTHETH L. k&
DINT == A BB BT OO TEOEND, A=V 7Rz y S —2—F% v I
EOHEHERIN L, K TERAZHIET 2 EAREMTH D, 2 b DIERN 2B M > T

WRIT AT, MOBEEN EARICT SN TOTHENRT =< P AITKEORDIT 5 Z S ITEE L.

TR, Y ruF A XARAL I T OBEINTINT, HEERIT & LI O A BT

WIERICEERBER & L TEDSIT b TWD . FRCHEESIN 3R /DS ) TR O R %

EL_REITHLEVDbIL TS, RERDL, RO BWHEERAN K Lo F KOS S 215

L, BOLNTRBODLEMEEL LT NETHD (McGowan, 2006) .

EMTER
HERE, KRN

——’_—- T ————
- S~

- RERIE. BOERRTENIR
FREEF BFRN)

CELUMOSA Y “BissT— -
BOENL P ERES b Bk
Jaf— 3> BN E DM X igﬁjj‘ =
CEOH - B BB mEA

BLBE U X AEER =

AT E

ST
Rh—Uy
TysE—s—%vs

- BB T BB

~ -
~ ~ -
L — =
—_———— -

Figure 7 Factors to be elite synchronized swimmers (4<[#], 2005)..
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212 V—F 4 BT BEFO S

Figure 8 3T — 24 « b—F ¢ UIHE AR L CO D EEZEENICOE L0 TH D, X
POTL—THS IR I T =~ P AT 5 FEREET, T OBTITIEAL
— Vi rty s =2 =%y 7 OHERINNLHATH S.

Figure 8 D X 91T, £ N—7 1 1%, BMELITH> =Y 7T K> The LEIfEE 7~ LN T
IEICKBI SN D. [ EBEI 4 R 0T — LEEREF O 5 BEAIO 10 LN T i FE ki
LThIWEHESNTEY, =AW TOENEEEEDK 96% % LD 5. 7 —/LND
IEIE R T 4=~ U AEERT HREBIEL, TNEITD DO KFTOBE - i - L3
ZATOKFEMEIC T 6D, T LU TRIBMBEIIAF LT LAY ENS T A b LAY
WZKRBITE D, AFNT L AT LT ORBIETH DA bu—7 £7ETT7 — Ly
—7 T A, WORBBETH DL 7 4 XaT 721347V v 7 0¥ a7 (Figure 9),
FUOEMELEEZ SRS N T Yy va v nbid. A br—23kE, 7 r—L, Hik
EREDVUTNRIKEDZETHD., T—Ly—FJ T AL, Tyl E—H—%y 0%
% 7 2T HOBMORBEENEOZ L THD (Figure 10). L LEETIEA—T 4 V0N
ZREL, A TT 4 X a7 &R ba—7 ZHEETZEECH RO & B2l L C1T 5 HAEH)
FEDRHEZ, PMEICOBET 22N L o TETWS., MYy iaiE, 74%¥a
TIHHARr—2~ BH5ENNEI—DOOEENGHIOBE~BLEO SR EOBEE THD.
AT A bT LA VITENRN 2T 7 08T 4 v 7 A—T7 (Figure 11) 12 &, B H TS E
SERNG - TGO X O FENR T 0 —T 4 I RDD.

B2 o aNF 4y I h=T U, YTk, RAu—, RE Y, FIy R Tr—h, ST RYE, WHEDH

ERH LU COKF LD ERAEKE EIF 2EEORIRTHS. 2001 FONL—LWIEILL>TTZ7axT v 7
D—=TWEF =L« T I =N —T 4 VORTEHEZOOE DN N, BEEOCT 7T v 7 h—T
EKEIZELATHIZERRDENTND., 7V ——T 4 BV THTF =T 2y MEFED NS T4
FELT, EAEIFEF—AEETIC3-SBOT 7 a T v 7 A—T 50 AnTWD (KR, 2007).

22



- AMNO—4/T—A>—O IR /HEHEEIT
FE EEhE 2%

F—A ILAYY

T4F2aT7/ TV RT4F¥Fa27

- Sy ar

= ANT A YO ALA—T (U7 NROA—/Sv>T
JonH | AMS4 R V7 T4 YYD ( O—/S+>7)
TOEE ILAZY

ZA—-F42U

ARITYRTOa>

KERENE OKkPTBE) - %R - LHE)

Figure 8  Skill components of a team routine (4[#], 1994, 1997,
2000b ZkZs). Gray area indicates main components of performance,
which used with sculling and eggbeater kick techniques.
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Figure 9  Hybrid figures using support scull in duet routines
(Left: photo by Kaneoka, K., 2004).
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Figure 10  Arm sequence using eggbeater kick in solo routines.
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Figure 11 Acrobatic moves in a team routine.
Left: movements above the water surface, Right: underwater movements.
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213 EEFORI—Y Ty T —F—F v 7 ORE

2=V T IFH ROV O, FICHZK B BT TIT) 7 4 F 27 O
(R B2 IR D06 LS. AR (2000a) (2 XAUE, L& AKEESTHIEZ
KB EF =R — Ly 78 (Figure 12) D i /K i A ML A E 52 kg D&+
HFET 85 kef, Mz K EIC BTV —L v 7T VRO R EAIE 19.1 kef, BEZ TIC
Tz K Eic B - mE LS (DKL) TiE 14.8 kgf ORTEAR B> TS, Zh

ODORBERFTT D121, A=V 7 EZ AN TEOWEAN Z XFFT 57200 OFE L~
OHEN Z R T IER DN 225, LV bi), AR — M ADVIEELBTRRD
B S MR A0 VSIS (Zielinski, 2001b). £72, AW —U > 73 HIKE R 5
BB OIED, HElE, 1AL, G/ & O S ESERGROBE ICERT 2 EERHIFT (K
[#1,1992), FIRLEADNT o AZRFFTHZ L b AT —V T OEEFNIDO L D Th 5 (Nesbitt,
1991). KHEZZALIETIY, FERZBEIIEIEICE, FEOAKELZEZ TFOULICKE
UCHHMERET D, Sblg, AH—V > 71E, Abr—r (k&) Hezy re—F—
FuZIlBWTEHAEND (R, 1992 ; Nesbitt, 1991). flziE, =y 7/ —%—F% v 7
A R¥ VI TOT—Ly—7 AN 2475 L&, RHBEELZ L TRV L ORIZKE T T
AH—=V T EATN, MEEBICSFF S WIEHEE L LTERLTWSD  (OKHH, 1992).
ZDEEDAA—=V 7ET7 Ty hAINT, BidoKmi < (236 <. Nesbitt (1991) [&@Ew
B LAV OBRPIZB VT AN VDR HEN DA LT2HE, Ty /=2 —F v
EHMSEHAOBAHENRRKEL Lo TNWHIEEZ ML —=V JHRHCBIZLTRBY, =y 7Y
— X=Xy JRHIA =) T OHEET) OFEBRPKRE N L 2R L TN 5.

Ty ==Xy V[ FAN—V T LRI HEROXFF BN ZOEATHDH. Ty
Je—4 =%y 73N HBICRD 20, T Ay —7 T AEIT O Ol HEER i ©
b2 (Zielinski, 2001a). & RN ORIDOLH~OBAT, HHWIIHIOA hr—7 ~DEY
BRI H N7 0y va vy BirRo7r 7=y 27 L THHMHA IS (Lundholm and
Ruggieri, 1976). # L C, =y /=X —F% v 7 ZH\WeT — Ly —27 T A, 199440V
—VWETHEICMAONTET 7 =H « —TF 4 VOHEBEZEDO —DICHES L, HHED
MEE 2o TS, BEARIE, =y 77— —% v 7 ZHWTHlioK EEELZ /T 72
IIRECBEN L2 DATH) 2L L SNTRBY, FITRORKOES, BHOELE, BHOR
DHENS, AE—=FROHLZ NSNS, A (2000a) 12 LA, mpizK B EF7e
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Ty =%y JEEOEE (D T DKL) DK i EARITEARES2 kgD e # T
TI3.6kgf THY, ¥ TNT =L —I T RA%EFTH L XL, Ty E—F—F v 7 TED
K ERTEAR ) OB LT ~OHEE N ZRE L2135, B8 Ladudiebiewn. £k, i
e, BBICRIELET 20T 4 v 27 5A—7 (Figure 11) 220 T, AKFTU 74—
Y UNR—EXZDKFIL T Ty ANy T E—2—F% v 7 & W TK EORTEARZ
XFFLTHRY, DIENCH L TRERMEENZLEL LTS,

Figure 12  Ballet Leg position using flat scull.

Body in Back Layout position. Body extended with face, chest,
thighs and feet at the surface. Head (ears specifically), hips, and
ankles in line. One leg extended perpendicular to the surface.

27



214 EEFOKEHES

TR, YA X RAL IV T DN—T 4 U ENAF AT =7 AT L, &l
THRBNB2EN TS (KRH, 2003b; Homma et al., 2003 ; Scientific Committee of the Japan
Swimming Federation, 2001). Z DS T, V—TF 4 2% 2 ODBLENLHHITLTWS. O
EOET =R =BT D0 (BB, BB BEBAE—F, Faxy hTO
BEFEMEEES), o0 Leodms Okbkm) (BT 200 (T2 =01 =7 4 VORE
BWHROKEE, 7V — - =T 4 HFOIEOEBEOK EF%) THDH. AMIEH (2002),
Homma ez al. (2003) 13 245 DM RS EBRO B A & ED X 572272080 138 25 D)
T AT AER, 2001 AR R FUOKIKIRFHECDT 7 =)L « b—T 4 ZBWT, HEEHTORK
s bEEEE T 7 = s =T 4 FR L ORNCAHERMBEBLE (r=0.675, p<0.01) 2
ROONTZZ LaHmE LTS (Figure 13). £72, Y1, 72Ty MIBT 2ikmAK L%,
HFGEFHE BAL 12 7 HE BMALATCHIELIEE 2 A, B 12 2 EHE 13MLLT E OMICH
BRENS LN EHE LTS (Figure 14). 2D XL, RICHEAFHET 57 7 =4
Ve =T 4 AZBNWTE, [RE BDEERT7 772 —ThV, HALBARBENT &2
ODNIZINTWD. HEROK EFmE BIF2121E, SWEENEZ/BL-0ICAT—) v 7=
Y I —F =%y 7 OHEERN A EE L 72 5.
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Figure 13  The relation between peak height and
technical routine scores for all solo, duet and team
technical routines (Homma et al., 2003).
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Figure 14  Comparison of the top 12 routines and others in
peak height above the surface for Solo, Duet and Team technical
routines in synchronized swimming at the 9™ World Swimming
Championships in Fukuoka (Homma et al., 2003).
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215 AA—VrF bzl —F—F%y 7 ORELEOMEST

A=V Tz =4 =%y 7, TRXTOV 7 aF A X NREPRINE O £
i Cd 5 (Nesbitt, 1991; Preston, 1983). 7 A UM LW AT 7 ) A X RAL I T itk
FEEOM E S DA FFITiE, B < 25 Star Program & WO HERT A NV AT ANRHDH. 2
O Star Program D PDOELRE “Star 17 OFT A MiREIIBEEHO A —V 7 (7T v R A D
vy ~y RT77—RARNRII, 7 N7 7 —AKNRAN) ThbH (Synchro Canada, 2002). %
LTy =% —% v 7 [ ZIROBEED “Star 2”7 OF A FiREICE EH TV 5 (Synchro
Canada, 2002). ZDOZENBEDNEE I, AD—V Ty S —F—% v 7 [T
728D T, b o & bEAROH L LTESIT b T\ 5. [AEEIZ, 2005 FIZHART
E ooy 7 a RNy VT ARENIERT A N AT AIEBNT Y, RPOBEMEOFEIC
AH—=V o Tz T E—=F =%y IREENTEY, BERRINCZ VT LTERS
RV E LTRESNTWND.

BT ARRAL IV T OFY Uy T ALY A MIRT D BEREOIFERE SR (KR,
2003a) Wb DH. 1996 T F T FF Vw7 L 2000FY R=—F By 7 DALY R
K741, Ya=THICES L TR NS ERN BB & (I C BT Lz s =
A, [F#RE] ERIZLIZGDR S - E 62, ZOIENIT TR, TEROWKE], 152
BIkE |, 2=V 7, [FEROKEDS, B L) RENEE T S>H bz, Tsnbik
E) L [ AB—=V 7)) 22F8HE LT, HHEFIX, [EHIHWEB)E 2% TEE
FTHDIFIEFICHLVOT, FELD I BICIE LW 2fET 5 2 LR EFICEETH S
EIRRTWD. Fio, BloWE (KR, 1992) OHT, 1984 FrHrELAAF T By 7O
AZYVANME A=V T T A X2 THEESOAV—T A VHDONAT Yy RT7 X
TIZBWCHEOFEREIIRESEET D) &b TEY, RN 7T 7 DORFLNR
N—=V o7y 7 =4 =%y 7 BIFFITHEELRFPINE LTE LA TWZ ER¥b05.

FREACR (K], 1984) ([CBW T, A —V v 7 EF 28> CTEL L #E La i,
T4 X 2T OEBIIRELE T LR D] LB, A=V T OELWEFOR
BOBEEMZBFH L TWD. T AU S gL a—F o Nesbit KiL, [AH—0 7 Fv
7IZBWVWTH 2L b ERODAF AL THLI LN, 74F¥aT MYy ia rOFEIC
ADHNS, EHEREBTOAD—Y U TAXALPRAMEEINDHL D, A —Y T O#HH
ICHE 2 BT RETH D] bR, PR—FADUITRTORILOF T, BEHL b
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SLHLHELSHEHER LD THD EAESIT TS (Nesbitt, 1991). #AMcBIF v 7 v
AXRAA IV T OEEL L THo bW E Boitd “Synchronized Swimming”
(Yates and Anderson, 1958) 2B\ CH, [ 7ot A X RAL ~—LZ OBREBER A2 L
TEFERONRT 2% ha—ATEHZERTERVDT, AZ Y (BIEOT 4XaT
D L) BEMLED ETDANCADNDTELZFIXRTUIR RN L A=V T D
BH/OBEIMENBRONTWD. Fo, HBPEOY 7 aF A X RAA I ZICBEET 5k
MOEYTH L [HRAAKE ] (R, 1956) FP IR0 TH, HFEEK (BLTEOZW)
EVWILAFITTAA =Y T (RY U H—RATV) BFEI S, SEHIKE OEAREH A 22 S
NTWad., Zhiy, myr7e—F—F%y 72—V 7% H<nrbrrr7uafA XK
A2A IV TIARAROFANTTE D EALEDIT BTV,

EEHAEIC T v 7 m A R RAL L 7B TR SN OIRIERI29 4 (1954 4), Z LTI TOY
a4 X RAA I T HESIIMET 31 E (1956 F) ICBE S . TRIFEMAIKE ) 13X, 1956 4FRITHAT
ENTEEBEO It A XA RAL IV TICEET -5 L WIEEETHD. ZORDERITE, &
B LT IvrrzalA XK 2y 4 I U 7HEHAL () ) PEHIhTEY, ZnEOY 7 F A XK
AA X TERTIRICE N T,

31



216 YV R—FRINVOHEAE

PAR— b 2T 1960 FARUTT A U I TERI NI HERAHT LWEIF ToHh 5. Yates and
Anderson & (1958) ¢ “Synchronized Swimming second edition” &\ 9 fREE 21X, 7T v b
AANDT 7 =y I BFFH SN TWDED, BUEDTEOH R — F AWV OFRERRFEITA B
V. ZOKRICHEMNENTWSEE (Figure 15) 275 &, 27 L— L GBS O LB R
Frix, Bizia biczy, e CRFEZMRSETFOOLZEICAITZRETOZA I —
Vo Z7Z2MNTEY, KECREPOETSOWETLA ETFL2Z LR TERNPST.
Rackham # (1968) @ “Synchronized Swimming”, 35 JU" Jones and Lindeman % (1975) @ “The
Components of Synchronized Swimming” (24 £ 72 BEDIE OV R — h AL OFLal iF A4 Hiv7e
V). “The Components of Synchronized Swimming” TiZ, Figure 16 DEX DA B —Y > 7 % H
ML E & ZAREFT 57290 “Mid depth support sculling” & &4 fFTTWE., ZDOAH—1
7%, Bz B RORBOM (lateral line) HIZALE L, MZMFMiXL LChiliz BT 450
580 FE TAA VI HEMRENTWND. Fiz, Figure 16 DARD AT — 1V 2 73R E
ZRE L THRDTEDDH O E S4, “Bottom depth support sculling” &4 fHT L TCW5. %
SRS ECHIZTE IS B, HROREOMR (lateral line) HIZALE L, T i fiE < ik
MOEEE 8§ ODFICE T LRLENTND., ZOARTIEINLD AT —V » 7N KZ5F
THMENHDH DLV AR—NAD—U 7 (support sculling) &g LTV DH, AHFZE
TEF LB & IR O £ 72 13RI AL E L CA BT DBUED TR — b A B L L IO E
NEI 5. Figure 16 O DA —V o 70%, A4 H, —/N—~y RGN EMTN, ~T
—b (EEHEBCTRILEG S ZRoIZEETORT 180°EF:) LAY (FELBTO TR
FF ERIAER) OFEMEITRFICHVL S TS (Table 1). Figure 16 Tk LI EE T
LOHETELT, NEIEZROTZDD LD EFTLEINTWDA, BUEITEN G K B0
FOEm S CREETEDIZEOHEENDNHELND L HIZo TN D,

v aFARXRAL I OIRFEESHEHEOT T, BINCHIEDTE DY R — AN
IZOWT ORI STV A DL, Lundholm and Ruggieri % (1976) @ “Introduction to
Synchronized Swimming” T& 5. ZOARTIL, fixk FEOFT T 90°IZ#iF TA B3 25 BIfE
DY R— N AADNAPFEHENTND. )7, TAV DI aF A X RAL I T DER
D & HE DN TS Billy Mackellar 225 ~D 1 > % B o —&k (Gohf, 1983) (k5 &, 1)
PR — R A E 1960 FFEE THOHNTE LT HFELRD 722 &, 2) Billy Mackellar K ®
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(% 10 Barbara Burke 2508 FICHEEFRIC T DO L )R TE2 PV TWVWHIDERNET 4% AT
FRLIZZE, 3) PR RAI ML TEIESLN, REEIBREOND LT
&, 4) v aF A XRAL I 7 OEMOESRDOERIZITYR— KA NVDORENH -7
ZEPNRENTND.

INHDZ ENG, 7Ty FAAMENRY EHLS G, £ LTYHR— F 2B 1960 F
RIZT AV IO LHIBFENMEREINCER LD B2 NS, AR — N AT NLVOFEAERE,
MEZHBTRBFRETKEZETOEND L DIZRY, 48 TEEHS R DT Em < R
TED X9l otz. VA= RNABAORIAR, SHOV 7t A4 XNAL 7 O
DFRBIZRKESEBRLIZEWVWZ 5.
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Figure 15  Sculling in Crane position (Left) and Vertical position
(Right) (Yates and Anderson, 1958).

Figure 16  Sculling for mid depth (Left) and for bottom depth
(Right) in Vertical positions (Jones and Lindeman, 1975).
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22 FREFBITBIT D HEE BN O B AE R
221 BEIBZBIZ2A8—V 7 OENRER

A=V T BLEOT Yy J = —F% v 7 OHEMFEDE J OHEB R A Fol L7 ks
%< HbI% (Adamson et al., 1985; Babb, 1989; Davis, 1986; Forbes, 1989; Z[#], 1992; Jones and
Lindeman, 1975; 4> ¥1%7>, 1979; Lundholm and Ruggieri, 1976;7C4F, 1986,1987, 1990; Muir,
1981a, 1981b; Nesbitt, 1991; Rackham, 1968; Reeves, 1975; AL AN B A KIK#HE > > 7 v &8
£, 2002; Zielinski, 2001a, 2001b, 2001c; [X7], 1984, 1990, 1993, 2005). & DfFHEEIZHB T HIF
EF U &L D 7o i A3 5412 . Table 4 35 KO Table 5 1%, 1956-2005 4527 A U J1, HF
A, ARTRITENTZY 7 aF A X RAAL I VT OFEENS, 77 v F AW, PR—
AT WAZOWNWTOFLRZHEH L TELE DI LD THS.

t o b b RFEMHEEETH 5 Synchro Canada ™ 3847 “Star Program Manual” (2002)
Wi, A=V T o—REH, 77y AN BLOYR— FZA BT ONTRD L DI
SR ENTWD ¢ AH—V v 7O fRFANE, 1) Kl & FATICEIT, 2) S50 &N
DAV EBIZRITEATHL, 3) BEEAL—XTLo2 ) L@V E 91IEh<, 4)
FIIT7 7y MTRBA vy 7RICLARWY, 5) fRITHiIZ 5, 6) ERXEESTS. 77 v b AA
W, 1) FEEERIIKENSFRUE S TAAALT S, 2) fiis Fida=y s TEHNT, 3)
EhEEE, 4) FiEIBOT A o B2k, 5) A ADNTED T~ NMEE D LTS, T
U AV OB ZBEL T, 6) BBRFODIC Rt A= RN D,
7) AJVOFPHITEE L Z 25-30 cm, 8) FROLIFA L ADAD L F TN D, R
— h2AME, 1) ISR ETO EREZEEL, HRITEDST S, 2) AidEO S S &K
K, Fix7 7y b, FHEREIRUES, FOOLIIKEIZMAITS, 3) A7 T DX
HNVOBEE EJENFRICICT S, 4) 77U N AB)L: Fif & Fee S EERE A ) < £ Tz st~
N, ZOLEBIRIITHIZRILFOOLE T Ty MIT D, A AUV W7 ORIl
HET, MEERTHIZ, FOOLEIRL T EIZRT.

D EZEZ A THRIC LS RAENTRIRINTEY, 77 v FABATHE, EhaEE

UMD BHTAINT 25 Z & (DeNegri and McGowan, 2005; Muir, 1981a, b; Nesbitt, 1991;

1 Synchro Canada IZ 4 F# DLy 7 mF A X RAA I v 7 OB KR4 .
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Reeves, 1975), & sMTik> THElZR CARKEE ETY U b & A ATHEICENT Z L, FOO
LIMHE 2O TAAINT LI EREBEL TENINLTND. £ LT, I8 OFafii<
ENBEEOFREE T I TV D (DeNegri and McGowan, 2005; A<, 1992; Lundholm and
Ruggieri, 1976; 74, 1990; Yates and Anderson, 1958; [[HE N B AKIGHE > > 7 n BEH S,
1990, 2002; Zielinski, 2001c, 2005; X %], 1990, 1993). F£7=, ¥HR— AL iZoONTIE, %
EAZHhF TA < Z & (Lundholm and Ruggieri, 1979 ;4> 1-1%7>, 1979 ; [ 7], 1984, 1990, 1993),

HIROERED B RTTIZH 60°F TORPHZ A V9% Z & (Zielinski, 2001b), FiIh 8 DT %
i< Z & (DeNegri and McGowan, 2005; A[#, 1992; Lundholm and Ruggieri, 1976; Zielinski,

2001c, 2005 ; X7, 1993) AIFEETHRRASN TV,
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Table 4  Description of the flat scull techniques in synchronized swimming
coaching manuals
RATE TRME - HiREA £ - EEa SRR BEONE & B &
Wi PO 28 i 2 TR T, KE T EMoHmIc
Leipo THIT L 9I2T 5. BUEMEDIELIZHD LD
. 12, MOHY TFEOOLE FEMOFIZTT, FEi
ME |EEMELOKA (> CROU L TAEHT LI ICT 5. FEDELZHE
BLT)  |CHETERD s UCREE A AICR ) B L OKE iy L 5 1oy
3, %ﬁ@m&kdﬁ 2. WFE OEIELEW 22  FIRFHS, R X SICLTK
%(?B%;?Jljﬁ%b gﬁﬁ;t, :nblio’é%%ﬁ;ﬁj\i‘:k&, W > EE
I LIS FC, BOE S ICHEITT A AL BB S.
1956 |Fafign 7 vk = LR Xhei g [0 OB T AN LIRS
Y XS N -
BDIE T | 5 1z L [EERVIIFSRET 5121E, WIFOOL TREMTH
E20 [[3hnie, B [TARER, EEEEEENLTBLETOL I, &
PR (%52 R5 L5 [APBESETET LENELEND TR
T5.
NERIELO RSB L 2O BITIE, A& BERLPICHE
PRSIk 2 TS OIX Lo EE, T2 THOIE D ITEDTK
" ELTE T ThHA.
KENZ EMEICET, FEEMRsE, FEEOL A
B
?E%ﬁfﬁ%%‘ﬁ“iib:ﬁbm L, FOOLEIMIMmT
o |/NMEE BT S,
Kiic Fi (g |- . S
1958 |Synchronized Swimming|Yates, F. and Ay zC %’ﬁiéﬁiﬁ’é ;Z;_.O\%%W@””&L’ MNEETHT, AT~
second edition Anderson, T.W. gi:i??“@& ST RO RS — U o I CFIRSOFERS . FEIE LA
MPCRD. FRIZY T v 7 ASHES.
RORWETY Ty 7 AL TWIUE, AH—U 73 kD
R THD. FBREENTZS5E, <ooW\Wel&E L
REFRSHRE .
: P oy FIEFEE 3RS LTI AT ICE . @&t
1968 |Synchronized Swimming|Rackham, G AI—=V 7 FDT A R TND. $EIMELCH LS.
s | * 18 L IRIRO 78 A5 T AL T
1975 The Components of Jones,F.L.and | AZ L & — R %E%%ﬁigg&ﬁ CHIBEEARIE L2y SN F | L, mila s hiF 7228 s
Synchronized Swimming|Lindeman, J.I. 2 GG R /vij{ﬁ S5 Az E g
U - AR D & & P SRR
RO <. FEHRD T ~B 73 [#90°(Z #hi i f,
. FENOHETEIEOMIT 2T, FLFEEFOO
1976 Introduction to Lundholm, J.and | 25— 55 LEokpgss  |PATEDETT Ty bEROLICLTBOTE—
Synchronized Swimming|Ruggieri, M.J. Y—AA v = avEM. Av—Loy Sy r sk biFAE0L
ICH o L PRI DGEEE, AANVDAE—RE
FOUDLDAEEIRT.
o . FHEELICLEEERE LIS LTE v 7OR, KT
vy sag X padg [REETER , QEFEBE, WA ANIESD. £OMTHN S i
1979 | 3 > 7 HILEREDF |am s L o Wik | REEKTES | ETEROF—ADOLS CBNT. DB~ P
1l Y6 25 B~ DL, LavhEgrBECRIck 23 & 2
B I L& o<,
AHMTFE T, BEBAICHIE, iz ki EE &
5. mifE, E2S10-124 > F, K F6-84 v F
TinE, BURIEOTOICED FICET S, BUEIXA 2
HNVTHRS ERY, 77 RNABNVTAS LIEBFED B2
Sculling and Skills for B SESE L | LS ACEES |5 o
1981 |body positions Muir. D D BB [TACOFRME ([RNT 7=y 7 23, 1) A=Y 7 O—E L%
SYNyCHRO ' T ORI =Y |\SNIRTNFTRD (OF VR EJEN, 2) FERBTOAN—Y v 7 OED
YT EARFNN BIEIR L VRS, 3) B CTOMERIEN DR
—fAC, K BElc X ERERAMD L E, A=Y T
DIEDNS L2, TURNEEY, EHNRRL, R
SNOESIIHIERAN—) 7 OERS (L)) %
EiNE R Rt N
i & AR
S B IS B Iy, PO AR LY
MEEA B A (et [Sen s oL F I s
N N BB L 70 o HWREEAZ R‘\ N > ,EJ’\7K§WLLCH73—\&%T, INE DAIA345
1984 |57 BT A RN s A R 2y | APV W meadh [ DVBRD, BUEOH R SR Z T LT BT
A7 SLUERS AhiE . B SMUNCHT LI L7 FANBIC S U9 & X1, /MEO
JUUEBR, 39 WEE % Al = e
B R R L B Aoz KV &L ELBIROMIRAS FEE 7 7 v MO |
i - 5 ~3|x, UHIE - {ZM:ZL"CEE@‘. b ET L EITKRENMNCOEZAE RN
B % o A 2 K FHCEET .
IZ21F%.
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1986

Tips on ballet legs.
SYNCHRO

Davis, C.

NL—L v
A A

NL—L vy
7 VEE

BRI (hip bones)DELA > F T TIEH (hip bones)
Alfitind £ TR A 5

AN, AV AINDEETEO FEE5H LD IR
;L HIREBE T4 VRSP, FELVEL
T, HAESMIEIL, HifA NI E.

c. AMIVENVEIRIN D BREE TG 2T, JEERD
T, NEBDDHELICT 5.

d FOOLIIKEICKH LT Ty Mo/ EET, £
HhE D OF Y OFREE - SAES. A1 ATLD e
THROEENIZIANT, TU R ABLDE Z/NMETIMNS

BloiEd. INhBAL 7T 5.

e. fifi, FOOL, fEOT I TFOKRDOEEZFIHS
5.

a.
#%
b.

1987

Synchro Technique.
SYNCHRO JAPAN

Juhf =Fn-f

AL H— R
ATV

BROEY e
Nl—Ly R

FrvIRA VB

COEO RS THLNE I HAMEOTETNS
HONREZ.
CFRRELTETCWRNRE I BAREDTEDDL
Y E AN
CFEHOROBRERTHLINE I ). FEOA TS v T %
XTI, R - WO UIEARETH .
CBRHBA RNy F T EINTNDNE I D FRIE D
5 RIS/ TOMmU.

T DARNDEE PTG AL KR TH D0 E
I ANNDIRE - REEEETe.

1990

vrvralA X RAAL
U THILEREOTF
5l (ELEThR)

[XIE] R,
BAEAYE N B AK
SN RN/t
E3SES

ik

R & KRS

FHEENERICR D, FLPEITMEVEROT
(o) OENEETD.

FRFELD FAVTERVNEIICT 5. X0zl
FCOOMTHED . FOMEIINEOHE TAE L Y 20em< &
WRTE Y. Rl L liJE &5 S & oA EITRB L2
450, A NVOHP (4 302 U TR B < i)
TEANZED B 5 H330-45°K S,

1990

PV A=UNLR
KIkDIEE

JLhE =Fnr-

AH—=V T

i & KRS

JHEINAEEE L, MEXAICLT, Fifis B TKkEON
To. FAEINTIREY, ESEBLRWEIICTH. FIELY
@;mg,ﬁﬁio¢¢aﬁwééﬁmif®ﬁﬁ%ﬁ
7

IMAI~ S & EIE, FOOS ZIMAI~45° T TR A F+
~H LT, R~ < L X, FOOLEIFADDL
NI~ CTOE RS, P8O T A< X 0 1Ic@hn
T PFEITBRICCD LB A, BBELLEICA Ty
TERENERNE DT .

1992

KKIZBTHFE -
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coaching manuals
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Description of the support scull techniques in synchronized swimming
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X L A=k | RABME, EBEENTRRCRTTETAALT L. FEZDT )
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Table 6 % 1956-2005 £4£(27 AV A, B %, ARTHEITSIN Y7 aF A X RAAL IV
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JF, E0nETELETES ~MEICENT KD ICHANEIRSE 5, 2) BiETRick LT 90°
IZ30C, ROBEBUCEBEMIT T, S<BETONMEKIEICHITS, 3) FRECH 5 —HD
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Table 6  Description of the eggbeater kick techniques in synchronized swimming
coaching manuals
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774 4 i, o NI N z , DI NP
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Synchronized Swimming Ruggieri, M.J. j:'ﬁ‘%fi;ﬁz) 7 I FC FEE YT & HUNEWVIZE)NT .
HET
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T LIS 5.
- A TXHEIME, BETFRTTXBETA
BSOS, P ai | X ARM A< KO I HTOT LA Ry 2 %
ELOKmEICEA LTS, (155, MRk L RBEDOE R E, ME%S
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. WKEXT 4=V T EEERNERIT S LD
oy 77— =%y 7 2BEL LS LT D00
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Francis and Smith (1982) %, > 7 A XRKAAL IV TR F v o 4D 7 L—r
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SEHL, DROBNWAINEZ L TCWEZ EaRLE.
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<, EAKFEICHTDAENNSL, DRESGHEZR L TWDL T EEH LML
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232 Tyl —F—% v 7EMEDHIT

KERBRFLKGE Lcmy 78 —4 —F% » JEWEDMEITN OB b dD, v rnm
FARXRAAL IV TEFERMRIILIZODIIEADIEETHD. Yo r/aF A XARAAL I
T, Ty =4 —% v 7 [ THAR Y ORBSEELIZITT D TOICHNWD DO TH D
D, VIR EICE R E ST, W RERMEENERET D0, ELVIIER
WERTEIT O eV ) BRI Y7 0 A X RAL IV b R—Th b, £2T, =
ITEHY 7 uF A XA RAL IV TEFEANRE LIZENEFITDRN LB EL, K
REFARNBIION LB EiIFbsZ iz L.

Ty ==Xy VT LT TH > & b EHWVDIE Clarys (1975) (2L A48T
HA 9. Clarys (1975) 1%, KERGET L FKERTO 2 4 OREBRIE N ERIEGEZEEL, —
= =%y T VA RNZA =Xy I OHEREL, ZOMEEHRFI L. £
DFER, Ty ==X 7 T VARR I a—2F v 7 OWFIZBWT, FEEEHT
REL B DM )3% — 38l 72, Francis and Smith (1982) (IR F v o &4 DH R —
FNAANVDDBELEE ST RRDZLaWMELTRY, EAEDPREVEN S FIZBWN
T Clarys (1975) Oy 7= —F% v/, TLA NSy 7 OONFREREEBIL Tz,

AFIED (1984) [T & REEIEN B —%, BEEHICNEEL v h—%3E5 L=
v =S =% v 7 OTROBMEZ S LTz, ZOREE, S ORI kR 0
Biasr L, 1E—EOHEME) 23 Lt 2013t L, REEE IXER MR OFEEEE) 2351
FIRY, WHENOEBNRE S RD el Lic., £z, REQHEENZLELTLH L
L, PG OREREOHEY TALEENRBND Z LWL LT

Sanders (1999a, 1999b, 2005) %, KEKEFOT v & —& —F% v ZEIEZIRTHITL, @&
SOMEFHCBR O H D EREZRFT LR, ROAE— PR BEFRTZ L2 /I L.
ZLTRDODAY— & BT 5720121%, KRG ZMELIREETR v 7 T2 0ERHY, £
DLEEE L DT, TROBHBLOFKED b —=0 FPREETHH L LT 5.

OIS IXATZIC R 2L, REAEIZ ETICRZENL TVl b, AT—
YIEMEEATO L OIS, RIBHETIIRSKEIF v 7 THIEREETHDH L LTND.
LT, EyTFAE (REOME) 2 TEXLRT/NELT5H52LT, EH~OHEET %%
B<GoNdZ &R, ROEHOHMPEETHDL ERB L. EHIT, BbAERH
SNDNERFFT HT-OITIE, BOEE CTE 72T HERN T, BOIYA 7 HIZRE WVH
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JEEAEH 2, 1A 72k Zi@m L TR B R H SH L LTS, Alexander and Taylor

(2005) 1%, =y 7 b —%—%y ZEMEROEDPMEVENELZH#< L5128 2 &, K
fi & 800k Hh S, 904K L, MZ15°F THRAMRIZEM & THEMICEI M7 E 2500
Xy LpdbH e, £, ¥y /7 ORBOLZICEEEZERSYE, RORKEE vy T AHEL
HIEEDTOICAMIN G RT EZICERISEL 2Ry, =y /e —4—%y JEHEDRA
Y hraeimbTnsg.

vrruF A XARAL IV TRFEFBII LTy V=2 —% v 7 BEO BT AR
7 (1999) IZX o THEINTWD. KENZNIE, BEOHE < BUBMNIKEIZ AT TikZe < K
R LT 35-57°DF M LA TWD Z AWM L. £ LT, ARBE LREET
X, ¥y 7 D0AC—FREEYREOHEMARES DT L, SHIZREOH S FHEO
FFENRRE R OMESTIA~DF » 712705 2 &P LIRS OHEE I OBIE T 2 & 2R
WLz, Ty = —F oy 7 IZBVTAMMET &%y 7 OAE— RO LS E Ofi<
ERENKE 2225 LW IR, Hall (1996) OHAR— KA I LOBEGHIFESR, T7bbK
ERTEARAEZ D L AN NVOPBIRKRELS 2D, AIALDAE— FRHET LW RERE &
STeKFAICThole. £, AMPHRADL L, REOH FROAENKE IR, fhm
~DF v 7R PR OHEE S DEIE N 25 L0 ) FERIE, BT O HFIED (1984)
DOMFFERER & —F LTz, S HICARMIZD (1999) 13 Bk & ik 2 bl U 7o fs 8, Bk
TR EHOMNENESRFIN TS Z L, VAT —RHZEHEEE, NRIEHERREL
BhaERELEIIELTWDLZ 2P LML,

ORIy =S —% v 7 OENEL 5HT LI2W T LD (Alexander and Taylor C,
2005; AREA, 1999; #AFH:1EA>, 1984; Sanders, 1999a, 1999b, 2005) (ZHWV T, BHE O v
TE—Z =%y IR BRGNEREIEL L) RMOEBZEZ L TWDHZ ERRESNT
W5,
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233 Ty TE—F—%v 7 OHEIDHHT

KERBFL RGBTy JE—F—F v 7 OWEE Z 08 LTFRBZI N L Onmhbivd. R
1E0> (1988) 1E, EBIKEHIZHEIND LH~ONERET HEBELZREL, 5 BHOA
TrEEREY (v —F—F%v 7)) LAV TEE) (77 NAINL) ITLHB%
KREKERFOHEME 2 E Lz, WEBim 7RI D 0%, B+ (n=13) 202kg, &
T (n=10) 125kg, OB TIEE 83 kg, # 1 5.1kg, MDOARTILE ¥
94kg, LT T2kg Tholz. BONTMRLY, BHITBW IO ZOHEE ) DRIE
Ty /b= =%y 7 OHENEZFHMETEL 2 L, KT EBiOm T 2 MES 5 M%EN
b5 EREMOT TS, NI (1994) 1%, FFKEKETF 24 4 & 7 /KEKIERT 12 4O &
M oOMEREE T — (10 RO 7 T 0% &8,/ ~4) v VEd) BLllmy /e —x
—X v IREDT Ty MRV LT L HHEES) (HEEIEEERH) ZRE L, MERE S
U — LW ORICHERBRR S5 2 L AP b L, #EEICIN X TR SY —OfE
ERFIT AL o Ty S =4 —F o NJOFHENFRETH DL EHE LT\ DH. 2D
MR, BOMEEFZ NTY — & WO MmEEFE U — L O], WEEFE/ U — L HEHET) & oficZ
NENAERMEBEBRIRO b, BRELET 5L, L FRFOM LB MERERE T —
135 FIRFD 68.4%, 47.45% T, BIOMEEF T — 3B 170 12 125727, ZHUIfMHEOEN
ICEBEELELTWAD. ARk y 78— —F v 7 OHENIZHOWTY, Br&EENRLT
BELVAEICEL, KTDO7T7y NABVZEDHEENTB 7O 53.9%, LDy /e
— X =%y ZICKHHEHETNLTE T D 643% Th o7 FUEH (1988) EHINEA (1994) OFF
BTND, D77y NAANVIARE LI L ThENWZ &, BLO Loy /e —F—
Xy VREOHOHEENOBEMREN S LV RENWZ EDRFHATHDL Z EnbhoTc. S HIT
Yanagi et al. (1995) 1%, &K /KEETF (n=15"THAE 602 kg %R, 5PHOEH=
v 7 =4 =%y JEH;IC L DHHOLOEE T HA~DT), B0 BHOR/~<FY 7
L OMOERE AN —ZME L. ZORRE, =y 7 e—2—F%y 7 FOHET MO
13 60-120 N, #EfEHE /T —[3463-707W T, Ty 7B —F—F v 7 OFESTM~D )& ~H
U 7EENC K A MERERE T — L OMICHERMEBEIIGE R o TcEE LTS, AE
RBRRRD N o B E LT, my e —F—% v 7 O SIDSARTRERZ D B
52k, BEOTHOFHMEORELRENRRENNDL TIERWVWNEHRZL TS, K
(2000a) 1%, WifE 2% EUBO T E THEE BT L & 0K EATEAMMIT AR 52 kg O
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Lfvr a4 XRAL IV TIRFETI13.6kef ThomZ EA2WIELTRY, BfriF5E (K
127, 1988; Yanagi et al., 1995) b5 bN T2 L FKEKRFOT v Ve — 2 —% v 7 ODHOHD
SNEL T A~D A, T2 kef, BLV60-120N Tho7= & W ) fEH & i ad 5 &, &
FREREFIIHEPMEZELEL TITO 7T — A — 2 Ry T E— X —F v 7 TXFFLEN
RNZ & D. L LD, EBIZY 7 rt A X RAL IV 7 BPIEEEFICT — 4
VI T RAETo TN DD TH LMD, KFKKEFIV 7 F A X FAAL I
TEFEOHTNTy 7 E—F—Fy 7 CRERWENZRFETE L0 TRV EHERISNDS.
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234 TS —F—% o 7 AF N LHOGHABLOHREL OBEE

Ty S =4 =%y 7 ZAX VRO T3 K OKERES & I o fh kR & & o X9 7B
NS D BT AER, TR OB & XN A O h o 728, TR OSHMER /)
& DOFITIFAHBEREGRARD b Z e EmE SN TS (R & AR, 2001).

ZOMETIE, v aF A XRAL I T AARERT ARG, K% 100%, B
Ha 0%& L725Ea ORBEER 70%, 50%, 30%50 & KM O iR 4 MRI CTHllE L T
W2 (Table 7). FEiz, ATV A Xy 7 R HNT, AHE 60 - 180 (°/s) TOREBIHH il
BIOMME, KEESMES X OWE, RBEIHEiSMES JONERIZ IS T 25l iR KB/ (peak
torque) ZROTND. Z LT, TNENOEEMRKRH Ty FE—F—F v 7 AF )L L
OIBEBMRE RAT L2, ZOfEE, o /i A XA RAAL IV VAARERFEOT v/ —
H—F v 7 Zx )L L RIS X ORISR O Al fg & oML, WTFhoiIcisnTh
FBERRITED bT, =y 7/ E—2—F% v 7 AXVEFHBEICER L T2 & &R
LTWb., —F, =y e—2—%y 7 A%V ERKEHT Y OFERMRE KRG T & OB
T T fER (Table 8), i LB H D Z Lovraniz. Vb, AERMEEZRLIZD
(3P T O PAETSMR T 3 L OVRBIE Rt ) Ch - L b, my s E—H—Fy
7 DFEAGIZIE, THEETONDR Y U7X, FETRE, PEGE, N Z BRI b L
—=U T THIERAENTHDLERBELTND. I, KPTOR 5T L OHIidcE
ZRD-OIZIF Ty F =2 —F% v ZEEICEED & 5 EBERALO FRMES @2 LN E
5. thwz, KBNS REENE, RRESEE - EROFEMELZ L&D 52 &0
BE LW & TRANTND.

L LR G, ZOBRTIE, A Xy 7 2% A7 EEEOEE O HRE DR R TH
D, KkOTrIaF A XARAL I T TOHNRIELITRR D720, HAORELERD
Wz y Fe—=2—% v 7 ONY =% E@{bT 5 T IEZRBTO2LERH 5.
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Table 7 Muscle cross-sectional area of thigh and psoas major in Japanese elite
synchronized swimmers (A<[#] & A%, 2001)

Thigh Psoas Major
70% part 50% part 30% part
(upper thigh) (mid-thigh) (lower thigh)
CSA of thigh (cni) 222.4 +10.7 173.5+16.5 130.7 £ 13.4
Whole muscle CSA (cni) 116.3+4.2 108.8+7.7 73.3+7.9 205+1.7
CSA of thigh / Whole muscle CSA 52.4+21 629+27 56.2 £ 3.6
CSA of extensors (cni) 49.3+27 53.2+41 39.7+53
CSA of flexors (cni) 65.3+5.3 52.8+5.3 312+ 3.6
Extensors / flexors (cni) 75.8+7.5 101.3+10.5 127.5+15.6
Area of fat (cn) 100.9£8.9 60.1 £ 10.2 51.3+£83
% fat (%) 453+22 345+28 39.2+40

CSA: muscle cross-sectional area
The values are indicated as meanzstandard diviations.

Table 8  Isokinetic peak torque of leg strength by using Cybex, and correlations
between peak torque (Nm/BW) and eggbeater kick skill level for Japanese elite
synchronized swimmers (A<[i] & A%F, 2001)

peak torque (n = 6)

Angular Velocity Nm Nm/BW r
/s mean = SD mean * SD
Knee flexion 60 77372 14+0.2 0.254
180 69.7+7.6 1.3+0.2 0.832 *
Knee extension 60 138.7 £ 18.0 25+0.4 0.759
180 90.3+5.0 1.6+0.1 0.642
Hip external rotation 60 20.7+1.2 0.4+0.0 0.444
180 17.3+3.4 0.3+0.1 0.322
Hip internal rotation 60 20.0+1.9 0.4+0.1 0.251
180 16.2+1.5 0.3+£0.0 0.604
Hip abduction 60 88.8 +10.1 1.6+0.1 0.676
180 51.7+6.2 0.9+0.1 0.955 ***
Hip adduction 60 119.5 + 19.1 22+04 0.121
180 578174 1.0+£01 0.679

SD: standard diviations.
*p<0.05 ***p<0.001
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235 A=V Tyl —F—Fy 7 ICRBITDHENRED A =X A
AHp—= 7y r =4 —% v 7 OHEENFREDOFEITIRE I FEICH L TRl
TV % (Alexander and Taylor, 2005; Francis and Smith, 1982; Hall, 1985; Hall, 1996; {Jti#, 2005;
# 1, 2006; Rackham, 1968; Reeves, 1975; Zielinski, 1997, 2005). J7/2bb, 2Ah—U v 7D FL
Ty E—H—Fy I DOREENENELICE L, RITHERMBEE 2R 78 TOKEITKRE M
TIEILE-T, HOLEE TEHOENELERSYE, EH~0HtET), >F0EHHz2RE
SETWDEMETWD., A=V rexy 7 =2 —F%y 7%, HiHhL8I0mTOH
ENEREIETEY, EH~OHENTHN LY bHNOEBBRENE SN TND. 5
TEFRIZHOWTIE, ETNZ@Ed 5 KKORE DB L > TENZENEL, EHOEmWT
MBI A~HIPEEND LN~ XA DEBEZ S LT LTS5 (Alexander and
Taylor, 2005; Zielinski, 1997, 2005) 23 T 5. Hall (1985) 1%, A I —V 7 DA%
AREICRHLEA L, 2RI 722 8 & L REMZ FEHLT 5 L9 /B OREER O 72912, 1) #ik,
HAMRF L ROBEME LR T D2 L, 2) HAREOTMIZ, KOTTHEMNAH N LI
W L TCHRETHD Z ENBKEZAINT DL ZENEETHD, &EERREE 52 T
L. i (2005) BEOto (2006) 1%, AH—VU 2 ZTREOFOO LRI OV THAEIE O
B2 AE > THH 2RO, KR 2 BT i 2 F OO B IRITH 2 B U e F ik
(BEHLR) ol chdr 2R LE. UL, BELEY—OENEZRDLDOTHI
X, FOOLNT Ty N THEMORWVENEHE THLE LTS, S5, i (2005) X
v aFARXRAL IV T DAT— ) U TIIALEEZ TR ELA BB TH D =
EMD, NV ATEORNY CREEFR—THY, Ah—U 27X R D FAZERR
By ryya b WIFRBETHEDICENELTNDEENIEZEZERL TN,
LU s, ZHETOMEITRNPEFIREBTH L Z L ahite s LIRS L
T, A=V IREy S =4 =%y VRO FEEZ I L TN D, I EFIREEIC
ET LI, i L bERFME, Bk GEOMIE) D6fFLL RiEERE L 22 Tz
572y (Ellington, 1995) 723, AH—U IRz y 7B —¥ —% v 7 OEEITIE, FLOROE
B RO Z 2 EEL L TERY, EFIRBIGELTWD LTSV E. ERRIC, &
FARRBA AT & Lo T OHEE S oAb 1T, FEBR L 0 K917%8/ Nl L T % & Berger et al.
(1999) IX#EH# L CH Y, Lauder and Dabnichki (2005) & [FEED ALfigz R L T\ 5.
RIETIE, BHROMFIHT (Wang, 2000) 7 O&LNZIEEFES HEGwREZISH LT, T
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WRETHHHE N ZERL LD T 5R-BMTHON TS (Matsuuchi e al, 2004 ; $itH,
2006 ; Kamata et al., 2006) . Kamata et al. (2006) % PIV (Particle image velocimetry) £% H\»
TAA—=Y 7RO NGE AL L, KED R ZTER Lt DY = v Mid A S
FCWZEEWONE LI, ZLT, AB—V U701, Y=y MRlZE-oTHEN 2 4E
AL TWD LTI TWD. ORISR ONY a7 Z0L T 7+ vy 2 & in
BHENZRTHD LW g (2005) OREEFE—TH 5. FKFIZ, #kME (2006) X, T
KPR TR ZIEE O TIChiE LA — ) VRO FOMZ A% 08 L, Fe/MER 40—
45°, Fe RAER 60-65° TUKE DA ZA A Z ZLSERBOAI N LTINS Z Lz bne
L7z, 2L T, MNOKENEZ DDITH 40-60°Th D EEZx b, WX ANKKERDLB
B G OB ST TIRAZICHZ AZERIE, FHNOIANHBEL, WMERRIET
WHZ EEEX D, A=V U TICBWTE, FEELOEFEHNTOTIERL, Ka
W2 AEESEDZLICL > TRMETERSELZENEETHL LB TWVD. 6T,
AT =V U TRHCIEINZORIA D= AL TRON X 9 72 TREEREN) RS 2HR L
Zenn, A=V U TR OBEBRENREN L AR LTV,

LU G, RIZEvy7a A XA RAAL IV TIZBITDAD—Y U IRy T E—H—
X 7 OHEETIFEED A ) = X DI SN TE LT, S%OMENFNL LS
Thod.
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236 7T PAINEEOKEIZTE SR

75y NABNVDAII—Y » TRHZTE ZKEOM (Figure 17) (Z2WTOFLRAN D
DOILHRIZAH B35 . Jones and Lindeman (1975) 1%, FEZDOTMNICNEE, IMEISHETAD
NT B Z LI L o THIBEO T HMANZ & = (whirlpools) 238l & LTWb. 2L T, Ik
BXL, TOBEREMIICKENZTEETCNDLOTIERL, FRSICAKEZRILTNS &
WO ZEEA—FITRL TS| EIRRTWN D, Reeves (1975) 1F, [H L, AH—V 7
i E LT HIE, £xDOF0 LI (Vortex) W TE 5. FOTOENNEMNT 5L F0 L
DEFMRPD Uil & (Whirlpool) W4T 5. EZFIELWADI—V T T 7 =w 7D
EENDZDOTHD] LB~TWD. /o, KM (1992) 1%, AV —V 7D, FTKE+
TSR, Mo THnDHEE, REECTELMEZLFEILEI D RbDEKEIZAD Z &
MTED. BRHELHIGEFO L) ICHEFITRVAZRETE L0, EEohLIcY
VIRVEAZBWCGA, ErRCEZKPICGEIALZ L6 H D] LRTWD. Zielinski
(2001¢) 1%, @& = (Whirlpool) IZF-D 7] (tension) DEWMEIETH Y, FOUOLEH LI
FEHEOEFIZTELL LTS, DE VN OREFME —DICEFRIETEY, %L
WHEE N ZRETE CVDE Z LI B > TN D,

Figure 17  Whirlpool from flat scull movement
(Movies from NHK Education TV, October 9, 2004).
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FIE HEORE

3.1 MEDRTE

FATRICE T, Yo7 uF A ARAAL I 72BN TEY BT 5 —< 2 AT
FTAHZDIZFAT =Y IRy T = —F% v 7 Lo e HEERT O A vim ERNEET
HoHZ L&, BN, HEHERANICE U CiEI PR D OT 7 = v 7 OfFH0, #RER)
D ELIR ST MR T < RSN TER Y, AR ZREMR SIS OV Tl fLAED
IRSNTWDLZ ERHLNE ST L L, 46 OFLRIFFEBRAINIEIC L > THREES 1L
TELP, £, TILEVIRE OB L~ TORE FAFRRBIZE PEH->TN5.

AH—=V o7y 7= =%y 7%, FAFENRBEZEI I mF A A RAA I
IR OEETH Y, Kl FTITPND 3 RTHRENETH D Z &, R I
HIRIZIEADDOT N LR, ZLT, TOIFEAEN 2 R THD. Thwz, 3 K
TCHIRENECH DA =Y v 7oy 77— —F% v VEWEORAN+ 2327 ST b &
EA-F/IAY

—MT AT AR RAAL IV TBFEXGE LICFRERNIZE A EHRLNT, ERREDE
BRZED X D RENMEZIT o TOD OB LTS ILTWVR, E o — i T2 kI fE A
M ZAT > To PR A B LR, Eivdp z, ERENIBICAT—Y v 7oy T —4
—F% v 7 DAF VAN LS D720 OHE O FEEAIREA R STV,
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3.2 WFZEORE

AT, BRI b ZHINAAT—V U7 288 (77 v MA L, AR— b
AHN) by TE—=F =%y ZITERL, —iv s ut A X RAL I ZBRFOEER
PZ 3 WIEHEBIIICE > THLMCT S, LT, REORENS L0 bR HEEE
firOfFEBLR 25X 7.

;%l

AWFIETIE, LT O 3 SONEREZRE L, FRE{T-o7-.

(i1l 75y A NVOEMERSMH L IRES N

1-1 —R{ v I/ F A A RRAALIVIBFOTS Y N A NVEME [EB 1]
—W s uF A X RAAL IV ITRFEOT Ty N AIAOEEREEZFASNCL, Lk
PEETFOREN LI B S 25X .

122 WHEHAFOEWCLS7 7y A VEMEDLE [EEk 2]
vrrut A XRAL IV T OFEETHO LN KERERES 3 FEICRITL7 7
> b AT NVEMWED I 21TV, K ERTEAMOEVIC L >TTZ 7y P A AVEIERE
DI BT D20 EHRFT 5.

[ 2] HR— N 2RI AOEMERMN & HEEE S

21 —WI VI FA R FRRALIVIBFOYR— PRI NEE [EEB 3]
—r A X RAAL IV TEFOYHR— A LVOEEREZHONZL,
PEETFOREN LI B S 25X .

22 BERBEBEIOBVEFOYVFR— M X D/VEME [EER 4]

FEHEBLEFRE D =T B — N A B LA L O EOET VR TOEES il
L, ¥ R—=FABNVAXNLOENVERTOMEOREN O IR 2882 EE KT,
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2-3

EERBAREEND EH B X O R & o BEE
—R b A XRAAL I TEFORBELEBUREFEES L, BOMS, A E D
R A FEtd 5.

[FFRFEE3] =y r7v—F—F v 7 OBMERELBEER

3-1

Ty SE—F—Fy 7 AF/LDEVBFEOEE [EE 5]

—HT I A XA I TRFERRIT, BREHIRNT F—< C ARENNTH L
THMWIZTy 7 E—H —F v 7 AFLOENERT LERNERTFOTy JE— X —%
VEMEEZEBIL, =y S E—F—% v 7 ZAX L OEVIERTFOEEDRE) S HIF 7
gl A .

Ty S E—H—%y 7 AF )N EHABLOFTEME L OFEE

—r T A ARAAL IV TEFOT Yy JE—F—F vy 7 2% L, ] - AKERED
577, MBEE - REROFANE & ORI 2 ET 5.
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3.3 WFEEORBRR
331 XHHREFEIZOWVWT

AFRIFHARA Sy T LDy ad A A RAL I TEFOBEREZH ST L &
YL Lizl®, BRONTERMBERTITo=. BARETF —2I1L 8 AN IEERTTHREZIMZ T
10-12 &4 CTHER S D .

332 AF/NLOEEMICHONT

vrruF A XRAAL I T BEITFEH B ORI L o TUAM ZRET DB AR—Y T
b5, FHRIIED GNTRAEEZHNTEE R E RN ORAEZ{To TS, £ L
T, AW—=V Ty T E—F =% 7%, VoI aFARXRAAL I T DT p—~
A% EATT D T2 OITK P CTRIE SN DHEERAN CH D720, HEERITO ZAF V20 DHFF
MENDDOTIERL, TOAFNERAN AT p—~ U ARFHEND. £ 2T, AT
EAD—V Ty Z =2 =%y JEIfER b o & b EEICR B STV D IERENEA
WIFERIG & L, £ 28 B ORI 2 & - THEER T OB 215 L7,

333 MFBRFORHAMEITHOWNWT

AL, MR Ny LI HDARL T aF A X RAAL IV T BRF 26 RIH)
VES AT S T2 R EZE L DD THD. LIEn-TC, RKiffsechHLN-MA%E, K
RO IR E DRI HMEORFISHT D Z SR ARD 5.

334 HEBSOWAMEICHOWNWT

AWFFEE, —BRFOHERFNEED b —= Z 12X > TR SNT-E8ETH D &
WIOGEILIE D, ZOEEREEZET V& LEIFEEBRZH LN L. LER-T, £
DOEAFREBLAINOLENOGEMATEL DL HIUE, HOBREDORBREFEAZTHREL L
DAXNVEATLHRFICLOEHATE2VWEDOLH D, 122 L, AB—V Ty be—
BTy 73y saF A XRAL IV T OEAOBETH DO, BFEOFH LUK
BRFESN R2- THZOREFHIIR —CTh D, bbAA, HEORITIE, BEFO LU
JG U SR, RAGEEZHY, BREWREONTELZ TRT LI LPLETHD.
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BAE TT v hAIIL
41 WFZERRRE 1-1 @ B

BA4E TT5y NRAINVOENVWERME L RES S

41 —WIVIBFTAXARRAALIVIBFEDT T v N AT NVENME
[AFZe3 R 1-1 : B 1]

411 BH

KEFZENE, v/ a A XA RAAL I T DT Ty N ADNVOBEREEZASNITEZ L,
BLOREGRTFORE»OHMM RSS2 ST 2 N E L.

412 FHiE

(1) #BRE

PEREIZ 10 DLy raF A ARAAL IV TB|FETHoT2. 104095 4 £41% 2004
HETTRAY Uy ZERAX Y A~ (U ¥y 7B« Excellent Group), 7Y @ 6 ZIXHA
REBF—L2BLUOHAREY 2 =7 F—LICRT L8 L2 EF (B REHE : Good Group)
Tholo. BAREK B F—2Aaik, BARE A F—2 (ENEAZ 10 4) OWITHES Lro
F—2 (N 1120 £ TD 10 4) T, AERNREKR A F—2%2 BT RO EF TR S
NTWD. AV oy 7 FE4 2 OFEIE & SRR, B 145+ 1.5 48, Fifin 22.8 + 1.5
ik, HE1.64£002m, {AHE 554+19kg, BIVERE6 AL, BEEFE93+ 1.1 4, Fin17.2
£155%, HE158+£003m, KHE 49.7+23kg ThH-oTz.

(2) A&

RBUEFRIE L7z EMEKEEBTOT T v b A VA 2 B OSMT AR 72 LodREE (U
TAMRLEWD) BV 15kg DB LV ZIICHOTRE (LLF 1.5kg A& VYD) TH
10 BRATHOEZ. 1.5 kg DB VITEF FL—=0 7 TTHI A B —VU 7 RUARZHNS
HXEL, BbVOMTFHEZ ML —=V7KRERCICLEZ. BHICTF2a—T28E, Xy M
BHOEZANTTF 2a—708 9 —FHOWMAHT, B 003K OKER 1.5m) IZEATAD
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BAE TT v hAIIL
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Eowicli MEMTELIL, ErmEAEESogkomm (B, MW, & K, EoH)
PKEICHE, FERELZESEDL LAV TEE >R,

(3) ®EHIE

Figure 18 I[CEBER X Z R L7z, v v X —AE—FR /100 B, BH 30 2~ TRE T& %
ETFANATE 2 EBHEAL, | BIEE7—AOEND, b ) 1 HIXT = OKRPENLHRE L
2. 2 BOET AN ATIVNBRMESRAELEL 7 L—2 v 2 =2 > TRS L.
FETOT VXA RN LR T D280, AL ~—OKin1, J§, I, T8, HfF-/NE-
RO, RO TRERTA T —F Tv—F 7 LI

R ST HER X Macintosh =22 B o — X (ZHUD A A, #fEFHE Y 7 b Mathematica
(Wolfram Research Inc. USA) (Z U 7 L7= Movie digitizer (& #, 1998; Miyaji and Abbot, 2001)
EHWCT OX A R T T2, TUOXA RKRA 2 M3k, J8, B, B, BlfE - /M5 -
R DS, FEOMTR T 72, 3 WITHEREIL 3 Yot DLT % (Shapiro, 1978; it -, 1983; i
EiED, 1991) IRV HEH L.

BRI — st L CEFR &7 (Figure 18). 160 Dy hr—A A7 Y= 7 b
A IR HLEGE (1.0mX1.0mX0.7m) Z3RITDLT 2 hr—L A7 F&L
TR L7, RIEEEZFHR LS8 0RZEE, 522mm (x#h), 46mm (y#H), 3.9mm (z
i) Thotz. 3RITOFEET — XX 60Hz DT — X T L7z, "F—TU—AD1r—s3A
TUBINT 4V FIT L0 HEWTE I EL 7.5Hz THIR{L L7 (Winter, 2005) .

(4) Z3HrEE
A=V TIRIKEIECTH D70, ZE LT O 1 YA 7 VDB E 55 &
Lic. 77y bRBILD 1 YA 7O (RO L &) ZBlhaR s LTHtrLiz.
SHTHEBIZUL IR LI & B0 Th o7z, Figure 19 IZHORS, FEORS, LML,
A, ALy UERRLE.

1) Mo KIS i E TOMKZRES (o3 Kifs) .

2) FEHOWS K26 FEE CTOMIRES (FiH ORKER).

3) ks B AKifi (x-y W) BiZkT 2 B s R (8 & KEs T %6 Sk
57) DI,

4) A A & EfaoD 723 4.
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3.0m

I — | )
Electronic timing system ‘ g
| gsy 50m
}Frame counter li

| Video recorder | | Videorecorderl

Figure 18  Schematic diagram of experimental set-up at present study.
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X

Y Y

[ - ———— /I\_\ Water surface
,:;"&: _ IL& N

2) wrist depth,
relative depth from the water
surface to the wrist

3) upper arm angle,
angle between the upper arm
and a vertical line

through shoulder and grater
trochanter

8) attack angle,

Figure 19

1) elbow depth,
relative depth from the water surface
to the elbow

\ \ 4) elbow angle,
angle between forearm
and upper arm

5) scull range,

difference between minimum and
maximum elbow angles

7) scull time,

time during one cycle scull movement
9) scull pattern,

trajectory of hand

Definition of analyzing items.
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5) AHALLY 1 YA 7V TERENN AR, 8 O fR KME & &/ IMED 7%
AN UL LT
6) H-F-TFEONMERMER FHERAE LEZEZORF-F-FTED Xy, z BON EBIR.

7)) ATNE A A 1 VA 7 VDD - HE.
8) x4 TEE) IR D F0H 2 A.
9) AHNINE— 1 YA 7 B OFHOEF & FE ous. KX L= ok

PO BTz (x-z il FICEE L) AT — S5 LT-.

(5) #ErLH

FHAME T AL O EZ IV, 77— 2130 + R ZE TR Lic, Rl & oMl &
DAEZEIEHAL Lz, ZAENOSITHEBIZIEWT, 4V vy 7 i (Excellent Group) &
B fR&EHE (Good Group) MHZITHBINE L < RV thE, A2 L & 1.5 kg ATl MIZiX
KIEDBDHAF 2—7 MO tBIEICE Y, FEEDOEDREZIT > 7. AEKRMEILS %ITH

EL.

413 R

FV ey 7R 44), BRER (64) DM LB IULS kg AMKHIIBIT D MO
X, FHOBRSE, ERAKE, MAEBIOAI VL PO fE% Table 9 (2R Lz, FHfE
DHEBEMEZITTofbS, AL E 1.5 kg BAMOMIZ, BLIOAY ¥y 78 L BAE
FELORIC, TNETNAEREIARLNRPSTC.

(1) HEFEOKELLDOES (& FEOXKES)

Figure 20 (24 Y Y By VBEFIBFEDT T v b AIND 1A 7 VPOt & F 8 OX K
DEAER LT, FoX/KE&EIZ, 77 RNAANVEAL L ABDNVOFEFHTFOA v —7 7k Clx
N EZEENR S, —EL TV, FEOMKESIX, A AHNDX o —7 & CKE
ICHEL 7Y, T RABADA ha—2 BECEL IRotz. DED, FEISMIOBITRE
FONROBATIRE DI R@Ero7eZ Lo, FORX b —2 [FTAKEICENN TV DD TIEZR
<, DFPICHRIDE < AMUDMENER Z Lo TEWW TV B 2 Ebhoiz. ZLTFER
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Table 9

FTaw 7Ty NAAN
WFFERRRE 1-1 : EBr 1

4.1

load and 1.5 kg load conditions for Excellent Group and Good Group

Elbow and wrist depth and upper arm and elbow angle depend on no

Excellent Group (n = 4)

Good Group (n = 6)

no load 1.5 kg no load 1.5 kg
Mean SD Mean SD Mean SD Mean SD
Mean relative mm 190 12 179 13 -187 19 -182 32
elbow depth
Mean relative mm 237 9 -210 16 —222 27 214 37
wrists depth
Upper arm angle ° max 59 0 59 3 60 5 62 5
min 49 2 51 2 49 3 49 3
range 9 2 9 1 11 3 13 4
Elbow angle ° max 176 1 175 3 173 3 173 2
min 126 5 129 5 126 7 131 7
Scull range ° range 50 5 46 3 46 10 41 7

range: max - min
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ouT IN ouT

Figure 20  Changes in depth of elbow and wrist during
sculling for swimmer F, Excellent Group with no load.
Zero (0) m of vertical axis indicates the water surface.
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PWIIBATRE O & I SIFER CEm S iZR o 7o, SMUOBATRE TIL, HOhRFE LY
FVZEICH Y, WRIOBITRE CEFE SN ORSITIZERCTH 7. T b O HIX
FV By ZREIT TR AEFICHEBEL THLNL.

FV 8y 7FCBIT DN E FEOXKEEZ A5 L (Table 9), A2 Ll TIE, i
AKELV-190+ 12 mm, FEITAKAELDV-237+9mm DIESICH -7, 1.5kg L TIE, FHZ
KL V=179 £ 13 mm, FEIFKEL-210+ 16 mm DIESICH o7z, AV By 7B IO
B REFETIE VT, ARMRLRE L 15 kg ARTREZ T 2 L, MEMICHTNHHER
ElIH NIRRT

(2) ERpasE

Figure 21 IZA Y Y By 7K EFBLOBREH YEFOZ Ty RRAALD 1 HA 70
o B A LA R LTz, Table 9 IR L7z L 91T, AV vy 7 BEOAN T LEEO Eifa
JERRAEIE 59 +0°, /M 49 £2°C, EMERIPHIZ 9+2°TH 7. —J7, BREFFOAM R
LoD b £ B e KA 1T 60 + 5°, fe/IMEIE 49 + 3°C, EEHIPHIZ 11 £3°Th-o72. 1.5kg A
TREOBVERIPHIL, A4V vy 7 BHENAR R LEFEIEIEREZ R L0k L, B ARBEHT
AR LREL D O PMICREL 2oz, AV By 7 E BREFMICAEEIALNR
Mmolod, AV Uy 7O BEERES/ NS, ERAEE SN TWDERPICH > 7.
W2 &, BREIFSMUOBAT R R B, S/MEZNRIOBTRE T,

3) HAELARILLYY

Figure 22 (24 YV VB VHHERFTO T 7 v RAINAD 1 A 7 VHOAEEZR LT
AR LRI 524V 8y Z FEDOMN AR 176 £ 1°, HK/MEIX 126 £5°T, A%
NPT 50+5°TH -7 (Table 9). B ARKREEDI A LI KAEIT 173 +3°, fFe/MEIE 126 £7°
T, ABNL DT 46+ 10°THoT2. AV E Y VRO NI KENRKREL, AhrL oy
MREMMoTc. A7 LE 1.5 kg AMREA RS 2 L AERZETHAONRN-T205, 1.5 kg
BHCR/MER K E L 2D, ZORE, ZAIN LU VBNNEL Rotz, BAEIZIMIOK
TR CELAL, S/MEIZNRIORBAT R T,

(4) B-M-F&OAEBK
Rzl (0) & LIEfEFED X, y, zBIOMERRIT, TV vy 7L B AAREERH,
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ouT IN ouT ouT IN ouT
80 )
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right 70 /

left
left 60
50
40

.l L
0.5 0.5 Time (s)

Excellent Group, Swimmer K

Good Group, Swimmer Y

Figure 21  Changes in upper arm angle during sculling for swimmer K,
Excellent Group and swimmer Y, Good Group with 1.5 kg load.
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0.5 Time(s)

Figure 22  Changes in elbow angle during sculling for swimmer H,
Excellent Group with no load.
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BROAMMZR LA L 1.5 kg AMREHICHEREIA BN o7z, FaIFRE LI E
FED z OMERRIE, TV Ey 7HEOARBRLFFICBWTREAS 2 L bK<, D&
i, FEOIAICEEWIEIZH Tz, 1| YA 7 VP OFZFREE LIk, FE0 x oz ks
HHL, AH—V 7 OM, FHIZEEESNLTEY, AV AHLVTEEIFEOMREE TRH
STV,

(5) RANEA A

Figure 23 (2 1 A Z WD T AT NE A LEoRm LTz, 1A TV, L AT eT
U RAANDA S r—7 JHEITIZER CRETh o7z, BRFDO 145K 9 40, Al
LIFE D 1.5kg BRFREIC AT NZ A A L, 1.5kg B CORA— Y 72 A NTEAM TR
LDOATGNEA LLV/NSholc. LD, AV ABNVDX ha—2fmme 1 A4 70k
—H VDA =7 J{EICBWTHBEINS S, ARPEINT 5 & A o A VR % R
CHERTRER AL, AV By 7 E BREHMICAERETA LN R T2,

(6) Mz A

Figure 24 ([ZA VUV U By 7 E F R FOFOHXADOENERLIZ. AV E Y I8 4 40
FOIZAE, AR LIRFOBATRE TIEAMARK) 70-80°, PIHIK) 60°, A AU LT T R A
FVDA b v— 7 JEHE TR 20-40°, A4V ¥y ZRE 4 40 1.5 kg AR OBITRE TIEsk
1A% 70-80°, PIMHIKY 40-60°, A b & — 7[R TIEA) 20-40°ThH > 72. FALRFIZE AR A D
AT A L— A THETH - 1=,

(7) FHREFEDRINANE —
Figure 25 1%, KEIZHIXZ LT NE R &0, YV By 7 FRFOFELE FE

DAFNVIRE— T . Figure 25 DEMMPEF, HEPLEFOHNZIBICTH L. A
LBEIOLS kg AW O GIZENT, IZELEDOBFOFIILED A NN RE —IAMIO SR>
fe LI KA RNz, 2huE, WEIRE S OKEIZIE<S) SMUAMERVMERIZS DWW TRY, N
MOBATRENRRST-HE LTV, FEDADNANRE—0F, HMEOKHOL—FR
LI VRO 8 DF-ZRNTWZ, FHROADNANE = Ty L RERIS, PRI
m AMAIDMEVWER 2 DN T2, DFE D, WFE BICHEROZITITNER LT & & I12E<
20, BANZTN LT L ZIRS 2> TRY, MFOX ba—7 J{mnKETiEie < ks
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* p< 0.05 I:l no load
**p<0.01 B 1.5 kg load

*%

Time(s)

Out-In In-Out Total Out-In In-Out Total
Left Hands Right Hands

Figure 23  Mean sculling time for In scull (Out-In), Out scull (In-Out)
and total scull cycle (Total) under no load and 1.5 kg load for right and left
hands. Significant differences between no load and 1.5 kg conditions:

*p <0.05, **p <0.01.
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100 | | |

Angle degree (°)

Time(s)

ouT IN ouT

—— — — — — — ——

Figure 24  Changes in attack angle of the hand during sculling
for swimmer F, Excellent Group with no load. An angle of 0
indicates a flat hand parallel to the direction of motion.
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A ——
Viewpoint g
m
0 (OF N s
76 Q&&q
0.1 IN' 87 0.1 IN
y
0.2 ( 2 N
V4 OUT \ —v z Z OUT
-0.3 L -0.3 4/
0.4 0.4
Y Right hand y Left hand
0 0.2 04 0605 0.8 1 T2
X X

— Sculling pattern of middle fingertip
= Sculling pattern of wrist

Figure 25  Right and left sculling patterns of middle fingertips and wrists for
swimmer F, Excellent Group under 1.5 kg load condition. The sculling pattern of
wrist is a slanting sideways figure eight. The sculling pattern of middle fingertip
is a sharp-pointed figure like a drop shape.
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HIMPTEWILE A V7= (Figure 26) .

414 BE

it & FEOXKEEDORRNS, HOXKEENR—ELTEBY, ZF&EAZHNPRN L,
FEHIIHEIVERWMIETAIL L TWEZ L, FEIIKFZHN TN DD TIEARL, WREID
B < AMUDMEVMER Z > TEIWT WD Z E BRI CTh oo, £, HEFSRE LIS
FH O EBRE AT FER, B LD b PENROVNLEICSH D Z &Aoo 72, Zielinski (2001¢)
FNAA R DIFFES TR YT a T, FHETF (F—=DK) 2 ORELWRY Y
2 TCTHLEBRITEY, KRN OHONTEMRRERR ST RMREZRL TS, LaL,
JZESMTIRY, FEMIVRWIEICE Yy M2 2 L1, SKRAN—ANRSLZEL, i
SR LT B0 [RIRENE 2 K P TR ICT D720, HhE2ET Va2 EHTE 5.
SHICHIMEE FOW G THENZ AL N TES. IO ZELRY, 77y RAHIALT
I 2 i TOMTREY, m<ROZ ENEERIFEBIA LNV D.

FV ey e BREMALKT L, 7V vy 7O Bl B RFFICEHE L CHE
EINTWE, ZORRIE, MESGRICHIETAINT L2 EE2B®RLTERY, Ah—V v
T ORHETNFRIZIFE LD b LAFIC K> TEL TS Z & Z/REB L7z Zinzen (1992) D
EMG DRFZERER L BIR L T e, 7z, A2 RIS LATT AV LT 5 2 LiE, RGO
EhR/NRIZE EODTD, BEOREIIORNDHEZZLND. £ LT, #E< OIEEMR
MEIC, EBEMNZTEARETEET DL ENAT =V VT OEMFRA L R LTiRRBN
T\ % (DeNegri and McGowan, 2005; Muir, 1981a, b; Nesbitt, 1991; Reeves, 1975). 20D Z & 7>
5, EfiENETELRETEEL, MEIMIESTAILTDH I LR, AH—U 7 Hifk
D FICERTHDEVAD., £, AV Uy 7RI BREFLEBR LT, HAEORK
ERREL, BERHARED T2 D, MEIRE LIZRiBEO A ~r—7 mEAKE
WIERHENE RS, T &Y, FHlZRARORW EREAKFEEBTOT T v XL
DAFN VL DUE, FBHOE] S ERTE THMINZ A I A5 2 L b EIFREEB R OO E DL
LThiFoinsg.

S5, FHROAINAE =0, Al L L 1.5 kg ARFEEOWTIZENTS, 1FEA
EOBEFEPNMOR 7= LT <R AITR L, ORGP E (DeNegri and McGowan, 2005; A%

fti1,1992; Lundholm and Ruggieri, 1976; JT/f, 1990; Yates and Anderson, 1958; Ff[HE A H A7K¥k
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-m.23 t

-0.5¢}

Figure 26  Right and left stroke phases have small incline,
not horizontal. It is suggested that inclines of stroke phases
cause stability of side to side.
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W~ v 7 mZFE 43, 2002; Zielinski, 2001¢, 2005; X, 1990, 1993) (ZF0k STV 5 K 9 7ok
8 OFEMIDIRMoT. LV DR TH -0k, SRFICHE L OOMIOBIT/RE T
FIKIEIZ > TEREFAIZEIN TV D JRHE B S, IMUTRERIMNEZRH N2 & T
b5, ZHUTHNE T CRBEIFT LI TR MEN ER LN WO A=) T D
SMAITCHI N 2 AT LD IC T H~KEHL T DOTIZRWnEHfRINS. £ LT, ¥
I AFTARXRAAL I TEIKREDOHER G DOE S L REMEER/FLT-DIZ, TE LK
RN RNEICADNTHZENEE LN E ENTWD. FIxiE, Ef&KEESIC
BOTHANCI D> TREBRS LT E D L KO (FiE) (KBNS TLEY, KE
WCHEEZFERIZFENIE DL ENTERY. Ehz, AHITFOOLZTIERLLEIVIRL,
SRS AN L TNWDTEDIZ, B8 DFTIHARSWRIOR ST LTS BDORA D VR —
ERINTNDOTIHRWNEEZEZ HND.
ELICINETOMETIIARFH TAD =V I FTHZENRRBNEEZ LN TR,
NRTOREFIZBWTA b —7 EIFKFETIE AR <, RIS E < SMADMEVMERI A DWW TR Y,
MFCLOREZ#HANTW e (Figure 26). ZiUX, 77 v hABADRA—Y » THENET)
DOV DHLHEOE T TIERL, FEROFHUTAL—V 7 LTSIz, SMUIlO T BIES %
MFRT VNG EEZOND. SHICHEDONT VAERFFT LDl A ha—7
HO/ENRLEIROTITIRNWNEHREIND. 20 Z L (2005) ORET 5, ZEL
oA =V U RBEIIHEBEO A ha—Z WS (8] OFERE i) OFRIZe o5 H
EAEOBEG DB T 2O TGRS ZE LT WE WD REEZE M T 56D Th-
7o. BEOLSBFRIITELLETAKFEICHIBEZE 2L TWD OO0, FERICITOT 7R ER
NHBI, FIUWNBEEMIZORDB > TWNDEDTIER DN EHRIND., T FEE A &
LTIE, TELRETAKRECENT IR T 20N LN EE2LND. Eh BV O
AENE > L BRI WVLEEEEZETLOMNIONT, 4%, SORHIFFENPLETHD.
WICAMR L E 1.5 kg AMEED T T v F ANV EHET D E, 1.5 kg AMEEO AT L X A
ANFEICELS RoT=. BRTA VAIILDA M a— 7 RED AT IVE A LINHEINSL 72
ST Z e, AMMPEINT D& A L ADNVRETTIER NERTHANLLND Z LN
otz £72, 1.5 kg ARIRICHIBO A VL o P OR/IMEN/NS 720, #ERAC 15
ATNVDAIN VL IPINEL RoleZ 8id, AV AADNVDANB—T JFHEDAIINE A 2
DL ROTREREFE LTS, TROHLAMBEEZ DITONTAANLT RBHEL,
AANV RO TDHZERH LN EIeoT. AMBEEZ HIZON, AL UNRME
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KRV, TURNENRDL Z LE DT D)y a v a—FoFffifEai (Muir, 1981b) 3B X
O Zielinski (2001b) 12 X 2 il EICB W CHE SN TR Y, RIFETENEIGELT-
XD, BT, AWFETIHAMMSRLE 1.5 kg AREFEOWTIZEBNTEH 1 1 7 LD
ALARANET T RAINVDOA va—7 J{EARCKHEZR L. 72XV IO Fvat iz
—F @ Nesbitt (1991) 127 T v FAINVDEAMHRA 2 FOOEDNIA L AANET T AT
NERUTVRTAA—=V 735228 TEY, AFEMERIIENEIFTH5H0T
HoTz.

AWZENCB T HA Y By 7RO FOMEZ A, Afi/e LEFE 1.5 kg BWRFIZZRIIAD
T, FOOLOMEZYY R LT RE CTIXIMAK 80°, PIEIK 60°, A kr—7 J&HE T
13K 2040°TH o 72, BITRE TIEITOOLDME 2 G EZ D120, —RICHz A
WREL RIS EB S IS L CREISIVEE TICET S 2 ENBEEN-. 2Ah—
VURE = DFER L ERETT D &, NIOBATRE TR > 2B E iz 2 L b,
FRCFOOLDOME 2 FEZ RN BT IIKEZMLELT U hAANVICA->TND &
BEz2bb. TO—JT, SMUOBATREIZAES A FEAEE LM 2#i< L 52—
NHELI, HZAE 80UEIZEL TWZ &b, THICHIIEG DR E WHERE T 2384 &
BOLEIRBEEZLENOA LV ADNVZIRLTNWD Z EBborolz. LT, £V ABLE
T RNABIVOA B —7 F{ETIE, £ 2040°OF THIZ A% A L— XL ST,
CNETEITSNREEDITL A LITHERAZRAZ DT L LAMELITBINTND
5, BAREZM A A DRl 2 s LTo i F T B A D13 ETH D, Reeves (1975) (I7 7 F &
HIVERZIZFO O DL Z/MERNC 45° EF, A 2 A D VERITEIERNC 45° EIF CAD LT 5 &
W~RTW 5. Schlethauf (1979) (ZFDET /VERIZ K o TEHIREE COHEE T DI 138
DEEZRL, K 40°DRZAR S > L bHIMIDORENAETH L Z EEZH LML T
%. DeNegri and McGowan (2005) (= —F~==7 /LDOH T, Schleihauf DHFZEHEH: % 5[ H
L, AANREOEEDMZ AT 40°THDH LR L TWD. £z, Zielinski (2005) &2 —F~
=2 7 /WZEWT Schleihauf OFFFERERE VY, Kk TH o & LRRMICETIRENTE S
H2AILA0°THDHZ L, BRO—IARKIETIL 20-50°DH 2 A2 DT TNDH LR TND.
AT TH BN A ha—7 [F{ECORNZ AL, BRURIGHRS OFEROKE WD AIC
o T\ e, LLAns, Ah—Y r JI3EEFH TOBHE ThH L0, 5% I 5545
DMELEZEZOND.

v aFA X RAL I T OMEZRITRICIITE DT RO 6N TLE LIZEENEE
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N5, B8 OFEIIINMOR 72 LT BDAINNRL = DTN TH-ThH, T Ot
X TEDLETNSWERHERO ETORNER/NRIZIISZ2Z2ENRTED. £z,
AIFFRIZEBNTA b —7 {E O A 20-40°CTh o722 L b, REMEOEWENESTT
DI=DIIFTHZAZ DT TE RN ENEZLE B DR S.
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42 HEAMOBWIXS7F v NAILEMED L&
(W7o aRRE 1-2 : 5 2]

421 B®

WA 1-1: B 1 I2BWT, =iy v ad A4 R RAA IV VRFED [ h) X KRR
DT T b ATNVOEEREE 3 RTTEHGOHTIC L > THLMNT LT, UL, FEEROBEE
TIEZ K Bz B LI EAMOMbD S 12 BATT Ty FAIABRHNLND T ENRE.
T4 XaT EARBLEARIELZHAEDETZLOET 4 X a7 L0, B I
DEIZOE D FTOHTHRO N7 4 F 2T 2179) 1%, BE 194 FEIBEINATEY,
7Ty NAANERNTT) EMEKFEERBEZEL 7 4 X 2713120 H5. 61T, TDH
HLO TS IRV — Ly PEBEGELTZLOTHY, 14 13— Ly T X TNVEREELTED
DTHDH. 74 XTI, TOHTEMTHZLICMAT, FEBORAES, BIEOTEHS -
ROLNE, KEOHEEREEOFEENE N ERRD LN TS (FINA, 2005, 2006,
2007). K EfFEAMBIEZ DB, HEE SNDHEENNENTHDT, AHh—V v 7H
RIZZEEAET D EZZ2 D, LLRRL, BELCAL—Ly TR, NL—Ly T H
TIVEBEED 7 F v b AH VORI STV,

Z ZTAMIGEE, v aF A X RAL I T OEBETHO DD AKERIEAR LS 3
ZBTF D77y hAIVEWEO IR ZITV, K ERFEAROEWVZ L > TAL—Y v 7EfE
MNEDE BT HONERFNT DL EHHME LT

422 FHiE

(1) #HBE
2006 FHE 7 m A XA RAA I VT HARRETFT — LB T 21 11 4 (205 +£2.0 %)
B L Lic. #BRE 11 A OFIREHEIL, B K 1.61+0.05m, {AHE 52.8+3.9keg, Bod Pod

(Life Measurement, Inc. USA) % fV 7= BB HATEIC L D IR 233 £2.5% Th - 7-.
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(2) A&

Z OB TO LA EKFEES, Nv—Ly 7R (F%L), Sv—Ly 7 X T NVESTOD
7T v N ABIVE 10-15 BT (Figure 27). 3 DO E b1, ZE LT BB CHER?
TELREDOESERFFTH LR L. 3 DOEBIEBKKER Y v 7 at A XK
AA 27—/ (FINA, 2005) ([ZBWT, ROLIITHESNTWD :

e & KL AKENZHIW TR, B, M, bR, @oeidokm <, Hikzih
. BE, OB, REIE—EMR B L.

NU—L oy g R B & ACEES. IR E ISR

Nl—VLy 77 )NVES WEiz, KiElZEEMTT. BUIREOR L. B3k
i

(3) ®EHIE

Figure 28 ([ZFEBRIERXZ R LTz, KFB AT 1 (% v X —AE— R 1/100 ¥, #/ 60 =
<) BEHEBRE OB TINET DL IICT—VDEIZES, Kb AT 2 2HREDOLERDT
HENORETED L) F—VEICEWNZ. EHIh ) 1| BOF AT EKFREBELTKFE
WZHIZ L7 TN ORE TED X DITE W, 3 BOET 4B A T ITINRBIAEHIE 538 42k
BETL—L By =k TRMESE. FHTOTFIHA ZNHERG T D20,
WBRE ORI T, JH, B, FE, BUE - ME - PHEO%E, PREFHESE AT A ST
Tv—F 7 L.

RE SN-EEIE 2 o B o —Z 2B iAZ, Frame DIAS II (DKH Co., Japan) % HAWTF
B TT A RN E T, TUXAXKRA > MIKEET, BlE, I, Fa, &2 HERF
fREN, 555 fah AR, B3 4edeim e Lo, 3 ROuMBEEIL 3 kot DLT ¥ (L, 1983; #h biZ
7, 1991; Shapiro, 1978) (2L 0 BHH L7=.

AN A IR B HEE DM EFA E L, Figure 28 IR L2 L 9 I2 77— /MZstis LT
EFLIZ. 160Dy ha— AT Y=/ hARA LV EBRHHEHE (1.0mX1.0mX12m) %
3WIEDLT 2 hr— A A7V =y e LTHEM L. LiE, AR CTOKE DS ST Z D
IERFD & O Z W2, BOEEIRE 2 B8 L7256 O HERZET, 0.008 m (x #f), 0.007m (y
fif), 0.006 m (z#h) Thotz. iz, REBBEEZ DR VWEILRETITOND Z L0 b,
WERE DH R EZFA NS IEXWVICIRE T HZ N TE, KEORELIRE P12, T

DFIEZARRA Y by TR TE -, 3RTOFEE I —/RATFT O H LT 4 L F T L
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Figure 27  Back Layout Position (Top), Ballet Leg Position (Middle)
and Ballet Led Double Position (Bottom).
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(IFIFET)
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[La—4—]| [La—4—]|La—45—|

Figure 28  Schematic diagram of experimental set-up at present study.
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V) R E I £ 6 Hz THiE{k L7= (Winter, 2005) .

(4) FHEE

AH—V > TEEIKIEER TH S0, FLY O 1 VA 7 VERE LIZEEE 8t
Gl Lz, 77 FAINAD 1 A 7 AVORNMl (MR KiICHNn-7=8 %) 2Bt E LT

AT L7,

1% Figure 29, B X QLA TR L7z &80 Th o7z, Figure 30 ([Z TR AE (RS -

H
B, ®E - 5E, FOOLAE) OER BIEIZN, 1990) =R L7,

3) MR
4) FE R - BEEA
5) FEEM - HEA
6) FOU

7) AHNEA A
8) A ILEEE

9) ZAHNL LY

10) ABHAINE—

K & FEE L LT KiiE 1 £ CTo k.

K (x-y i) BiC3s1T 5 B R0 OF & Ris1 4 45 58157)
DI A4,

A & LMo 723 £,

FHHEORE (+) - BEAE ().

FHH O (+) - HFHEAE ).

FHORMEY O/BE. 7T M ATV (N80 LA v 20 (4
—H) OFOOLDME &, KFEmEREL LTBET 5120,
FOOLEETICMITRELZCE LTHELE., HIZFOUL
DENZ AW TREE, X FO OB Ml Z AW 7R iEZ R 7.
1 WA 7 AT h Do T2 RE.

T RATIL (W= A 2T (H—RN) BEOFEDERK
B DR KR L OCESEE R 7.

LA 7 VTFRENN T A SERPE. A FE 0D B RAE & fe/IME 0D 72
EAANL Y E LT

1 YA 7 AVHROFIEOYHN & F 5 O, ET0rb6i7E (xy F
i LSRR L) AR g — o LRI L T2D 50 5 A
7o (xz Wl BICE L) ADARE—2 B0 L, BRIk
> TR LT,

%

%

11) AB s 52— 2 ORE - fiEbE

KEIAIE L2 O T D6 T Fe o 2 1 v 342 — o oFflE (x
Wl D FOBVERTH : FKIE & R/MEDZE) L Mg (z o F o)
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,.---v_\/’h“\

v

1) height of grater trochanter,
relative depth from the water surface to
the grater trochanter

2) upper arm angle,
angle between the upper arm X
and a vertical line

through shoulder and grater

3) elbow angle,
trochanter

angle between forearm
and upper arm

wrist angles of
4) flexion, extension,

, e W
5) radial and ulnar deviations / 9) scull range,
difference between
minimum and maximum
—_ elbow angles

6) palm angle, .

azgle betweengthe palm 7) scull time,

and water surface time during one cycle scull movement

8) scull velocity,
velocity during one cycle scull
movement

10) scull pattern,
trajectory of hand

Figure 29  Definition of analyzing items.
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P4

c. FOULAE

Figure 30  Determining the wrist joints angles ($31:1%>,1990).

P2,P3,P4,P5.P6 IZZNZEH, I, FE, HSHEHFRE, &2 EPFE
BI3fEtmEb o7,

a JE « BE : P2-P3 & u (P4-P5 ZPATREN L7726 D) 709 Fmic&
B SN7- P6-P3 & P2-P3 D729 M.

b.EJE « W : P2-P3 &t (P2-P3 & u DAME) M7 FiEIcEE Sz
P6-P3 & P2-P3 D724 &,

cFOOGARE : P2-P3 ICHE 70 M I HH S L7z P4-PS & FEVERR D 72
THAEE.
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VERLDH « e RKE & e/ MEDZ), B K OREIE-HErE t (Rems /A% hE)
oM L.

(5) #EFt0E

AFIEORERIT, 11 ZOFHME, & LT 11 L OVl EmUgFEE R LEZ. FAED
B KA & 5/ MO 75 % B EFREEAE & LTz

N—Ly P RNTIEMNO R 22 LT 2R TH LT, LROSITEBDOELZZ AT
2a—=T Vbt REEZFHNTHITILIZE ZA, Nb— Ly VR CTCHEREAENA LN
DIFFEDORIE « B - i, FOOLAEDT U FADNVE—IEOHRTH-T-. £ LT,
ZNOOFPHB IO LB N T ARRICHBRELZNRH DI, NL— Ly 7 EKEM
AOBMITE L ICROONARPoT. £2T, RFETIE, ERICET20WEH IZEAD
S A F 2.

— LR E DS BOHTIZT, SEE Z i, EmE KRS, NL—Ly JRE, NL—
Ly X T NVEERD 3 BER O LA FEDEZDREEAT 1z, MatiIABEEBRRD b
H DI L TIE, Scheffe DEEZ MW CEEHBMRELT 72, £, IHREELOREL
BFT 272012, (KIENR L Kis 1 (E4ATE), KIBRE A2 A 5 (AT O
M OFERRE A RO T, A EAKEZ 5%ITHRE L.

423 HER

(1) KEEHR L KEETFE, AINVE A LLOERK

T RTOLEBNZEBWTIRIEN R & KRiE 15 & ORNIZITA BEZ2RMEEBERITGEED b o7z,
NL—Ly TR TOHEIRNIZR & AV 2 A 5 & ORICHERMBREK (= 0318,
p<0.05) FEH LT,

(2) REBF&

Table 10 (& k& KRS, NL—Ly VT REBIONL— Ly 7 E T VERBIZBIT 5K
TR E, 77y RABV LY A 7O BRSBTS 22850 v — 7 5 L ShEfiPH 2R~ L7z,
EWmEAKELESS, SNe—L oy ZRE, NL—Ly T IVEEONE R T, b
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Table 10  Upper arm parameters during one cycle of flat scull and heights of grater
trochanter in Back Layout position (Layout), Ballet Leg position (BL) and Ballet Leg
Double position (BLD)

EREKFLES INL—L G RE NL—LyogTLEs

Layout BL BLD
Mean SD Mean SD Mean SD
KEEF S mm —95 17 st —198 47 # -308 41
LHAE ° BX{E 55 3 = 48 4 52 5
B/ME 47 3 34 3 = 34 4
{EEFH 8 2 *x, 1T 15 2 17 2
HAE ° RXIE 168 5 167 6 162 7
B/IME 125 6 * 135 4 125 6 =
B 43 6 et 32 4 37 4
FEOREM ° REBE—5{E 19 5 19 3 19 3
R (-) BEE—/iE 6 4 1 -3 3 2 3
EEEEE 25 5 ft 22 3 21 2
FEOEREMH ° EREE—S{E 22 5wt 15 7 12 4
EE(-) EREE—5{E -12 6 -8 4 -7 7
BEERE 33 10 xtt 22 6 19 5
EQULHE ° LV ZANE—IE 55 7 st 43 5 40 6
FHRRAILE—HiE 28 5 -33 6 -38 5 ft
BEE 83 10 75 7 79 7
AHILEA L s 0.7 0.0 ==t 0.5 0.0 0.5 0.0
RRAADILEE ms  AVRAL 1.0 0.1 15 0.1 * 1.6 0.1 ttu
FIrRAIL 1.0 0.1 14 01 * 15 01 tt
FEHRAILEE ms  AURAIL 0.7 0.1 1.0 0.0 * 1.1 0.1 tta
FYRRAIL 07 0.1 09 0.0 * 1.0 0.1 ttu
AL ° 41 3 * 38 2 42 2 =
AAILINE—2  mm 1EIE 389 28 369 18 412 21 #=
s 165 25 it 122 17 119 17
e R/ R 0.4 0.1 =it 0.3 0.0 0.3 0.0

Mean: 1B DTEE(EEDFY), SD:1RERE. BEGEEIFKELR/MEEDEETRT.
FOULAERFFOULNETERALIKEZO® LLT-.

1%HE Layout vs BL : ¥, Layout vs BLD : 11, BL vs BLD : $*

5%%8E Layoutvs BL:* LayoutvsBLD:1, BLvsBLD:%

BREERTTREIRIE, S/ME, BEE—V1E, 7IOrRALE—VEEZBRVDTEDOREWS AT
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KFLEBNG o L b, A=y Z%8, NL—Ly 7 ¥ T LEBOIICET L.k
FEKTESBE AL — Ly ZEE, REEAKTERE AL — Ly 7 F TR, AL—Ly
DY L N L Ly 7 5T VEBDZ BN ORI RS DA

(3) LbBEAE

ERIAEORKMEIL, N — Ly ZEEB B & KRB ORKE LV HEIT/NE Do
o BMEIF AN L — Ly BB E S L— Ly 7 F T VBB ERE KSR L0 RIS
Ehote. ERiAEORRNEE D &, RRIEET U N ATV OEE, FMEIEA > A
HANOFHETH LN, EROBERIIL, NL— Ly ZJERE RN L—L y 75T VBB
EmMEKREERB LV AEBICRE otz

(4) HAE

IS A DB KA 3 BARICHBZITRD bivieholz., ERMEAKFEEBLANL—L vy 7
BT NERIN L — Ly PRI FMENABINES o Te 2 b, Nb—L oy FEE
TIEHNBA~ONE R LB Dotz FAEOEERHIL, EmEKPEERRAAL—L v/
BN — Ly ZETVEBI Y SHREICKRE ol

(5) FEORE - BE, R - EERAEBLVFOUOLHAE

EREACPERCB T D FEORKBERAER AL —L y 7 ZTVERE D HARICKE
WEZ/RL, kR EKFEEEO RS - BEEAEOBERHAA ANV — Ly 7T NVEE LD 4
BEIZKRED-oT-. PEOER - WEAKIY, EMEAKEEBORERERAENRSNL—L v
TETNERBLONL— Ly ZEAL ) bARICKRE otz i - Fe A E OB ERH
1%, EMEKFEEBNAL =Ly RS, NL—Ly VX TNVESOZALY bARICKE
Mmooz,

i

Figure 31 1314 VA AN ET T RABNADFEOOSDME HLETEL L5 1947 1FD
FOOSLMELEBRNR LTS D TH S, Figure 31 2 BITFHABRN WD, FOOLAE
DRRMFNEAC Z T2 D LI RIEIZA > AN OF T, K/AMEIXT 7 M AB VORI THLR
7o BMEAKPERATIE, A ATARHIFO OB DIKENIIRT L TR 55 + 7°F THANZ
EN, N—Ly T EBRBIONL— Ly 7 X T VEBI Y bAREICKREhoT. FT, k
[ X KL TOT 7 M AANAEZFEOO S DIMU~DIE LRA-28+ 5T L—L v I HT
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*% p<0.01
Angle degree ok
(°)

B0 - ek
A 40
N
S
ho| 2o |
L

0

Layout BL BLD

T | |
I.j
x
4 -40 |
L

50 L ! %k

Figure 31  Peak angles of the palms during one cycle of flat scull in Back
Layout position (Layout), Ballet Leg position (BL) and Ballet Leg Double
position (BLD).

KIFIZXH L TFREOUOLNE FaRWZIREEE 0°8 L7z,

+ VXA A IVERIZFO O D DINENZ [V TR EE,
— X7 U N ABNERZTFOOL BIMAIZ RV 7= fREEZ R LTV B
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WEBL D B FEINS Doz, EREKEEBRTIIA ANV TOFOOLHENRKE L,
ALVAINET T RATINVDFOOLARENREETIRNoT2N, Nb—L v T X T)VEET
ITIRIFHEIT o 7. BERIPHIL, BEMICAEZAITRD b oTz.

(6) RAHNEALBIORINVHE

AZANEA L (1 YA 7o T2 f) 1%, Nb—Ly RN —L y 7 X2 T )L
KEADMIIIAERZIIA LN -T2, & KERBRE AL —L vy FJRE B E
M EKPEBLNL— Ly X TVERLEOMICENTNEBEEN AL, WEEET DL
AANE A LBFL 7207z

FEORKEEL, A0V B>N) ET7 0 RAxHL (N4 OWTFRicsnTh
NL—VLy FTRBE N —L y F X TNVERR EMEKFEESB LY bARICREL, 1A
HMAZEBNTCA =Ly TR TNVRBERNL— Ly TR D B FREICKENoT-. FEHD
SEHPEEX, AV ABNLET T RAINALDNTIICBNTHE RN L — Ly JIRBAL XL —L v
TR TNVEEIN B EKPLRBAID BARICKEL, N—VLy P X TIVRENR NN — Ly
TERBE D BHEBICKRE VAR LT,

(7 2By
BREKFEEBD AN L DI AN — Ly TR b ABICREL, Nb—L K

TIWEBDAD N L IR — by TEBRL D EFREICRE N T2,

(8) RAHNIRE—

Figure 32 12 A B F-OAEIMIE LI 5005 adz, & KPR L N L — L o JRE
BLORL—VL o T HTNVERTDT Ty NAHNVDANNANE = (T L FENRT-
BN s L7z, AKRETHIZ LT OB RTeFHRD AT N2 — 0%, L & KRS
TS AN, NL—L v T BT TN, NL—L v 7 2T IR 6 4 BNEIOR -
LKA, £, EMEAKEREATI AN, Nb—L vy 7 X T VRET 3 40344
POV —27 LDnie ) KREWEE 8 OFRIZH =, Z LT, 740 EMEKPEEBOFLD
AHNNG =%, NAIDOR ST LT KB E I OREVEE 8 OFRONFILTH - T
HLD 2 BE LD HEES R EN UROINE W TZDONREThH o7, £ LT, NL—L vy
TEE, NL—Ly JETIVEBREBITT B LN > TT 7 b A B VOB KU <
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Layout

Figure 32  Flat scull patterns for swimmer A, Excellent Group in
BackLayout position (Layout, Top), Ballet Leg position (BL, Middle)
and Ballet Leg Double position (BLD, Bottom).

BAEACTFRNZ 2 MIX LzdRmE. XY o5 E L BL 2RI MIE L7
DT o6 IIel Z A, Layout DT W N AT VD AT )3 — T U
DOl ZHENTZ72Y, BL & BLD TIIAKSEO#B 2 v 7=,
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725 TNz, Table 10 IR L7 L H1IE, FEHEDOADNANRE = ORRIEIL, NL—Ly 7 X7
WEBPANL— Ly ZEL D bHEEICREL, HIBEOREWAL—Y 7% LTV, it
BRI A EACELEBI R TA L — Ly TR N L — Ly T X T NVEBRZ N ENHEIC
INEL, A BT D LRSS feoTn. AW RE — L OFEIEIZ T D HEEO . (HEhE
SRENE) 1k &AL, NL—L oy R, NL— Ly X T IVEBDNIITAEN /N S <
720, ERMEKFERBLE ANL—Ly FRE RREKEERE AL —Ly S ET VR LD
FICHEEN A DN, T7bbH, AR L72A > THEE AR S BER TRTER A 1L
WA= FffiWe, )i, FEODRAINNE = Db, FROAITNINE— 0 LT
FHNZAMAI DR 572 LF < ELS L IENRIO Y — 7 L3in/e 0 K& VR 8 OFaHiv. £ L
T, EMEACEZETIIND BN > TORHME S MICEI &, NL—L y J RS L
Nl—VLy 7 X T NVEBTIIAREITES o T o7z,

B RNORIZAT NS = AZBNTE, Nb— Ly ZTRBEEORDBMOEE LD L
TAREECTHEI~D R L3V 72 <, FOMENPEIZITWZ EnboroTz. 61, EmEAKF
LTI AR S T RETA T — Y 7 LTz,

424 EE

AWFREORER G, B EKRFERE, Nb—L oy JRE NL—L vy 7 X T VR 3
DEBINCT T v b A NVENEDOFHE A £ LD & Table 11 DL HIZRD.

WEOHEL Y, FHKE 524kg D70 F A X RAALI LT F Y By 7 RERFD
Nl—VL vy 7B gEhi (FEkETEELEES) oK EMEAMILS.S kef, SL—1L
o T VEENIHEE 17 om £ 0% B LI2IREE (B D HEFF TE 2RO mE &) T12.3 kef,
I (RMZE CEELAEES) T 19.1 kgf 0K EFFEARA1D R, 2000a).
AMFFEDOERE O VIR EIL 53.1 £3.9kg, Btk L-YVHIAAREFERFTH Y, FAThIZEDOH
BELIZEAEEDLRY. L LAREOREIIAN L — Ly T RE L — Ly T X TV
BHEOWT b RENMN TIE AL, HRENLZE L THFFCEA2RROEI THocd, K
e TONRL— Ly ZREATOMEANIL 8.5 kef Riii, NL—L v 7% 7 /VLEEIT 12.3 kef
BEThHS1AD LHEHTE 5.

Hall (1996) (ZHRF ¥ L EF L ThHoT AV AT v a FAF—ARFEILOYF— K
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AN TR~ T 4 7 ARNTHHT LTEFRIZEB W T, BIEERE <, K EICZE 75 Tk
BHANVERTOATNLL A LR oL HEL, A ha—JHBAKEZE» 722 &2 LI
L7c. ZOREND, EIEEENEWT & LK EIZE B 5555 0\ 2 & A3 “floatability” |2
BERLCRY, HIREE L AD—Y » THRE ORI S hOBEN S 5 LS T b
AHFFETIE AL — Ly T EFNC BN TOLPERE DRI & 2T v 2 A DI FABIBIFR AR
Do, EBIENEOREWERFDO TR DY LA —Y T ET DA DTN LI
B, OB TIBERRA LN -T2 7o, IR E Kis 75 & ORI Bk
WA HIVT, Hall (1996) DOFEHRAZFF Loz, Zhid Hall (1996) ORFFEIEHERE 7 3
B ol l, BIOERHAENEELL TH > 722 OKPUITIRAK L TODIEREA K
ELHRBEORELZIRLT VRETH 00 TiEARV L Bbns. L, —&Y
WIEBRIE R SO RRERLT N E VDI TWD Z Enh, FREE L X —1 > 7 Hif
EDBRICONWTIIS R DD RMDE B D & b s.

LA E KA TIE, ERAESRRME, RAMES BITRENZ LD, MHE S K DRk
LICIREECHEE L AT — U 7 L TW AR A BTz, b & AKPELEEME D LNz &
DUNT, Reeves (1975) 1 Rz 45°Ms LIcfiECHEE L, AH—V 73 5 O0NEAER
LB TW DS, Zielinski (2001c) 1%, EBEAEIZOWTIIAA THZRWD, FIIFELD 6-
9 A THELTANBECEET D2ONRDEELNELTEY, BiEEHRTENIAR— =2
ZAED Z L i LT D, Zielinski DA A N T 7 va ATFEBRTHONIT —F TlEk
WA, ARBFFEORER & RE RFEIEA S/ m- 7. £ ?D—J57T, Jones and Lindeman (1975)
X EBEE FRO 2T AIT 45°F T X Z N TR RN ERIB L TR Y, RIFFEHERE R o7,
MENRHLNIZDOIX, WAOFREEITFNOBFOHE L L LICL TENINTEY, K%
HROAREFE L IIHKROE 7 A FOESLHREENRRD 2L, BLORNE L
DIRBIENRIR D Z e ENERICHL0D TIT W E b D, ARUFE TIE L& K
RO LI 47-55°OFPE TH o2 Z E0 D, 45°H 5 W0IEEN L b FnIcsMht %
ROTRBTAN =Y 7 T5Z LN EERAE L THIT oD,

Fr & AR TIEMD 2 BENZHANTFEOE - FRB LU - RIEDNKRE <, KFEIZ
X LI DTN ST TR DA T NS Z — IR O R E WU RO E X, AV
DINEoTz, ELICTREFEDADINARL -V ORRERAE L TERT DL, k&K
R TIE, AMABATREICB O T REOMENE E A EET, FIZ2/NMERD D KIES
FICKRESBEILTHENCRE L TWEZ EB8bnd. ZOZ L0k, ftho 2 BTk s F
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o=y MILTRERHEENZHREL LD L LTWDHDIZ LT, EREAKRERESTIIE
WCFRETCTHENDERELL ) E L TCWDORELHETES. 2L T, k& KEERDI)
IBATIRIE CTRIED AT NN — U PIKIEFRNZEINTWZDIX, KE FHITH L TRE2R
HEENZ L L5 & L TWE DT TIERLS, AMBDRNIZDIZD - D DADILT VR
ThHENFTIZ, FETTHHZES L TALI—V T LTWARERTHL EBZ 2 LND.

E DI EAEARFEBTIIADN AR =B U RO ERHIN TV 720, FOOLOME
DA ATIIVERIZ 55°F TIHE, 77 h AWV T28%RLIZEBEZOLND. AWFFE T
% 0T LTS, B & KRB D R 7 L OERY 5 ANk 2 & A TP & S
TEZIUEEZEN 2L, —BIBRTZNTWEZDOTEHARWNEHETE S, S5, 3 B80T
OO OEMERIIICH BIRENA LN N2 D, A VANV ET T N AT
HFEOOLOEE OAFHIEDEBITB N TH ENR L, M AN E SMUlTHEI R 72
NTHDOTIERWhEHEEINLD. o 2 BENZBWTIE, WEAMMSIEZ D E AT LT
VARE LT, KETHAMIZAFTBOND Z LR RERGHEZRBEIERTNIT R 62
W2 e, fiil FEra=y MIL, FOMEEA L AANLET T M AB L TIRITFHEIZ
BWAET—ESYE, MROICHIED/NSWRIED AN RE = BN =DELEZ bR
5.

% < OIFEESILIRICENT, L& AKEEEEFO AT V8 F— 3k 8 DF Mz &
ERTW% (DeNegri and McGowan, 2005; A[#], 1992; Lundholm and Ruggieri, 1976; JE4F, 1990;
Yates and Anderson, 1958; FAHI#E N A AKVKEE > > 7 v Z 523, 2002; Zielinski, 2001c,
2005 ; [X5], 1990, 1993). LA L7Zed s, WFZERRE 1-1 : R 1 B X ORISR LY, LA
TR, NL—Ly B NL—L o ZTNVEROT T v N AHME, WRIDK-S
7o L KB E MU D Y — 7 L3 iz ) KEWEE 8 OFRIZH Z &R bR o T,
B b, 2RBLGAERET DI S OFEHL LHOCAD—V VIEfET S Z LN K
WEEDRTWDR, ERBEIIIELA DI DONT VAREETH LR, 8 OFEHNTNDHRT
W ieinote, ZOEHBE LT, HAHETTREBZIZDIFIAHRTHLICOAT—Y
T OIMUTIH N BT KT TH~KEM L TWDLOTIERWD, ELOETFTTAN—
Vo T EAT S TN DIZH RO R EZ RO K 5 WifiD 2 71—V > 7 OHEE S D584 5 1)
ZHOT MU EFICHET TR LN I LT DO TRV, RERZZ LR
L. ZOZEERMIHTHITNE, AH—V T OHMETIFEAED A T = X W E FRAKTIFHIN 5B
THUENHAS .
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42 WFZERRIE 1-2 @ B2

Nl—Ly ZREBTIE, MofFMILrs/ha<, FCHEI~ONER LI/ N &M
R T oz, NL— Ly V7 RBTIE EMEAERR LY bR FOMERTRDZ &
O, WHINONERLZKREL T 5 EHRMBIZFERSONY, BEMEZ KL 2D, NEl~D
MERLBDRLRDOTIEHRINEEZLND.

Zielinski (2001¢c) 1%, FHIZ% ELANL—L o 7 EBNIeD L, ADNL LU PiIhalle
O, ZABANVTURPEED E LTS, Muir (1981a) 1E, b — L v FRETIE E\) &K
KLV EAINT VR EMT HEWHEL, BOZIXTIFTLHDICAINV L P E/NEL
T5, BEUON V=L ZF X T NVRBTIINEZ MR FEEEST, AT R e
THEHEL, ANV Pa/NE L, Ne—Lby Z BRIV T U RERDOTAA—Y 7
T 5, EBRXTWD. AMPIEL L EHENZRE LRITNERGRNZD, ZANVT
RREE D Z LIFHHRNICb o b DI ETHY, AR RICE N THD THEIEES T,
ZDO—FHT, Nb—Ly T RERALNL—L vy T T VEBOBFICBNTAI VL T RN
S<F 5 EVD Muir (1981a) IZx LT, RBFFETONL— Ly 7 H T NVEBNIRE R ATV
EHWNTURTEL, HENEZET O L LTV, N—L oy 788 I 0 L ffRERANDOK
EUVNL— Ly I HETNVRBZRFFT HIT1E, S OICRERHEENZRBE L 20 ide b2
W2 AT —Y v 7HifEE RES L, SHICHEZBEIILZ5 50l Bbhs.
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43 WMERE1IOFE LD

43 75y FAINOEMERME LIREH SR [TEBEE10E L D]

WFZERRRE 1-1 [EBR 1] TIX, Y7 uF A XA RAAL IV THV v IRAF I AN 44
L, BAREB T —ABLOHBARE Y 2 =7 F—LIZBTDHEF66LD, 77 hAIIL
EEE 3 WotEB O L, AV By 7 AX Y X RE, HAREKB F—2B L OHAREKY
2 =T F—LEFEORE, BLXUOAMALL L5 kg AMRE L OB G, BRI L5
7 B s L7,

WFoeipiE 12 [FEB 2] TIE, A0 7 nF A ARARA I 7 AARERFE SRS,
3 I 2 N T, 3D AKEREALZEIB T 57 7 v b ADVEWEL LR, 4T
L.

WFERE 1-1 BEO 122 OFERNG, 7T v b ATVOBERE L FREBLAIT ST D X D
WCEEDDHIENTED.

77y P AANMIN X RIS LEHIBOREREE TH D Z &, AFAOEVIEFITE L
BEESNTNWDZE, MEMIEV I RoTAIALLTWD Z EREIERMEE LTRSS
iz, WEIED Z L TIEWIFHFR— A EV REREZHT N TE, ME@miffoZ LT
A2 ACSEAZEN T 2 ENEGT R D7, IEIRIZ Lz LAA—EIEIC X - THERMICE
NEFFETEXLEBEIIORN-TNDLEBZ2 LN, EBIT, AD—U T OFOYIIEE
BETHWDATWDOM 8 OFRTI2L, SMUDOHARE V8 DFEIIIRMAR-TZL
PTLRERL Z &, BEXW, AN RE = EAZAOENNS, A Na—7 {E Cldd /)
AT DR EWHEE ) 20641 L, SMAIOBAT R IZ3N T T ITHU oy DR & WHELE ) 258
ESHLEIRFMEE L TVDLZ RSN,

3 MEOKPEREARLBIBIT LT Ty b ADNVEEL R LToRER, bm& KPEEST
FFEOE - HE, B REOBEE 28, FET THEN 2155 X 5 IMIBIT /i CF
Sem/MERN B KIESMICKRESEIL TS D EAB =V 7 LT, Nb—Ly 7L
B NL— Ly P ETNVEETIE, A ADNLET T R ABLDFEOOSDHFELEHEIZL,
Al & F2—RIC L TRER O /NS W IKSED R I Vs — o gl &, N7 VIR TA—Y v
T LT,

EMEKELEBTHOT Ty P AANOREEBEIE, 1) EEHEEETLSZL, 2) ME
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43 WMERE1IOFE LD

fiF TOMIIRY @< RO L, 3) A VANV TFEEZREOMEZITHERT L, 4) FoO
OLDMEEAL—RIIEESHEDLZE, BIWS) AV AINET T NAINERLT
WCAINTDHI L, Thole., LT, MEELELEERTIE, WEIMIBHFEIFOODL
ZIRL, Aifis F2—IRKIC L TREFMICHES ADNVETHEIBET L ENHEETH L.

FATCHER U, IS 2R DIFMESTZARTY v a Y CTHIETH (F—AoJE) 2RO
MELWARY Y arThdrl e, LiENETELRETEET LI L, FEOATINNRE —
VIR OFEHL Z &, T U R ANARETITFOODL Z/NMEMRNT 45° BT A o 2T AR
BRI 45° L TR D L, PREEAL LTHETFbN T, il MaeTE 572
FEET D 2 IR R CHIE SN2, TS OFEEELRIT OV IR T3k & B
78 D RER AR
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ES5E YPR—NIILVOBNVWERME L BES S

51 —Hyr st A XRRL IV BFEOYR— b AU VEIE
[BF LR RE 2-1 : Bk 3]

511 B

KEFZEE, v A XA RAAL I T DOV R— s ZADVOBEREZAS NI TH 2L,
BLOEORFORENOHMM RSS2 ST 2 N E L.

512 FHik

A KOV B DSOS )7 1EE, RS 1-1 - BB 1 LRICT, AU By 78t
(Excellent Group) 4 4, BfUEE (Good Group) 644 Th o7z,

(1) RE

AETFR L L mE R COV R — N AU NVE 2 FBEOSEMET « Afile LOREE (LLTA
72 L eV 9, Figure33) BN 1.5kg DB H Y ZIEIC O 720RRE (BLTF 1.5kg Afif & 9)
T, & 10 HITOEZ. MEETEBIZ, BEZRATHEREZZESELLIICAINLTD L

IR LT,

(2) HrEE

EERRERR X % Figure 34 | R LTz, A B —V » VERIREEETH 5720, ZE Li-ikit
PO 1A T NDOHEZHRHRE Lz, RIFETIE, GOV R— AT ALD 1 ¥4 71D
SMAlZ BRAG R & L Totr LTz,

SIHTHE H I Figure 35 B X O IR LTz & B0 Tholz.

1) EJpss B B & R0 (8 & RER T2 SH5) D73 £,
2) MR A & o> a3 4.
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Figure 33 Vertical position with support scull.
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Figure 34 Schematic diagram of experimental set-up at present study.
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wrist angles of
3) flexion, extension,
4) radial and ulnar deviations

5) Forearm pronation
and supination

6) scull range,
range of shoulder external
and internal rotations

Figure 35

’.'.l.'
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1) upper arm angle,
angle between the upper arm
and a vertical line

through both shoulders

8) scull time,

time during one cycle scull movement

9) scull velocity,

velocity during one cycle scull movement

L
Qll.....

7) scull pattern
trajectory of wrist and
2) elbow angle,

angle between forearm

and upper arm

Z

Definition of analyzing items.

102



FHS5E YR—NAIL
5.1 WRZEERE 2-1 : FEER 3

3) FHEHR - HEMAKE FHEE O (+) - HE ) AR,

4) FEBEE - RIEAKE FHEEOREE (+) - RE () AR,

5) HiBEOREIA - BS54 R AiBE DRI - [FI54 4.

6) ABNL Y 1 YA 7 TFRPENN A EERPE. JH OFMEA & RTER OFEIH

T, HiBOEW=FEAZ R, Br@d2RREI14 2 D
BHR) Z0°L L, FOEBETERE L 00T/ D.

7) ATNIRE — 1 YA 7 A OFHOEEE T OB, BRO EHEHH DS AT
(x-z Em BT L) AR E— 25 LT,

8) AMNKA DL 1 9o 7 T Do T

9) ANV E FHLEFEHD 3 RITIHEFE.

(3) #Etn

AWFFEIERO R Z 5T L, T —Z 13 E AR RE TR Lz, ORE &/ IME & 02
ZEWERIP & L7z, 2RO EB IR WT, U vy Z78#FRE (Excellent Group) &
AARE B Va2 =7&TFH (Good Group) FHUIIFHEIEAFEL <72t e, AmARL &
1.5 kg B RICIIXHE D H D AF 2 —F  MOREIZ LY, EEIEDOZDOREE1T - 72

EAKYEIL 5%l E LT,

513 FER

Table 1212, #V By 7R (n=4), BAER (h=6) BLOEETE (n=10) OFLBEDO
AR, MAEBLIORRAI ALY PORKE, RIME, EfEREE R L.

(1) LR

Figure 36 (24 U &y ZHEL B ARERED L s B O KE, MBS L OEMERIPH 2~ L
7. Figure 37124V By 7 SERFOAMZ LIBI N 1.S5kg i LD 194 7 Lo L
AEOEE R LT

FV ey gl BAEHO LA LEd 5 & (Figure 36), AfiZi Lkl T,
B REBEDOREARME (53+5°) BA Yy 78 48+3°) DN LD HREL (p=0.078),
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Table 12 Right upper arm angle, elbow angle and sculling range depend on no load
and 1.5 kg load conditions for Excellent Group and Good Group

Excellent Group (n = 4) Good Group (n =6) Total(n = 10)
no load 1.5 kg no load 1.5 kg no load 1.5 kg
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Upper arm angle  max 48 3 50 6 53 5 55 5 51 5 53 6
(°) min 20 2 17 1+ 19 3 16 2 19 3# 16 2
range 27 4 * 33 5 35 4 39 4 32 5 37 5
Elbow angle max 141 6 144 9 147 12 146 8 145 11 145 9
(°) min 106 10 102 8 104 10 105 7 105 10 104 8
range 35 5 42 4 43 12 40 8 40 10 M7
Scull range max 115 4 110 7 112 10 112 12 113 8 111 10
(°) min 1 7 3 10 6 11 0 12 8 10 1 12
range 104 5 107 7 106 5 113 12 105 5 11 11

range: max — min, SD: standard diviations.

1: significant difference no load vs 1.5 kg load for Excellent Group, p < 0.05
*: significant difference Excellent Group vs Good Group with no load , p < 0.05
+. significant difference no load vs 1.5 kg load for Total swimmers, p < 0.01
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60 -
* *%
* p<0.05

50 ** p<0.01
40
Py
o
o> 30 -
[0}
©
2 mmax
2 20 (at outside)
<

mEmin
10 - (at inside)
max-min
(motion
0 range)
no load 1.5kg no load 1.5 kg no load 1.5kg
Excellent Group (n=4) Good Group (n=6) Total (n=10)
Figure 36 Maximum, minimum and motion range (max-min) of upper arm

angles during one support scull for Excellent Group and Good Group
under no load and 1.5 kg load conditions.
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ouT IN ouT
5 > >
__ 50
g wf K —
(@]
3 oz 2
s _
(@]
g * no load
10
0.5
50
C 50
()]
o ————— .
o)) 40} e
(]
©
L
()] \ _.-
< 20
N 1.5 kg load
10
0.5 Time(s)
Figure 37 Changes in upper arm angle during sculling for swimmer SE,

Excellent Group with no load and1.5 kg load.
Differences between min and max of upper arm angles under 1.5 kg load were

much larger.
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woMES BRERE (19+3°) AV ey 78 20+2°0) Lv/ha<, ZoRER, BRER
OBEFPHIIAEICKRE oz, 15kg ARMICEBWTHEBEZRIZA LN o723, BREED
FBRAV U Ey 7LD ERAERRENE W) FERROERIALNT-. ZhEXy, Vv
By ZHED LRl B AR TEES N TWD Z &R .

Figure 37 & 75 L 0D L 91, AV vy 7 SEEFITIMUADBAT R HEFFIZK 45-50°
DFKRAEZE 7R L, WRIOBAT R R ISK) 200D /Ml A R LTz, 72 BAERED 441280,
SMAIZAN DA L ATNVITRD & &, ERIAENRE K20, MBS~ E < ORFEIITH > 72,

10 & R oBAfT72 L e 1.5 kg AR 2 i3 2 &, 1.5 kg AT OR/NAE (16 £2°) 1%
A7 LOF/NMIE (19 £3°) K0 b FEINES o7z, F7o, BERMD 1.5 kg ARREA
AR LR K&Eho7e (15kg ARF37+5°, AffleL 32+5° p=0.053). 24 kb, Afr
DR D EJE OIMENELEFR S K E <20, ERAEI S35 Ebaol.

(2) MAE

Table 12 |27k L7 X 912, Afi/e LICIIT 5 10 4 FEIO L O Ji Bl /4 FE 1%, fe K fE 145 = 11°,
Fe/IME 105 £ 10°, EhEEPH 40 £ 10°CTh o 72, 1.5kg HITB W TH AR 2 Lk & IEIERER
OHAEG DT, FiE, BBTeda 100-145°OFFHATHAI L TRV, IAEOEERHITN
30-40°ThH o7, AV By 7EEL BRERH, BLOAMARLL 15 kg ARTORMIZ, £h
TNHEERZETIHR OGN TC.

Figure 38 IZA Y B 7 KNIERFOAMMR LIFE A By 7B HS #FO 1.5 kg Afif
RED AN — U THORBEDENER LTI, TU RnbA DA 2 AT VIR TN £
PBINESLK 7R, AT T RADT 7 b ADVRHERHZEA RN 2 T e, A O
i LB OESNEA V ADNET T R ADVEHTHSEIIEET, T EhbA 2 ~DA
Y AHVIRE TR 238 20 (JEdh L), 4 o7 U b~DT T kA )V TR I
RIEBINIIELS IgoTe (R LT).

10 4 D FE DRERSIE L E 725 &, Figure 38 FIO HS EFD L HIZ, 104D HH 34
DSSMAIFEAT IR i OO [ECHITC I 28 e AT LAMANZ I L2 3 B AN #E L T\ e, 622D
34095 240, IMUINZEL 2B BINAEMT 28 &2, A Lo X0 1.5 kg
AR TR VBRI R o7, £720o BAERE 24103, Zo#c8AmR Ll TiEsas
IR o723, 15 kg AR ThIhicabn/z. 2k, SMUBITRIE T, KiliiZst
LCHEE S, DFVAKEIZM»> TEEICKEZHFLTWSRENAH D ENRBIEINT.
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0.5 Time(s)
Figure 38 Changes in elbow angle during sculling for swimmer

KN, Excellent Group under no load and swimmer HS, Excellent Group
under 1.5 kg load. With a 1.5 kg load, the elbow angle of swimmer HS
was decreased at the outside transition phase.
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(3) AANnvv

Figure 39 {2 1.5 kg AffilficB T 54V v ¥y 78 SERFED | A 7 LTFDRT L L
VAt A R LTz, Table 12 38 X O Figure 39 \ZR L7 K 512, AR LREIZRIT 5 10 4
BIDAT N D0E, RMEDS 113 £8°, fe/MEAs 8+ 10°, EEHIPH (B Kl & i/ ME D7)
X105 £ 5°Tho7c. AV ey 7iEE BIRERH, BLOAMRL E 1.5 kg AfraE oM IC
BEEITIA LN T,

e DfEZEHD &, A LEEICBNT, ABARE - & IMUID & EIZ 2 403~ A F
ZEERL, FREFOLERER GifEm) LVBEAETAIL LTV £z, Blo 2 4l
SMEID & Z1Z 23-25°% R L, JEDT A > K720 FRITA U AHVITHIY o T,
LML, ZLOBRFIPMUDO L X 10°KH CThH o722 L2 b, [ REHIEROERE (FigEm) £ T
FH ANV LTWDLZ ENboT= (Figure 40). IO A B /ViZeE 90°LL EEZ R LIZZ &
MNH, FBORELY bRNIETHRERLTNDL I ERbhrol.

1.5 kg BATREICIS 1T 5 10 L P ORI 111 £ 10°, FHe/ME 1+ 12°, &EFHIE 111 + 11°
Tholz. fHxDEEHDE, bolbIMUDATIN L E 3 LB~ A T AEEZ R LHEKDOE
B (RigER) LVBRAETAIALL TN, TAOBRTENAMZ LRI L 1.5 kg AfTH
WAMICORMER NS SR AT NV IPREL role 2 e h, FOMELEEZ ST ET
PDNTWZ ERbhol. AHNVORMTIERE 90°LL AR L2 Z Enn, Afii/e Uik
FIERIZEORT L D SNIE THERLTWA Z ERbhote. 18I0 7 APREO L XD
RKERTZUNSLKRoleZ &b, DERLMDRLIZR>TND T ENRbrolz. DX
D, 1.5kg BMRELTIE, AW AVOMENDT TS 2 B RICHETTIZ 7 B LT,

(4) FEORERE - - TEAE

Table 13 (AU By 71 (n=4), BRAEHE (n=6), &EF (=10) OLBRDOFEHDE
Ji - WA, BiE - RIBAE, AikioREN - ESVEEO, foRME, fME, BifEEi Ok
KB &/ MED ) OFEfEE R LT

B0 L2 2 10 £ EH O FE O - B AL ORKME (FE e —27H) 1326+
7°, BoME (FEE—274E) 139+ 10°, B)EHIPHIZ35+15°TH o7, 1.5 kg Az
%10 A PR OHE E— 7 fEHiX 28 £5°, WHE— 7 fHIT-2+8°, BH{EHAIL30+8ThHh-oT-.
FV Uy 7L BRERE, BIOAMRLE 15 kg AMRBEOMICHAEETA LN RD -
7.
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S 100p internal external rotation
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2
< S0k
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05 Time(s)
Figure 39 Changes in sculling range during sculling for swimmer

SE, Excellent Group with 1.5 kg load. Range of shoulder external and
internal rotations indicate the sculling range.
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00
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\ ouT
W
113°
IN
Bottom View
Figure 40 Scull range during support scull.

The mean range for 10 swimmers with no load was
approximately 105°, from 8° outside to 113° inside.
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Table 13 Wrist angles of flexion (+), extension (—), radial (+) and ulnar (—) deviations,
and forearm angles of pronation (—) and supination (+) depend on no load and 1.5 kg load
conditions for Excellent Group and Good Group

Wrist Wrist Forearm
flexion(+) & extension(-) radial(+) & ulnar(-) deviation  pronation(-) & supination(+)
(°) (°) (°)
Right Right Right
max min  max-min max min  max-min max min  max-min

Excellent Group noload 22+8 -4+2 267 75 -33+11 40+15 125% 6 2+15 3320
(n=4) 1.5 kg 30+ 6 0x1 30x6 97 356 44+12 12611 510 3119

Good Group noload 28+ 5 -12+12 4015 14+4 -36+15 50+16 126+ 5 4+13 32+16
(n=6) 1.5 kg 26+3 -4+10 31+ 9 12+ 4 -31+8 43+6 125+6 10x19 25%20

Total noload 267 -9x10 35%15 11+ 5 -35+14 46+16 126+ 6 3+14 3318
(n=10) 1.5 kg 285 -2+x8 3038 1M1+6 -33+8 44+9 125+ 8 8+16 2720

The values are indicated as meanzstandard diviations.
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(5) FEORE - REAE

Table 13 (278 L7z & 912, AfiZe LiliicRl) % 10 4 FHOFH OB « RIEMAEORK
i (B —27fl) 13 11£5° f/ME (RIBE—2Z1H) 13-35+ 14°, BIERDHIT 46+ 16°TH
o7z, 15kg ARTREIC BV TR, BEE— 27T 11 +6°, RJEE— 27 HiX-33+8°, #fFd
1T 442 9°Clho7z. AU By s BEE BRER, BLOANARLLE 15ke AFREOMIC
AEEITIAONRD ST

FULE Y 78 SE BFRIIA L ABDALDR ha—7 JE THOTENCRERRLNTN, 4
IR, RIBEOBE I LA LA T FREENEE STz, ZO/MIE 1.5 kg A
RISV T B RO R CTh o7, )7, 4V vy 7§ HSEF L B UFEH KC#TF
D2 HIFA ANV TRIBOBE BEEL > TRE N7, MOBFORBEAHTH, Affk
LB LW 15 kg ARTERF O T TFE OB « RIEORREIIFEANZ L > Th7 b B> T,

(6) RIBEDEIN - [EI5 £ B

Table 13 (TR L7z & 918, Aiuldf&an, FSMREBICH o7z, AR LikEizsir 5 10 4
YBIORGBEEIZ O f KAE I 126 + 6°, He/IMEIE 3+ 14°, EMEHHIZ 33+ 18°TH 7. 1.5kg A
R T3V TIE 10 44 P KA 125 + 8°, dR/IMiE 8 + 16°, EWERIFH 27 + 200CTh o7, A
Uty 7L BIRER, BLOERR L& 15 kg AR OBICHE BT AR LN T-.
1 A 7N DOECZEHD &, Filiidfas, BISRNREIZSH o7z, Az Ll TITsMuE
ITIREICAS & TR RCRIZEL, NRIOBITRIEIC [ERGINQEIPA VR =N Ay
1.5 kg AR TIE, Afi/e LRAKIZHSRT, A Y ABLDOA Mo —27 JFEo & & oEst
MOEINNRDENE N DT NP lenoTz. DF D, K&ih, FEONRERTR, wIZ/MERR
ORDLNIREETAI L LT e, RIBATREICAS & EICAaMR L TEDTNImFO
FOOLARMIZHL A, 1.5kg AfTakiD & &12iE, WRIBATRED L EHFOULRH
% g 7 — VRO FFIZ N T,

(7) RAANRE—

Figure 41 |4V By 7B SE®EF L FM BFOAMR LB L 1.5 kg AfELIZIHIT 5
FHREFEDRAINNE = Zm LTc., Al LI TIRIE & AL OBRFERIMAIO A3 K &
WRE 8 OF &2, 1.5 kg AMRELIZIIT 2 A BN RE = FSMAIDOF AR08 0 KEVHE S
DFH L ATRRIR R > T E o L < B ARz,
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m No load “ 1.5 kg load
0.4 0. 0]
0.3 -0)./ 0@ 0| , P
’ 0.2 ’ 0
0.1 Swimmer SE o Swimmer SE
0lzy 0] 0.2 (3 (v - U 0 0.2 0.4 U.b
0.5 X
0.4 o ™ d
2
0.3 y
z . z .
Front View
o Swimmer FM Swimmer FM
0 - ) o2 7 om = 0.2 0 0.2 0.4 U.6 m
— Sculling pattern of middle fingertip
= Sculling pattern of wrist
Figure 41 Front view sculling patterns of right middle fingertip and right

wrist for Excellent Group swimmers under no load and 1.5 kg load
conditions. Sculling pattern with no load is a slanting sideways figure of eight.
Sculling pattern with a 1.5 kg weight is a slanting sharp-pointed figure like a
drop shape for swimmer SE, and larger out circle for swimmer FM.
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(8) RAHNEA L, AHNEE

AR LR CORAD = 7 (FF) O 10 4O 1A 7 VKL 0.69+0.04s TH
ol A ATNVIEE, TV RADVREIZSTD L, A ABVEEIF031+£0.02s (1
A 7D DEIE 449%), T U N AN VEE 0.39+0.03s (56.5%) ThHol-.

1.5 kg AfFRSIZB W T, W 1 YA 7 VR 0.68 £0.06s, f > AL /VRIE, 77 b
ATDVIRENZ T CRIET 2 &, A > 2B VEIH0.30+0.03 s (1 9 27 /W25 D EIA 44.1%),
T U b AAIVET 038 £ 0.05 s (55.9%) Tholo. A ABNVFEET U b AAIVIEHEIL2
L TIERLS, AVABNVREITPNDLERED &7 U R AIVIEEIZD) DR O D3 E
Moz, Afe Likik & 1.5 kg AT OIS, AV vy 7HtE BARERHOMBICAE R ZE
(7N (WA ISV

A LB 54 Y v By 78 SERFOFIHL L FEHO 3 ot EL{b% Figure 42
R L7z, Al Lk & 1.5 kg AW TFRE L FEroEL L, b6 bHE
LToHERA b N Z — & om Lic., SMUBAT R X OWRIBATRE OFOm & Ou) Y Bz 0
L&, HENHEY, A b= REOBEFTMEHEL TN\, £ AN ET T KA NLT
BipoloDlx, y WhlhmoOmEEIN, £ AANED T T N ADNVRFICHEICRE o7
ZLETHS.

514 B

TV ey 7FEO A BREFEICH_TEES A TWEZ & XY, A Hidhz EE
LTCAANTLOREELVWEEZON. MEBEET DI LT, XREHNSR/NTEA
—EEPITADDT, KV RERNEDROICHRET LN TE S, FRIZ Bz #E)S
RO THE R OBE Zi/NRIZI A S, BBOLEWNETZ LIZon%. 77 v b
AHMZBNT HRBROFERDIRENTZZ &G, L MEBNI 2N TAINLTH L
WEAD =V 7 OBEOHEMHREH S L W2 5. %< DFFEZE (DeNegri and McGowan, 2005;
A, 1992 4:F1F 7>, 1979; Tk, 1986 ; Synchro Canada, 2002; B A H AKIKES, 2005; X
F],1993) 1, ERiEMZEE L TAAINLTLZENRBRILNATEY, KRR CITEI 2 RN
FHRERES. AR, D, PBR— b2 IME, MEIEE LR RESEETH
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Red lines : x axis
Green lines : y axis
Blue lines : z axis
Black lines : resultant velocity
Figure 42 Changes in velocity of right wrist and fingertip during

sculling for Excellent Group, swimmer SE with no load.
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D, JEOANFENFEEBIC X o THIBET/AEZ A DAL T HHITH D ERPATE 5.

ORI L Gray (1993) ICL D EMICTL—T TN —Y 2138 & U & & 5. Zielinski
(2001¢c) (X, 68 A » FHENLEENTZ L ZAINEZIBS LHBNTND . AAFSE TIEH A7
OO OREZHIE L T RN, BIEZHERT 5 2 LT TE RV, T/ AR/ 2001250 s
LTS ZENBEITOTNCEED BRE L 7A@ TED RV K 91295 2 & it Esl
RELTREBEEND.

X, A= MR BAH, 1000 () 235 145° (7 b) OFPHTHE L Tz, »w<
O OFFEZE (Lundholm and Ruggieri, 1979 ; 112>, 1979 ; [XF], 1984, 1990, 1993 ) 21,
YPR— b ABNVOENKRA > N E LTHEZ 90CICHIF CAL—Y v 7925 2 &R 6T
WD, ABFIECIIT DM OMBEEIT 10008 W KEL, R TI45°ICHET L 2 ERH LML
72 57-. Rybuyakovaeral (1991) 1ZHR— F 2 B0 2 WILEHESHT 21T\, BdHE DD
AL 112-150°CTh o772 Z &2 HAE L TR, AR IIEREEHMLETH -7,

7, M, T RRSA ADA U ABARETEML, A NET T EADT T kR
TVIRETHE LT\, —F, EREA o A DVREBICHEISGESE, 7Y R ABE
TR E AR B S5 HF IO T ICEIN TV, MDA & i A E O )3
BLTWDHZEND, 7Y MADVRBETIE, EHIMET50IC8bE T2 MESE, #
BEOKF-Z > TND Z LRSS,

TFHOERE, WEOEND, VAR— NIV, FENKECREI LTS O
TIE L, FEKREAPLDTPRERZHESTAAINLLTWD Z ERbnrole. FEH OB
Ji, RUBIZOWTIHEANEZNKRE DT, BADBA AN TRIE ChMERED ~OB) X 25
Mo TRKRENSTZ, THHDOERTFTIX, AV ANVRERIZTENL A=)V TEEE ) —
FLTWDZENRMRIND. LNLEZEORFERFE OB, RIEDN/NEho72Z &nn b,
A VANNVERFZRORFLEDN GV — R T 5 TREZ O, FEHEZLE BICAAIZET
TES, il Taa=y MITDEETAI LT D Z ENEFREFH AL TR ON5.

PAR— b AT AHE, KA, AiBEOESDTER LS, FIMERZEO T ~OF Y BT T7REE
TAHNLLTWE. LD, 7Y RAGADA 1 —27 B CHROEISSERA A D 003
MHITh o7, Zhux, Al L OCFOUDLI, HERDIZAZFLETAILLELD &
TR DOUROBE LR D,

A7 LRHICB T 5 FREFEOADNNRE =1L, 1LV EDREREL 8 OFAHi
723, 8 OFOMIINAOM N /NS AMUDH R K E Do 72. 1.5 kg Afialiicis T 5 A1
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IRE =AM D393 72 0 REVHE 8 DF b L TR R - 72 Bim & o L3 < R AHE
. 22 EnD, SMUBITRE CIEFOME 228 220 6KIE; MK MTE#E R AL
ZENBEIN, KEDMEAMEZRFFT272OICHNEFHAL TNWD Z LRI,
LINTEB O L CEEICEAET HEWVI RN DB XD &, B E R HIFEMITHE
EIEDTHOITIT2 2OMOREIZFELL L, MO8 DFRZH < OB TH 5.
BEOFHEEM (FF % 90°4MES EFOODL ZIRIHIT 5 K 5 IZHiZ 9004k L 77 #)
ity bL, ZOMENORTEEAICHECAINTHERELEIISATAAILTEDLDT
NI UADENT A DFRAHE Z Nl SND. L, B 90 s, £
DNLIE % FEEICHTZIC A IV 5 2 &%, Ail~0#E (NHE) I1ZFRETH 5208, %I ~D
XTI 52 DEOHE & RIBO RIS & LD T LR b lanie e, RPN & 5.
BT, DB TRIBREEINS S AANVT LT TIE 072 Eh~OfEN 2155
LW TE WY, FETITHAEE LT W HIEOE SRTOFEH TA DL L TWD DT
LEZOND. Tz, BREROTLREZIOMMNLRLEE 8 OFE/ITNAIOR 7o L <M
EHES ONEBRET L L, KOS (12) iz ADL LieE &, WEIEIHICKD
Te O HRERO BN ER DT PICHIFICT R TERBONT AR Y 35D, TED
FITHERLSFOOLEUD KLU TR MIZAD L LE D ET 500 TlEennEEZEILoNn5.
ZLT, TV MOLEEPWNLELICHNTHEROERMIEST 2O TESNLZEL, HHIZT
TR RVHEE ) %, ZELIZT U FOLEITHB I ELTHDDOTIERWNMNEHERETE
. ZOZEEWHLNITDITE, AAVOEDRE CHIEN ZRKICEEL THDH00%E
FART 47 AT DLERD D,

Francis and Smith (1982) %, > 7 A XRKAAL IV TR F ¥ o D7 L—r
FE (I L) TOVR— b 2B ABIEICET 5 A% LIEO#EZ 2 WoTEig S Hr LT-.
ZORER, A=V 7 FH AR RN EZ LT TNDZE, TU FAIINEA
VAR B 2 MARBAT R X ERE T R O8) & D72 OHTIIOBEERA K E WA, 1FIEK
FEHENZAT N LTWD A br—7 J(EIFGHOERBRORE N L 2R Lz, AR v
— BRI K MELE (WHzE L) THEBRZAT-727%, Francis and Smith (1982) D7RI2
THRME—F L. &5IC, Francis and Smith (1982) 1X[F UHFFEDH T, B 139 A —
FAZATND T O R B NTEHDEZRM L THERZ R L TWD EffimIT T d.
AR TIERFRTY — PNV THY, FROADNNZ =R LIeZ &b, B
LU KD HEN T IEDBEWIIIA LN TIE R o 7y, Mt mosig bie < LLEME

118



FHS5E YR—NAIL
5.1 WRZEERE 2-1 : FEER 3

T I-OIIIB N 2R LLFIAL, —EOHENEZRBE LTI ENEETHDL LWV
5.

AFNVEA LDOFERIL, A L ADNVFEICOPAHRERE D &7 7 AU VREIZ D)5 R
MOGHREL, WMEEAHETIIRNo7-. Fhe FEoREZE, BITRE TOFOm
EOUVEZDOEEHENFHED, A br—YFHEOEPTMEL TWe., 2L T, X
ANET T NAINELEET D E, T NAAVRHT y BHIE (+) RO RSP K E )
o, ZOZ LRV, TUNAANVEETFEHEORIGITIHLH LR SR 2B LT
WHZENHERESND.

Hall (1996) 1%, 7AU WL rmab A RARAAL I T FaFAF—n34 (1996 7 k
FGURFV LY I EAL Y AN DU L—EE (%) L EEES (ML) K
DY R— h AU VEWEL 3RGEDLT IEIC T L, $ X TORERT L— B8 LY b EE
REFEOA ha— T WA T VEA LPNENSTZ 00, WHZE ERFIZIZA he—27 O
EHIMEED 2 EEHE LTS, RIFETIE, A2 LOEERBTOAI VL A LT 0.68
s, 1.5kg AL 0.69s TH Y, AMOENTHEREITALNR -T2, K (2000a) (2
£B &, 7 L= B (% L) a0k EREANIT 6.6 kef, MWELS (M L)
HEAL DK ERFEARIT 14.8 kgf T, MZE LRI S LD 22 (o EARN 2 X LA
FhER s ERRESN TS, iz, Hall (1996) OB T TMEE I & Mz
L OREAMDZENIEFIZIRENTZD AN NS A DEORHRDILTEN, RAFE T AR O
EN1S5kg EINEDSTZTZOENRHELNRNSTobDEEZLND.

AHNL DL, HIROBEREN L HIKORIOE DT A > X0 NEIOK 1100 TTH - 7-.
Zielinski (2001b) 1%, AH /L PITHEROBEMN HRTFIZ 60° HWVWETTH D &k~ T
W, AFFAERITIFIEZ D 2 DA DNV P %R LTz, RN 72 - 72 B2, Zielinski
DBELICEFIIT AV IO My T 7 7@ FTHY, RFEOMGIIAREFETH T2
W, RIBEOEWNILDHRERE, TALICHBEINOIMEAMOBEVEEZZ bNDH. AARRE
FIZBW T Z TE 5720 @m < K LEIZRFFT 572012, [JRWA AV L P TRE I fitE
NERET D2 ENRUBERONE LRV, 5%, LIt EZER, & o b bt RE
RO L NAD VLV AT VENDD.

BRI 2 51250 T, JEDIME - NEREE) DN KRE <20, AR L LY b ERsSe
T ol F, AMUBATIRERHII AL /NS <720, KESAICEREIZKZ T8 &
DBl ST, S HIAMIOBATRE CFEG LBl 282 Mb o7, ZO4Mil
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DBATRE TOFEORKNEMITARG R LRKTIIR 6N o7z, Z LT, AMPHEZD
&, SAOHDBNTR Y REVH 8 DFEITNRDO RS T2 M E D LT BD AT R g —
ZHEE, PR DOREVHEEN 2T D X5 RBIEABAEL TV, ZAbDZ LT
1.5 kg & WO DT NRMEAMOIENTH > T, IMUBITRE TE Y RE QU2 5T

L RBE 2 EDRTNE, TOWMHEAMEZRFF TSRV EAHEIND. KEICHD
MEAMIIAL— U TEEIET CREINDHE ) TR TV DA, DT RAR D
BThHoTh, b, M, FEOBHEEZEIMEEDLIEREREEN DL Z LR bhoT.
YA — N AT VTS 2 BESCEIFZE T HIiR~72 X 912, 1960 FHARUZT A U 1 OFFFDHEE FI
BEERRICE L CWoBE 2 a—FRERL, EESELEBEETHL L VbR TnD
YR— RZAINET 7 BT A X RAL 22 T LS OEE TR LR WVEIETH 5 72 OiF
TERRE SND Z RPN, Sk, WIKTFHNHEED 2+ 2 2 & T BIED T R—
R A B VENE & B DIEONLE TO A D VEENFT-ICERE N0 E LIV,
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52 BHZEBRFEIOBWVWERFOVR— MR NVEHME
(W72 iR RE 2-2 : 5k 4]

521 BHY

AWz, —Wi v aFt A X RAAL I U TRFL I, TE LB OEVETE
EIRVEFEDO R — N A NVEVWERZ L, TR— F A LA ILDOEVIETFOEED FiE
MO RSB S 2L T2 2L L.

522 FHiE

(1) #HBE
TFZe3RE 12 B 2 LRI LR E (v 7 at A X RAA I U 7 HARERT 11 4, 205
£20 %) ThHotz. HRE 11 L OHEREEIL, &K 1.61 £0.05m, A5 52.8 +3.9 kg, Bod Pod

(Life Measurement, Inc. USA) % V7= BB HATEIC L D RIEII3RIT 233 £2.5% Th - 7-.

(2) BEXREREROLE

AL TIEL 11 44 Z AR 70 BB R SR FFRE /I Lo TRE BN i L7z, BT, EEEK
KUREAAREFRBFRERTEBEINTA—T 1y bDH b, WELZBREEFT X b O
BEL LT, BESTEININAN—T 4 vy MINV—T 1 VIEBGZATICHNE 7o e
EEATCT 4 F 27 ORERB O S, ERFHRICL >~ TREShZ. v —T 1k
v NOFRED 5 LD 1 DIFMELAEZOY T 15 BRRREL, TOXRBERo7-F FEEL
FIABREITH ENVIHEDT, YR—MABNVAXNVNENRTHT AN THoT2. ZORELE
BMERFT A FOESEND, 11 AOFTIAL, 2 MOWERE A, B & FArEE (Excellent Group),
10 A7, 11 pLO#ERTE 1, K % FALEE (Good Group) & L C/H3¥E L7 (Table 14).

(3) A
SHETE L L EEEACTOFFE— N 2O E 10 BRThE . TX AP EVIE Y
KELESEDLLEICAIALTHEIERL. BEEESIIFINA S 72 A4 A RAA
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Table 14 Body composition and support scull skill levels of swimmers

All swimmers Excellent Group Good Group

(n=11) A B J K

Age (vr.) 20.6+1.8 23 20 18 20
Body Height ~ (m) 1.61 £ 0.05 1.67 1.60 1.57 1.73
Body Weight  (kg) 52.8 3.9 58.7 49.9 53.0 60.9
% body fat (%) 23.3+25 26.7 22.7 251 24.2
LBM (kg) 404 +£2.5 43.0 38.6 39.7 46.2
Dominant hand right right right right

Results of National Team Selection

Score of Vertical

Position Test* (points) 20.072+0.556 21.268 20.644 19.652 19.136

(Rank) 1st 2nd 10th 11th

* Vertical position test in National Team selection reflected support scull skill.
The values of All swimmers are indicated as meanzstandard diviations.

122



Fs5EwE O HR—BMADIL
5.2 WRIEEREE 2-2 : FEBr 4

> 7 v—/L (FINA, 2005) TIRDO XS ITHES TN D.
EHERA
- BRI, BHAE RIS U A i K S TR AT
CEH (RRICH), M, REiE—EsL.

(4) s
Figure 43 (ZHEEBRMERMN 2R L7z, 271k, OWTESVIEERE 12« 2R 2 LRRTH

> 7.

(5) #rE A
YA — b ADNVBEIIREES Ch 570, ZE LIERETO 1 ¥4 7 VDB 554

EL. YR=FRBLD 1 A7 VORNMl (MERHFAEOFTH - L bIES<EIA) &
FAshR & LToHr Lz,

SOPTEBIIUTIORLIEERBY THoTz.

Figure 44 (ZA N VAV EDEFR 2R LT,

1) ks Ela &R OF & Kiis T2 55558859 o7 .

2) A Al & EfaoD 7294,

3) FEEM - HEMAE FREFOERE (+) - HFE ) AE.

4) FERE - BHEA R FREFORE (+) - BEE (o) AHE.

5) HilamIsh A R FEHOREE Y OME. FiROESE. FOO S 3 NMHIZ W
WTIRFEAS 0°, /KIS (BEDJT) Z iz & &A% 90°.

6) HZH HEER TR T D FOOD DAL,

7) AINEA N 1 WA 7 AT h Do T2 IRE.

8) AWK — 1 YA 7 A OFOEES. BT DT INSIHRIZAT NS

9)

AHN LY

— Y EHIROIEHEN DB TZ AT NS — 2 Z 50T LTz,

1 YA 7V TFRENN A FEHIE. TH DOSMERA & NTER i
T, OGP A R T, BEER & LIEEO Xy
e MNTHEZRE. xy FE L Okl ([Z&EShE-
FHT PV ERER TR, FRoIEE (5 ORD 12T
D& DARREDY 0°, HIDSME, —ZSBE. +90°2 A D & F
BDEELOVEZEAETAINLL TSI EERT.
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Figure 43 Schematic diagram of experimental set-up at present
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water surface

Scull plane angle Scull plane angle

Figure 44 Definition of scull plane angles.

Scull plane angles mean the angles between the water surface
and the planes drawn by the wrists from/to In to/from Out during
one support scull cycle.
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10) A7 VS iE 4 FE BNz &K & D7 A,
T RAINEAL ATV TTFERN T FmE, Kme o
72y % T LTz (Figure 44) .

11) Kifis1& K & KiisT () OB

(6) #tFtins
AW OT —21%, 11 LOFEfE, & L <IX AL (Excellent Group), Az (Good

Group) DZIENDF-EIE HFEHEF A TR L. 2548 O KAE & e/ IME 0O 7 % Bh{EREPH &
L7z, BRCBT 2803 A G O i E iz, KRB L R— AL AF L E DR
2 BT 572018, RIENER & RELRB R OMBGEEE RO, BEEEABORS L
PR— R ATV AFNEDOBEL L7202, EE RO KT S A4 LYE & SR
TRFFRET) & OHBIRE AR DT, BEKEIT 5%ICFE L.

523 FER

(1) BEBELIR—FRIAIALRFL L OBEEG
11 2 DRIENG 2R & T B BV EFRE 1 OB AHBERIRIZER O b e o 7=,

(2) EELRBOEI LY R—FRAIALAFLEOBEGR
11 4 DOKEETFE (EAEHE) 137 024+0.04m Thotl-. Kisim L BEE LB EGE

HOEIHBIBIRITIRD b e oz,

(3) LEBEAEE, FARKE, ALY
Table 15 (2 LAZEE 2 40 & TALHE 240, BROEET 11 A0 ERAKE, AL, 2001

V%R LTn. R O R K, /MBS X OB ERPHIT EALBES FTAREL 0 KRE Do T,
(4) FEOEE - HTE, RIE - #BE, AioENAE
Figure 45 (& EAZRED A BT & DO KIEFO, YiR— F 2V 1 A 7 AP OFEDE

JiE - I L ORIBE OIS DL b AR LT,
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Upper arm and elbow angles and scull range during one support scull

cycle performed by swimmers with excellent and good sculling skills

Excellent Group Good Group All swimmers
(n=2) (n=2) (n=11)
Upper Arm Angles max L 43 33 40 + 6
(°) R 41 37 41 £ 6
min L 16 10 1+ 3
R 10 10 10 £ 2
range L 28 23 29 + 6
R 31 27 31 £ 6
Elbow Angles max L 152 145 148 = 9
(°) R 147 139 147 + 7
min L 118 119 116 £+ 8
R 119 118 115 = 10
range L 33 26 33 £+ 10
R 28 21 32 + 12
Scull Range max L 81 65 78 £ 12
(°) R 87 58 80 + 15
min L -20 -16 -22 + 8
R -19 -26 -20 £ 7
range L 100 81 99 + 12
R 106 84 99 + 12
max: maximal angle, min: minimal angle
range: Difference between maximal angle and minimal angle, L: left, R: right

The values of all swimmers are meanzstandard diviations.
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Figure 45 Changes in angles of wrist flexion and extension and of forearm
supination during one support scull cycle performed by Japanese National Team
swimmers A and K with excellent and good skills, respectively. Horizontal axis
indicates %time of one support scull cycle (100%).
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ORI A=V U7 DR, e T NI FE 2R LIREE (-2 - -35°) ZfRFFL
ThY, BRGEOEBMEIIHLNRN>To. TAHED JEF L KEFTL, NUBITRE T
TOREENRZ DI, K 149°OEED H-21°0OJE £ TOHPMA CFEREHN TV,

Figure 45 (2R3 X 918, AIEORIZMVEEEILT 7 M ALV THEINL, A > ATV TR Lz,
ERIRED A BT OEISAFE O AB LA 143°, 47 133°, Ho/IMIEIELA 16°, £i21°Th o7z, T
fLRED KBFIL, AR 112°, 4 1310, f/MERE 11°, £-8° Tho7o. TALREEO )T
EKIBFIX, A AANDELEZESBEAD L (B ORAMENR/NS L), EINFR~OKE
RENEDHRONIZZ LRI Th o 7.

FE ORI - BRI AT 11 BFRICBAE 2T D h o To. S RUE A I3/ 25 + 89,
F32+9°, FHIBRAEIIA-15£5°, £ —14£5°Tho7z. TRTOREFIZBWNT, 77 bk
AHNDEEZOTNIBEE L, SMUBITRIENS A L ADN0 & ZTMEF~FEEZR
G RRAY UL oY s

(5) HxA

Figure 46 (& EAZRED A T & TAED KIEFO, YiR— F 20 1 A 7O A0
Zbx R LTz, ABEF, BEFE , K&EF JERFOFOHAIAL, IMIBITRE TR XLE
80°4 /R L7z, AETE, JIETF, KEFI, AUBITRE TIEAODTNRADAZANSE
Nic. A be—7Fmd, ABRFOLFOHEXMAITH 200C—EIRT, AH—U 7 H
DOANZAOEAN O LNTH -T2, BERFOMXAIIT U b AT VK 10-40°, A AL
IKE 20—40°, JBRFIT U b EA U DOMWH DA, K 20-30°, K BEFIT U bRV

30-40° , A > AJIJVEE 30-50°% 7~ L7z,

(6) AANINE—

Figure 471X LAZ#ED AJETF, BIEF L THO JETF, KEFO, | A 7 VP OER)
DI ATI NS — 2 Zex LTz, Figure 48 [ RN BT AT NN E — v Zor Lo, [EHED
DIRTCATI NN — 0%, ABFL KEFINMORSTZFEMELHE, BiTFL JIEFIX
SMUD AR EVE 8 DF AR, ABRTFE BEFIIHEOHITFOME 2LXHBD
T RAINAONEHLY, ZIEKETHoT. —FH, JEFE K®ERL 7Y MAILD
NEH LBSRRCEREIZIT W~ A BV LT .

Figure 48 |2k T L 912, EFMORIZABANRE — 0%, 44 & & MR8 8 DT 44
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Changes in attack angles of hands during one support scull cycle

performed by Japanese National Team swimmers A and K with excellent and

good skills, respectively.
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Figure 47 Front view of scull patterns of left and right hands during one

support scull cycle performed by Japanese National Team swimmers A and B
(Excellent Group) and swimmers J and K (Good Group). Swimmers B and K
drew a slanting sideways figures of eight and swimmers A and J drew inside
sharply pointed figure like a drop shape.
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Figure 48 Bottom view of scull patterns of left and right hands during one

support scull cycle performed by Japanese National Team swimmers A and B
(Excellent Group) and swimmers J and K (Good Group).Average scull ranges
were L 100°, R 106° for Excellent Group and L 81°, R 84° for Good Group.
Excellent Group had 19-21% larger scull range than Good Group had.
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Wiz, ATRT L BERTFIIHEROFINHIZIEEAE TEADLLTEY, 1/4 HEH#NTWDLD
NREETHo7=. —F, TEFLE KERIZEME TRAIALETIN, FEROFINLEIDINET
DI Z Hi TNz,

(7) RNV

Figure 48 7O b 005D X912, EBEOFEA VL D0E, £ 100° 45 106°, FALEE
DFEFUTL 81°, £584°T, FMBEDTHT N 1921% RKENVAI NV L TV ERLTZ. EABEORK
JRAMES LT E 81°, A 87°, I/INEWREMEITLE 200, 4 -19°Th o7, FAEHITIZEN
Zh, IR 650, A58, FhiE —16°, A 26°Th oo, BRI TARRCHARD L, JH
DR E I2IMEZ ORI A H RO B E CEI LT,

(8) RAANFHEAE

ERTF 114, bR 24, BEXOTNE 240 1A 7 AVHORINVEEAE (FER
iz &K & D723 f4) % Table 16 (2R Lz, BALBEOA & A2D A T3 V4 FE I T AL
BEICHEHZ LT 28-39%/ N & o Tz,

(9) RANEA L

Figure 49 (T EAZEE & TALBED | A Z VD AT NE A LEs Lo, EACERITA 0.63 s, /i
0.64 s, FALEEITA 0.62s, /& 0.58 s ThHhotz. MBI ALY LA NLZT A ARED -
oo Fi2, 1 YA TNVDT T RADNVEAL U AINOEGERD E, EAEIEA ATV K
DHT T RAIIVIZRWREED D> Te (52%) DL, TAEEHIT 7 R AT LD 45
—48% TA A IV LV b E M- T,

524 EE

AW TITFHE N SRR 2 BEESRFEN L Lz, BFHEOERBLAEIES, &
T, BRAORITHoT-Z D, PAR—MADNVAF VI REBEFE SRR D &b
R, WEOMICEEIZA LN T, 81 2 1153 HEEROZZREOI N ik
N7z, &Skl B BARERS O KIENALE TRl SV CWA 728, KEZHER &
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Table 16 Scull plane angles to the water surface during one support scull cycle
performed by swimmer with excellent and good sculling skills

Excellent Group  Good Group All swimmers

(n=2) (n=2) (n= 11)
Right  Out scull . 15 21 17+ 4
In scull (*) 12 19 165
Left  Out scull . 16 26 18 +
In scull () 15 22 16+ 6

Scull plane angles are the angles between the water surface and the planes drawn by the wrists.
Out-scull is scull from inside to outward and In-scull is scull from outside to inward. The values of
All swimmers are indicated as meanzstandard diviations.
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[ |In-Out (Out-scull phase) [JOut-In (In-scull
g Right 0.33 (52%) 0.30 (48%)
G}
|
o)
3
5 Left 0.33 (52%) 0.31(48%)
o Right 0.28 (45%) 0.34 (55%)
9
C—
el
3
O Left 028 (48%) 0.30 (52%)
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70
Time(s)
Figure 49 Sculling cycle time during one support scull cycle performed

by Japanese National Team with excellent and good skills. Out-scull phase
was longer for swimmers with excellent (52%), than with good (45-48%)

skills.
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NETFIENDPE W) REEFRE LD bK B ER ST HOR S DFH B AF V& DRRN & LD
nb L. A%, BEEBROGI ZoMT2571EL LT, HREDTEZ 100%L L7z
G OM%AKE FIZ EARSTWD DD, 2D WITBON & 2 I E g KmE i B
STWDLDNERETTHMERH DL EZZ 6T, EHIT, PR— FADILAF L L KEET
& ORICERRB A LN o T2 OE R & LT, RIFFEDORGE OBt L~V 38 LT
BY, HEH EABERBERSEDONRNSTOTE RN EEZEZ BN,

AFEOFER, —MEBFOHRTHR—FNAD VA ANIEFITENTND (EALEE
Excellent Group) BT & ZN LV L0008 > TV D (FALEE - Good Group) 3T O ENED FFK
Z Table 17T DX HIZELHDHZILENTED.

B NS BT AT RE—AFNBIO R 5 7- LT B E MO oK & Wi 8 074
iz, ZAFABRIFEFEITENL TV L EFIIANOBITRE THERS FOOLOME 2] 2
Z, WA ANCIZIEACECHIBEZ B2 L T\ 2, X HIZ, AU FHEAEOREREND,
HEIZAXFAPMEN TVWDRFIIAD—V FOM, LV AKFEHFMCFZ2E7»LTEY, Hall
(1996) DAL L[ —Th o7, Hallld 7 AU rmF A XARARAL IV T FvaF s
—A534 (19967 R T HFV By 7 EAXY AR) OF L— o EE L RELRBR O YR
— N AAVEMERZ 3RIEDLTIEIC T L. £ LT, oL b AX L OREWERFOHIBD
ACEEICRTT D AN, Mo 2 BFELD /NI o72Z L E2W 6N L TWD. £z, Hall
(1985) 1%, AW —V > 7 OHEHAZ BRI L, RAO2EE L LEEEERT D X
O RGN DETE N DT OIFH BN R F L ROBALLRFFT D2 &, BIXOYI3E
DFFENIKDOHF TENA DV LIZEICH L TERETHDH Z ENOLAKFEIZAT LT H T ENE
HCThDH, LLTWD. Z0—JT, FiE (2005) 1ZbT0RERE bR A IR —7
m (i A ~e—2 @A () OFEIE TN OFRIZRD XD IRAT NN —)
MEBREZESEDLDICHDTH L LRRTND. 2L, EHEOBF IO AT 50
THFTICRE LT WE WS B CTh 5. RO RIZBN TS, AWV FEAEILE
BIZAETIEH RS DTLRERBONTNZZ D, BEMFHEROICEEL TWDI AT —
Vo TEBE LAV U TREICOLDEEZEZLND. T LD, HR—F
ATV ATV DIEFIENTNDRFILT U F ABNVRHT TE ST AKRFELG AT NT S
LT, SREFMASOBEREL, NEOBRWAA N E L TN ERNRBEIND.

FWFIEDORER, YR — B ANV AXFNVOIEFICENLTWDRFIIAL—Y 7 O/, &k
RO R E BN R B FOOS ZKIEIZAT 2 K512 LTz, 20X 9 RESNOERT,
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excellent and good sculling skills
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Key differences in support scull techniques between swimmers with

Excellent Group

Good Group

Wrist extension & flexion

Forearm supination

Attack angles of hands

Scull patterns

Scull plane angles

Scull ranges

Scull cycle time

Small extension throughout scull

Hands keep facing bottom throughout
sculling with large and small supination on
out-scull and in-scull, respectively

Smaller attack angles (10-40°) during stroke
phases
80° at outside transition phases

Inside sharp-pointed ellipse or larger out
circle of sideways figure eight

Smaller scull plane angles
Horizontal orientation at first part of out-scull

Larger scull range (traced 1/4 circle)

Longer scull cycle time on out-scull phase

Flexion at the last part of in-scull phase

Hands rotated to nearly vertical with
pronation on in-scull

Larger attack angles (20-50°) during stroke
phases
80° at the outside transition phases

Inside sharp-pointed ellipse or larger out
circle of sideways figure eight

Larger scull plane angles
Vertical orientation at first part of out-scull

Smaller scull range

Longer scull cycle time on in-scull phase
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B 7oz fAEEATHNDDOEEEZ B %, Hall (1985) OGO EICHR S vl fird &
ZiE, EENRFOAXAPNLETHD Z LBBRRONTNDIRZEDH[EICONTIEfA D
TV, KRBT A R—FAIALAZADE - & HENATHWAIRFOIZ AT,
AVABNET T RAINOWETTOA ~a—7 [ 200, AFEERE 1-1 : EBR 1 o>
7 v M AT VENERE L [AERDIEZ R LT, Tto (2006) 1%, AH—VU » ZROFOOSIBIKRIC
DWW THFEFHDO B ZAE > THHN 2RO, mRRKFEHWEZELHTRELRFOOLBRITREZ
B CHRZCAVEEIR (B oMl ThL 2L, TOLEDHZMAIL 47-55°Th o= &
ZHI L Uiz, AR TR LN A b a—7 {0 2 /4135 20-40°O#iPH T, Tto (2006)
DRLICAZA LY b/ E D oTc. MNPEFRIREBICSET 2720120%, D & biEEB%
%, Bk EORE) O 6 fFLL FEERGE LT ud7e 572\ (Ellington, 1995) &\ i T
W5, A=V T OHREIE, FOROEER S MCHEENFEICELTRBY, EFIREEIC
BELTWVD EIEEWEE. Berger ef al. (1999) 1%, EFIREZATRE L B OHELE S 58T
il AT R L0 K 17%08/ Gl L CvD 2 & A5 L T Y, Lauder and Dabnichki (2005)
LD RMRZ R LTS, 51, AH—V v 7 OEBEOE) X T WIEEFIRHE TOHELE /)
GRS EZATHS.

wITE, BRHRORISHT (Wang, 2000) 2»bfbNIFEFHEGRAZIGH LT, FHHM
T OHEN 2 ERL LD LTl A ThI T % (Matsuuchi ef al., 2004; Kamata ef al.,
2006) . Kamata etal (2006) | PIV i% (particle image velocimetry method) % VT A A —V
RO RE L, KEDKEZ TR LRV MDY =y Mz AESE T\ Z
EEMBMNE LI, LT, A=V 70, WMEYzy MRICE > THDZAEALH L T
L LR L TWD. Kamataetal. (2006) DRRIIANY a7 2 O0LET T4 v v afii L imnd
N Z2FTND LV G (2005) ORMEERI—TH L. RS, #kE (2006) 1%, TmHE
ALl G O TN LIz A — U T RO FOHEZ A% 5047 L, e/ MEK 40-45°,
e RAEAK) 60-65° CHKE DL IR AZELSERNBOEAI L L TNDHZ LEPLMNE L.
Z LT, MIhOKENEZ 5DITH 40-60°Th D LB 2 b, M ABRKE 72588 7
DOEFFITMT TIRAIWZCHZ AZEKRIE, FHPOIMADHBEL, WEERIETNDHZ
EEEXIEDTE. A=V 7BV TE, FEELOEEENTOTIERL, HRaIitHlz
AEBENISEDLZLICE > TMZERRSEDZ ENEETHL LRI TND. IHIZ, AH
— U U TRICIEIANTORAA N = AL TR KL D72 THREEN) BIEEHR LTl &
Nh, A=V U TRIIFENOBERENRKRE NI L EZRB LTS, ARIFRIE, HHR—
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AHNVAFNLDE S & BENTRFVAZ AL 20O LN E TN E W) A THH O
FER LI LR, RIFRTHONER b e —7 JFEicB T 582 I3 20-40°CTRE L T
BY, TAUISKHORE LV E/NSWETH 7. ZTOEWIE, SHEH ORI T & OKFE
LBEATIEHDO FTOAN—I 7 ThY, KFROBEALLETOYR— MR INVORE L,
BBEBIOADVOMNBER R TV bEEBEZ 6D, Y 7aF A XARAL IS
DY R— P AN BN TE, BRI GHEH/DITITA b e —2 [l TOR 20-40°0H 2
AZRFFT2ZENEETHL LBDND.

SMUDBEATIRENTAKIES I FRE & M EZH < Loy —vinBmbh, M2 As 80°
LI L TWEZ End, FTHICHABDOKRE WHEENZRESED L) REE % L
MWHAVANVIZRERLTND Z ERboTe. WIS 2-1: B3 THRERD A LR F —
URBOENTZZELY, TURABADLA AR AT B D ESYITENE T OB & &
EWNFAOBERBZ K E VD, IZEAKFEFMNZA AL LT LEHMIHIIOERORE N &
DIRETE %, 20 Z & Francis and Smith (1982) O#fst e bHkiE L7z, £z, REFFICEH
WTAFILOIEFITENIZRTOA DL LU PIE 10008 LT, RO LnEFIROBERE
THAMZHE EOICRELSADAVLTNTZE WS RS, WIS 2-1: FBR3 O Y B
v L BREHLEORBHEREFEKTHoTZ. FRF N CHREDOREIZ K EITHRFEL LD
& L2, IRE 52 kg DT C/RENEZ B E 1017 cm TEREFT 5 & 49 7.0-9.0 kgf O faf
HAMDBND (KR, 2000a) . ZH 72T ORTEANZ KRS 2120%, SMUBATRE TH A%
FIHL, RERAINVE LRTNEHRRHEEN 20N D7ELEZEZ 6D,
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53 EEXBRFREALHHRL IOEHER L OBE [#F7ERE 2-3]

531 B

WFFEREE 2-1 « 28R 3 36 LOWFSERRE 2-1 « 32k 4 OFE RN, AR — b AW AVEWRIE,
ZIR L LICHIBEOEHEEETH Y, JEDIME - PNIEEE)C X > THIBITKZ ZA WL 54
hThsdZ Enbnots, WMELBIIFR— b ADAZ N ERERT, OREEKE
M CHRFFTD2BICIZBRB L F 14-15 kg DK EREAMANDL E bbb TBY R,
2000a), JHDIME - WIER IR EEEZ HiD. & ATHR— b A B VTR O BIS % £
WRNBREMNET DIEAFEHREETHY, MEIZIIAT—V IR ERKEEZLND
o aFARXRAAL I TV 2 =T IEFEOREEITEIEFARHRE SN TS (REF LR
B, 1982). F7-, WERBIIHED 3L ERKTITIR S TRETH 5720, (K & TE
BEMEFFRESNAT S D OBIENH 5 &b C\D (Hall, 1996; AR, 2005). & 2T, AH#fF
ek, —v v ut A R RAL T ERTORELSREES) & F B ME « NEER D
BIfR, B LOmELEHRFRES LI & OBREHETT o2 L & L.

532 HiE

(1) #BRE

BB 1L, 2007 FEHRRTHERA XV A hOK v 7ut A XRAL IV TRFE 104
Thot. 104055 841E, 2008 FFALA Y v vy 7 AAREFEMBT Ch o7, Y
Fl$1.65+0.04 m, FELEILS55.1+28kg Th oz,

(2) ZERZERFFEESD O

MELRBRFE O, A ) v By VRERFH - RBESBLOIRAY
v VERIRF R R AF VA ERTENENEM SN BELHREFT 2 FOFAE i
O Lo, dEA ) vy 7 BAREERFE - RBEBERTHEMSNTL—T 12y PO
BEFROVE S TH 2 EBELEHEFET 2 FofpA (DEEESER), L, ey
7 ARNRFOANRT A X NVEES CEM SN BELBRFFT 2 FORE (QF A U 1548)
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L7

ARAV vy 7 HARBRFH - RBESTEBINTZLV—T 4 By NI, V—T 4
VREEATIC LB AN O 7 ¢ Ko T 25T 5 E O S L, ERRFEHE 6 41T X
2T 10 AR 110 SPFATREA S, EO S bO 1 DIFMELSE TE L7120 EL
[EC 15 BRI L, MELHOFE FARPITLPATLRELRBREFT XA T, ¥ R—F2 I
AFNAPRE oL bXMESNDT AN THD. Ml AILE S, FEK, ZEME, ELWEES

(FHA L) Thb. ZORETORNE EEEIG N & IES,

ERAY By 7 AARREHEMET A X NVEES TORELRBMRET X DORENEIL,
ME LS A 1S BHTE LT EWLE TRFFT 2T, 791 v (BEHEHOEL S Lf
VRN E) OBUETREShZ., Foada—FLEEFRNE 7408 5 S 12 8000
TEHAE L. ZOMEOHREET VA VR LTS

(3) AIEHEE
7
BIODEX System3 (Biodex Medical Systems, Inc) % VT2 J§ BIE/MIE - PNHER: 71 (f4

W 60%s, 120%s) ZHIE L7-. WEMEIXAEST-Y O JICHE L.

AR R
72X EHLEIC X D Bod Pod (Life Measurement, Inc. USA) Z HWTIRIEIR ZHIE L 7.

(4) #LAFILE
HEEBRFENOREEIGRBLOT I A GRE, JHBEESE - WHER 1), AR
DI
L.

HEDERZ L7202, AT ~ o OIENABBISR I Z RO 7. AEKEEIT 5%ITRE

533 R

HELEBRFENOREEIGRL TV A U HR O, AELMBEBERAED N

(r=0.773,p<0.01).
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ELBRFE ) (BEEBGER, 7VA U5R), JFEESME « PIFED MR K% 7,
B LRGN OWERE R A Table 18 128 L7z, (KIEHE L BME XSG AL LT 1 15
SORNCHBEIBRITRD bed o7 (r=0359,r= —0.043). J§BAFISE - NHER 71 ORE
L, |MESBEABLOT VA U EAEOMICHERMBBERIIRD bR 72n, (K
72D D 60%s I LT 120% TORBEHEISMER 1 &, BMELEEGRBLOT A AHRLD
FHCA E e MBIRILR 378D b7z (Table 19).

534 E£

WFFERRE 2-2 0 JEBR 4 DGR & FERIS, (KRNI & Vi — R A LA XL ORICBERIEA B
NIRRT Z s, KB O WERFED T 213070 & W 9 BRI FE TR
bhehotz. T, BEOLLIAROERENREHARKL NV ThoTe ZLnb,
UARREII 3D 72 S B E AT WH R Z FF o Te b LThH, ZOLLICEETHET
WZEDAREERIOBEFZTHARL, X7+ =~ AZER L TWINLIEEHNINS. K
RO BEZRTIT 2121, 4%, BV EOH ZMAMTHIET 2 LERH D725
J.

JRAMERS 13 BRI RE ) L AR RBERN A SN DX, YR — b XU VEMED RS
PEICER L THDO TR Rnn B2 b, aiR— b 2B VEMEIL % 3812 Lizifio
FEDEER TH L2, ML, FOOLEEOT~ATZESNREE) S S & ITHIBD[EIS+
VRS BEEZIMET DIEBFNREETH S, AEICEWT, FHOWNIEZ S BifEiL:
WIEOHWHN DD, SMEZE BRI CTH L. Len-> T, EAMICIT 2 WNEER D
2L BIMER DN AR — AT VAT VITERPENE WD FEREZ GO L LS
N5, ZoZENs, BT, MR ED LROSMERHTFL FL—= 75 LA EHE
EEZOLND. ZNLDOHIFA v —~ v A EMEHTINE ORI H D720, BTNEMR
LODWHITHD. TUF =<y AL LESTE U= TIEEXII W), F3—H
RRBES AN E D THOEBE 25 LN OHEEIC N L —=0 7 %179 ZENE
HThd. o, BEEELTAI—Y 7 2ITH120E, Kip L LS K0 IR 5
REDRKRERMHOGEETHD. Tz, VAR —NALDAVAFXNEEDTZOIZITE REELY
Dz NT AL R DUERDD.
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Table 18 Scores of supporting the Vertical Position, percent body fat and
isokinetic peak torque of shoulder internal and external rotations by using Biodex
System 3 for Japanese elite synchronized swimmers

Swimmers C | B E J G H F A H mean SD
BEEZBRFED

FEEEPES 16.65 16.25 16.35 1585 16.15 1585 16.65 16.60 15.00 1535 16.07 0.53

TFTHAUEH 343 350 343 307 314 3.07 314 314 243 250 3.1 0.3

RHERR - AR

5K m 167 168 164 164 163 159 1.61 1.61 1.74 1.66 1.65 0.04
*RE kg 57 58 56 54 53 51 54 51 60 57 55.1 28
N GES % 185 236 208 223 233 215 151 233 16.1 19.9 20.4 29

BRIERHAE kg 46.3 444 445 421 41 40.1 457 392 504 453 43.9 3.2
BYMEATER N
MEH 60°s Nm 31 26 30 21 24 19 26 22 29 25 25.3 3.7
R % 60°s Nm 28 27 32 19 24 23 25 21 31 26 25.6 3.9
S}iEH 60°/s Nm 21 20 22 15 16 13 18 19 20 17 18.1 2.7
SHEE 60°/s Nm 19 19 21 16 14 14 18 17 20 17 17.5 22
MfEH 120%s Nm 28 23 29 17 22 19 21 21 27 20 22.7 3.8
MfEZE 120%s Nm 27 28 26 18 22 21 24 18 28 22 23.4 3.6
ShiEH 120°%s  Nm 18 18 20 13 13 1" 16 18 17 14 15.8 2.7
SMiEZE 120°%s  Nm 17 18 17 14 12 1" 16 13 16 14 14.8 22

SD: standard diviations.

sEEnEs.  LRAUVEVARRREFE-RBERCRESNBEEYRHTALO/A. HERALES, R, ELLE
TEEL #(FYAY).

s B, AEAUVEVOBARRBMETFAFLEERTRESHBEEABRHTAOGR. FEBRRET 1 (BEEY
K IR QELEEBURAE).
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Table 19  Correlations (r) between scores of supporting Vertical Position and
isokinetic peak torque (Nm/BW) of shoulder internal and external rotations, for
Japanese elite synchronized swimmers

EEXZER THAURER
AEH YR EEH S EREER 7 (Nm/BW) r r

NfEH 60°/s 0.396 0.389
HfEZE 60°/s 0.140 0.315
5} iiEf 60%s 0.633 * 0.663 *
S} ZE 60°/s 0.478 0.322
MiEA 120°s 0.366 0.457
RiELE 120°s 0.262 0.531
sV e 120%s 0.646 * 0.642 *
ShiEZE 120°s 0.463 0.654 *

*p<0.05

s, EAUSEOYBRRRRT R RRERTRESNBEEEBRRT OB A, FERA
BEERBR s REl ELVES(FHAY).

cgqoms.  AFLUVEV RARRBRRTRFLEER CRESNBEEBREHTANOBE FHS
TR RRF A (EEEBOELSLBUONS).
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54 VP R—BPRVNVOHEKELBEER [FERE 202 D]

WFZERRRE 2-1 [EBR 3] TIX, Yo7 uF A X RAAL IV THV Vv IRAF Y AN 44
L, HAREB F—2BLUOHARE Y 2 =T F—LILETHIRF 64D, VP AR—FAIL
MEE 3 WoTEB L, AV vy s AFY A RE, ARREB F—ABLOEANREY
2 =T F—AEFLOHE, BIOAMRLE 1S5 kg Afrli & OlEN s, AR —~AD
IV OFWEREEZ B H 2N Lz,

WFoeipE 222 [FEBr 4] TIE, NADT 7 A ZARARA I 7 AARERFEZ RIS,
e E RSB RFFR IO EOIETF LRVRFOV R — N AW VENER, 3 IROTHE§SHT 2 AT
g L, AR — R A B ARL OB BT OBMEOREE D D EMERHE & B 22 FEE 8 A
XML,

WFZERRRE 2-3 TIE, 104D v 7 at A X RAL I U7 AARFGRT 25, BELS
TRFFRE ) & TR BAESMIENTERS ) & DBIfR, F6 KX OHRELREMREFE ) & LA & OB A It
L.

BFFERRRE 2-1, 2-2, 2-3 OFERNE, AR — N ADVOBMWERE S REB S EZSED LS I
FEOLIENTES.

PAR— M AG ML, BEIRE LIZRIBEORESEIET, 8 OIMENFEEENC & - Thili &
FCKREAINTHENTHD. AFAOEWVEFIL EBAEE SN TNDZ ERRIN,
ZDZLIET Ty FAINEYR—= N ADILOIEOETH Y, REM LT Z Lok
WoTWDHEEZ BTz, FHIFEETHDITE T 90° L VA< /D 100-145°DHiFH T/
fiLcnwa e, 7Y b AANEETEMIMET 2DIZE b TN Z MRS SR K2
RoTVDZ L, BIOHEDOEmNHERME TERES AILLTND Z & NENERME L
LTRENTZ, ELIZFOOLBKIEIZH S X DAz Esh S8, K 20-4000—EDHZ A
o TR, ZOMEIZT Ty PRIV EIE L. ZOBE IFE FTHRRWE %
BEOETDHZENLAELHENTVDLEBZZ N, AR =0, 7Ty FATL
ERFRIS, FREETHDLI TV DR OFHTIEARL, IMUDHRKE V8 OF E 7= 1IH
BB RS2 LT AR T EMREN, AFAOEWVERTFIAEH ATV E LT,
INLDOZEMDL, A br—2 RETIEIHIRTORESVHEED 2R L, SMUBT/RE T
KIES N K EMTE X BAD Z L BBE SN, KEORWEARZRFFT 5 72DIIMIOR
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ITRE CHAZFHA L TWD Z EAURIEB S 7.

YPR— b AT NVORRERAIT, 1) EREMEZTE2ETEETSZ L, 2) FiEH ks
DINCEEL Ty b2 28, 3) FaEA LD ORE < M (R 110-145°) H IS A 2 K
WD Z &, 4) TEDRTAEHEA~AINLTLH L, 5) AiEENSEFOODL ZH
KIEIZAT CTAINTHZ L, BLU6) 14 HEHEL THEROERRHEME T A
ANTHZEThole, FATIMATIE, EBiEMZEEL TAALTLHZ L, FE 900 i
TAI—=V 758, ZAAN L PIIHEROEMNGHTTIZ 60°K BWNWETET 52 &N
HARHNTWDA, & NE2 TELZTEET D Z & LS OFREBLRIZ OV TIESETT ST
LRI DR EART.

AV ETEAMNER T E OBIER R ST Z Eonh, YAR— M AL DAFVERZOTZDHIC
IFEAMNEHE A B L2 hL—= 732528, oS, BBEZZESETAALE)
VEZAT 5 oI KMfh, R & oL Eiizd S SRE 2B L OV HEELON %
NG VAL R DNERSH D Z L NRB ST
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BOE o —F—Fv 7 OB{ERMLIBEE S

61 TYJE—F—F%y 7 AFXFLOEWVEFEOENE [HFILFRRE 3-1: Bk 5]

611 B

AWFZEIL, o7 uF A X RAL IV ITHARFRTDO I B, AN T 3 —~< 2 AHE
Nt L THERIC =y =2 —F o J AF AV OENVRFERVETFOT y /0 — 4 —F
v VEER L, Ty VT E— X —F v 7 AFX/LOEVIRTFOEEDORE D &0 7 f5i
BlEABEXHTZEEHNE L.

612 FHik

(1) ®EBRE

WErE L6 D7t A XRAL IV ITBRETHoTZ. 64D 5 H 5 41T 1996 4
TR 2FV By 7BEU2000FY R=—FV By 7 DIPALY XA T, 6 LHEEN
1998 4, 2001 4F, 2003 FEDOHFKIKIEFHEDIRA X VU X F T 7=, Table 20 I[ZHERE DL
K =y = —F v 7 AX VAR LT,

(2) Ty Z7E—F—F v I AXVDORE

AMFFETIX 6 BEFKIR Ty T E—F—F% v 7 AX VLo TRRAMNIC B LI, o
X, EBEKAIRE AARAFRPREACTEMINTAV—T 1 vy hOGHBREZ Y I E
— =% I AXNT A NDOBFROLEEL L LT, BEATHEMBINTLV—T 4 &
v MIV—T o VIEHBBATIOLERHEERITC T 0 ¥ 27 0 9 BB R S 1, EEREH
BizkoTgEEN. =T 408y bOIFEDOI LD 1 DIy JE—F—F v 7 R
FAETET LT A M ThHoTe. ZHUTMBEZK 60°DilE TK EICZ ELTHIXL, mibiCs
m TS EVIHETH 2. =T 4y FOGRHERLEZ Yy =X —F v T A%

VT A NOBEOHREEH U5, Table20 IR L7-X 912, A,B,C, DD 44 L EF
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Table 20 Physical characteristics and eggbeater kick skill levels of the swimmers
S Age Height Weight Dorlrggan ¢ Results of National Team Trial Eggbeater kick skill Exe:g:fce
o) m (ko) Eqghostor Tost  Toal Score  (@)\b) 100 Overal
(a) (b) Grouping
A 23 1.64 50.6 right 8.167 159.367 5.125 Excellent Olympics
B 18 172 574 right 8.834 152.810 5.781 Excellent Olympics
(¢} 21 1.64 56.0 right 8.333 163.958 5.082 Very Good Olympics
D 23 1.68 54.6 right 8.167 167.974 4.862 Very Good Olympics
E 18 169 602 right 6.667 160.908 4.143 Good Olympics
F 21 164 566 right 6.000 149.359 4.017 Good World Champs
Mean 97 1.67 55.9 7.695 159.063 4.835
Sndard 21 003 29 1.007 6.326 0.604

The values for eggbeater skill levels are indicated as (a)*(b)*100, which denotes relative ability in the eggbeater kick skill.
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D24 EDMICEEANDERR LN, L Vb, BEFIISKRORENTHNTHEFICH T
v T E—H—F% v 7 AF)VHHE (A, 5125, B,5781) AL, MIZEEFL FiRFIIT Y/
E— X =%y 7 AF VRPN VKo7 (E, 4143, F,4.017). 2O X DIZ L THEERL
FIRHELC, B ML —=2 72 Y LW DY a iy Ka—FOEBIREHE 2 2,
A, Bi#EF% FA7#E (Excellent Group), C, D #EFZHHE (Very Good Group), E, FiET

Z TALEE (Good Group) D3 72 71437z,

(3) s
Figure 50 I[CEBR O Z R LTz, V¥ v X —AE—F 1100 ¥, 30 a~TRETE 5
T A AT E2BERAL, 1 RIINAT T U TIZATUKTENS, Mo 1 B137— L OKFE
Mo Lz, 2 BOET AN A ZIAMBREIE SR AEKE L, 7L —b Wy 2 =28
THE#B L.

TFEITOT VH A A ERHT D720, A ~—DOKis7 M, B SFhERUA b
T—TTv—F T L. IO~ —h—, BICEEEHOTLEHET D200
Nic. TVFA XRA v MBSO, BB F .G, RREAFTL, M, B 155 PR
B OB, REE & Lz, FEIZKEE, TRESB LR ZMKE 22 L) v o7k s
AV RNETNLELTHWT L.

B SAUTZE {8 1E Macintosh = > B = — X ([ZHUV iA A, HfEFHE Y 7 b Mathematica
(Wolfram Research Inc. USA) (2 VU > 7 L7= Movie digitizer (& Hi, 1998; Miyaji and Abbot,
2001) ECTT VXA ZQELAAT o 72 3 ROTFERREIT 3 ROt DLT 1% (ih |, 1983; #th L1%7», 1991
Shapiro, 1978) (2 X W B U7z, FEYMERE R 1T 7 — /Wit L CESE L7z (Figure 50) . z #illiX
K% FEHE & U2 8RE 7T, y B3R, x SIkE S A B KFEO Jm & Lz, 220
Dayra—LAF 77 FEATH 15 mX1.6 mX1.4mODEHKE3RITCDLT 2 ba
—NFA TVl FE UTHWE RIEEEZ B L7258 O AT x10.011 m, y #0.025 m,
z i 0.016 m ThH o7z, 3 WILIEET — 2 ITEMEEER LV R Sz, 3T 3 IRITEE
7 — 4 X Mathematica @ interpolate function % Fi\ T 120Hz DT — X [ZHif L, ¥ —T—2R

17— /XA T 4 VAT L0 HEWTE R # 8Hz Tk L.
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3.0m

4 Frame counter |7
— AN

| Video recorder | | Video recorder |

Figure 50 Schematic diagram of experimental set-up at present study.
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(4) RE

WL, 2oL TcoOy S —4—F v 7 & 2 FBEORRETITHE - (Figure 51). O &
(T A K B2 B U72RAE (WifE%5 1=« Arms up position) , i bk RiTIC @&\ 72k
fi& (Mifi7K i : Normal position) & L7z, RO FEFEATIET A F THERZK BICHT L O IZ
fBrL, NSPRlzy 7 —%—F% v 7 Z{ThHT.

(5) H3HrEB

Ty =S =%y JEEIREBECTH B0, BEOFORE L | VA 7 VDH%E
MG & Uiz, AR TIE, EBAMOALEEZ AR E LT YA 7L E 08 L.

SHTHEBIL, KEETFOm S & 5EHE (zero) & L2, O E S, KR O,
RE ORI (& Fm) &K EDOARE, BIOTEOKRBEE, THRE, REOMEE
Thol.

REOM Pl (REVm) LKEEDAER, Ty /v —2—Fy 7T 5EDH
PMIFEM ZH5< EB 2, ZOMBRAE-—Fm ECdh D ERE L, FONFmAKEE 2T AE
ZRDiz. Lizh3-C, Figure 52 \Z/R 3 X 912, e/ 2 GETHI TR (ax + by +cz=d,
a’+b’+ci=1) DR a, b, c DA, Zhb (a, b, ¢) WEERDERRY F(p)Th
HDT, HIEMEREREFHEORTAIRLEHRTRD L Z LN TED.

TR KBRS, THEED, BEOMEEL, HIRSE/CET LB I V& H i
Wod 22 LT KV R Lz, KBRS, T, REOAEEDOEBEERIZLLTOL I
EF L7Z. Figure 53 1R & 912, KIROR#hZ 28 & L, ZEAKEFONT FVERDME X,
WTHDEWRELZ. zdh & x/T_T FLOANFENS ylliEZRE L. TLT, yifilie z
HONFEN L ED xHhZEX L7z, FTIBOREZ z @& L, TR E KBTS 725
EOVERRR T bV E i il BT, 2L T, zflie x ONEND yylia B H L7z, 230
EMBINEETOMRE zelih & 72 L, Zive TIRE D 2 2P DERR Y MV Z xeifih & &
Wiz, BEBIZHOWTHRBRIZ, ze@h& yeBDOAEND yelii 2 H X H L7,

B DO IEBNERE R DALY MV, j, k TH D EREL, o (BT, 1991; Feltner and
Nelson, 1996) TZiLZi, FHIOE Y OAEE(w,003) DAL R—F 2 &G, tk,
H PVIEEEL S BB TR K0 57

wi=k-dji/di, w, = i-dk/d, w;= j-di/dt
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Figure 51 Eggbeater kick in the normal position (top
photo) and in the arms up position (bottom photo).

152



Figure 52
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ax+by+cz+d =0
(a?+b?+c2=1)

Determining the ankle plane.
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Y| 7 Xf

thighs lower legs feet

Figure 53 Determining the coordinate system for the
angular velocity of the thighs, lower legs and feet.
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ZoRE, ROAXNLEFE S,

di/dt= o Xi, dj/di= o Xj, dk/dt= o Xk,

0 = oitwjtok
ABFGETIE B RET A I [EE S A7 Rl Tl e <, BV B o T B IRER ) & fifi o Cih et
HhARE LTSI, RKROAREZFE L TWDHbIT Tk, Thex, ETED
R L L CRERREND. L Lans, W ONDEITIIEL H Y, FIAERY OIEE) O
ZHObbHbLTWDHEEZLND. £To, TOHIETIE, FRlkig, 72 & 2 IR & T
O RMG 3 ENATIC R D5 B I3 EER DN EH TE R RN, R TIEZEDO LD
R LITAEC R T,

613 FER

(1) BLEDOS

EATHED AETF L THED ERFOMBIKE CHOT Yy JE—F —Fy JEED AT 4 v 7
v’/ F v —7% Figure 54 (Zn L7z, Wik T2 AT L EETFO 1 VA 7L ofRE L Bl
DiF S OE B % Figure 55 1TR L7z, BEHORE I, Kis 25K (zero) &L, Kz
LOMECTR L., ARTORBEEORS, IO EEOERE ST MOBERH (RAH s
/MEDZ) % Table 21, Table 22 1278 L7z,

BomSlEL, ABFLERFOVTALA Xy VRICEKNELZRL, BRIZZHOE5
TRy ORBICER/MEDNBALZ. miAKE S mis LomGIcBIT o RomSix, b
NHED AEF L BEFN/MO4XOEFLY bEVELZ/R Lz, FRCmifikmm T, AEF
& BBRFOMOENEIIRET LV bE<, BAKELES £THE EFbATHER, o
4 ZOBFOLUIKIET LIZFEEDLRWLEE TLMGE RiIF b TWiro/z, L
L, BOSREGMOBERE, >F 0 ETICE BifEE Gk s f/MEDZ) 16 4 &
bHEVEDLRIST.

HOmEa2Hhn s, MEFRIC ARFLE BEFOEDOG I NMMO 4 HIZHTENST.
Wi AR E T 2 A ORKEIEL, ARFRREFD 84 mm, BIEFN KT 5 96 mm
EhThot. DI, ARTLEBETFOHO L TOEMERE (FKiEE R/IMEDE) 23Mb
D4ZBITH L ThEDoT.
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Distance of the knee

Distance of the heel

Swimmer A, Excellent Group

_0:3 right knee (%stime)
04 left knee
-0.5
00 (Yotime)
01 2 40 60 80 100
-02
-0.3
-04
-05 —— right heel
06 ——  left heel
Figure 55

02

0.1

0.0
-0.1
-0.2
-0.3
0.4
-0.5

0.0
-0.1
-0.2
-0.3
-0.4
-0.5
-0.6
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Swimmer E, Good Group

(%time)

40 6 0 100

(Yotime)

20 40 60 80 100

Distance profiles of the knee and heel from the grater

trochanter (0.0: zero) during one eggbeater kick motion in the normal position
for swimmer A, Excellent Group and swimmer E, Good Group, of Japanese
elite synchronized swimmers. The distance of the knee and the heel means the
relative height of the knee and the heel. One eggbeater kick cycle is 100%.
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Table 21
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Distance profiles for the knees from grater trochanter during one
eggbeater kick motion in the normal position and in the arms up position

Normal position

Arms up position

Right Left Right Left
Motion Motion Motion Motion
subject Max Min  Ranges Max Min  Ranges Max Min  Ranges Max Min Ranges
(Max-Min) (Max-Min) (Max-Min) (Max-Min)
A 114  -139 253 69 -176 245 75 -192 267 26 -189 215
B 89 -157 246 144 -156 300 100 -193 293 97 -152 249
C -10 -203 193 47  -169 216 16  -219 235 11 -229 240
D 48  -206 254 21 -232 253 25 -225 250 -31 -253 222
E 18  -202 220 16 -242 258 27 -204 231 -45  -259 214
F 37 -208 245 13 -218 231 14 -220 234 -75 -266 191
Mean 49  -186 235 52  -199 251 43  -209 252 -3 -225 222
Standard 45 30 24 50 36 29 36 14 24 61 45 21

deviation

Motion ranges show the deferences between the maximum and minimum values. All units are mm.
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Table 22 Distance profiles for the heels from grater trochanter during one
eggbeater kick motion in the normal position and in the arms up position

Normal position Arms up position
Right Left Right Left
Motion Motion Motion Motion
subject Max Min  Ranges Max Min Ranges Max Min Ranges Max Min Ranges
(Max-Min) (Max-Min) (Max-Min) (Max-Min)
A -84 -388 304 -189 -442 253 -101  -441 340 -142  -462 320
B -96 -414 318 -96 -366 270 -62 435 373 -97 -410 313
C -162  -497 335 -138 -457 319 -149  -501 352 -160 -519 359
D -114 -488 374 -186 -540 354 -71 488 417 -172  -567 395
E -165 -547 382 -193 -593 400 -170 -539 369 -188 -597 409
F -131 -485 354 -166 -509 343 -135 -500 365 -195 -630 435
Mean -125 -470 345 -161 -485 323 -115 -484 369 -159  -531 372
Sanced 34 58 31 38 80 55 44 40 26 36 84 49

deviation

Motion ranges show the deferences between the maximum and minimum values. All units are mm.
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o, BRICZoTHEEOEIOEINEL L L, WEONRZ—2 (1) BFhTnd
ERbhole. DFEY, A UFy 7 ORBETHEN b L bEL<GIE BT S, HiZkoT v
Ny 71285 R CREMIZEL TWe., EAREMICELLZE X, BIERKELY b
D UTFRoIALEIZSH o 7=, Zh % Figure 54 T4 25 &, 194 27/1% 100 & L7-54A,
A JEFO 40% TLEBDEEMIZEL, 70% CAMNREMIZEL T e, ZORE, T
FEIL, ABRFO T0%DLEMZAGND X DI, BEEIFIER U SR 288N 5.
COEIXIE, ABRFTIIEEFICALNDN, TAHO E®ERFIE)N G & LT o 58EN+
TR, BREHEDE S SITR BB N2 o7

(2) RBBHER D AH X4

Wik CTO A, C, E&FED 1 ¥ A 7 VORI O 723 FExHA OB % Figure 56
IZRL7=. A, B, CEFO3IAIED, E, FEBFICHATRKM, KMie bIZHRIHERKR
&<, Kb, REBEEZRESHAWVWCREBTT y 7 —2 —F% v 7 &2 LT,

(3) RENHEHOZHMBROFLELKEDORTH

K R D AT & BT = i\ A < #isk oo Vi & /K 00 7294 & Figure 57 (28 L7z,
F7o, BBFOMMPIKE & WHiE LIRS, BE OO 6 &K D723 (Angle
to XY), BLOH R TZ RO Fm & A2 BN 7= RO i O R O A - (Angles
between right and left planes) % Table 23 |2/~ L7=. Figure 57 O v RN oTz U T3 g
HMEN TR O T, i L KEORTAENRIWIEEFEARESRAD. DFED,
EBRFITARFLD L ZOMENRRE S, BEN ETICRELSHN TN L 2R LTS,
—J7, ABRFIZIEEFLY LREHO L TOEBEI/NSL, KETHWVEIEEZ LTI &0
bind. mEE EREOA R EZBRNT, FEEO ART L BEBEEAMLO 4 LI TR EDH
< HIBROH & KE D729 (Angle to XY) 2N ESholo. HEFIZOWVWTRE DNV
HORBEE LA THRTHILE ZA, FERELOEETIALNRN>T. Z£D—JT, Table
23 (TR L7c Wik iz 31T A A R\ i & ARV Frm O O A (Angles
between right and left planes) 1%, AETF & BiEFIL103°, E®F L FiBFILIENZE 86° 72°
Thole. ZOZENDL, AEBFLBEFITIZLZ LV KRy 7 LTEY, hoEFITEh
EZF v 7 LTWeZ ENbinolz. ZORHEKIT Table 22 (TR L72BED & SEEBDFERN D
Bz 7.
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Max 107°
Min 93°

gy Y "
/ v (3 Swimmer C
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2 90f

©

Qo Swimmer A

o 80f Max 104°

< Min 85°
70f Swimmer E

Max 93°
0 20 40 60 80 100  Min74
(%)

Figure 56 Relative angle of the thighs, which means the angle
profile of between the right and left thigh, during one eggbeater kick
motion in the normal position for swimmer A, Excellent Group,
swimmer C, Very Good Group and swimmer E, Good Group, of
Japanese elite synchronized swimmers.
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Swimmer A, Excellent Group Swimmer E, Good Group
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Figure 57 The planes that the ankles formed through the eggbeater
kick in the normal position, and the angles between these planes and the
water surface for swimmer A, Excellent Group and swimmer E, Good
Group, of Japanese elite synchronized swimmers. The planes that the
ankles formed are shown by shadowing.
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Table 23 Angles between planes that swimmers' ankles formed and the water
surface, and the angles between right and left planes during one eggbeater kick motion
in the normal position and in the arms up position (degrees)

Normal position Arms up position

(o mawatersurace) 0 o surtace) s betcen
Right Left planes Right Left planes
A 42 36 103 53 47 81
B 41 37 103 55 40 85
c 48 45 88 49 56 75
D 44 45 91 49 50 82
E 50 44 86 50 51 79
F 50 58 72 53 59 68
Mean 46 44 90 51 50 78
Slandard 4 8 11 3 7 6
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(4) TReD#E D A HE

Figure 58 (2 EAZHED B 8&F & TAAED ERFOMMPZ ERFO /2 T OKRRES, THE, 2
HMOMEHEZR L. BIEFL EBFLAHKTLE, RIBEHTIE, BEFRIT Y My
APEICEDOB) X N b4, E BRIZZOEBENIZ LA ELALN R -T2, Fiz, Hr
B ABFOLORBIIZHNTS BIEFLEROARE T — BB bl KERE O #H
FEZAGIE, RIRTF L IChH ISR NNE — IR B LT, Wb R E 2 & OBE X
ool TR OAEEEITME I KRE REWVITA LN RNoTo. BEIZBNT
L, ABFLBEFRIIAN Ty I0DT U MRy ZIZBITT D mE CTHEOROVEIX 235
L, B, C, FEFIIT U M v 7 OHFBTHIEENE ALz, Ty 7 E—4—F% v 7 A%
IVDARNEIZIEZT U b 7 BGREOE RN T E A E R 6oz,

614 E£

PLEDORER NG, =y 78 —2—F% v 7 ZAX L OEWETOMERRIL, B & EOMED
MW L, B ETOBMERMANNSWD &, RO AR RN &, BEDHE < il
FROMNAE LK & DRTAP/NSNZ &, FHEEDRE RO #ROFE R OB R E
W2k, AUFy I ORBEORE TREDBNERENALNIZZ L ThHoTe. EBIL, =v 7
E— =%y 7 ZAF)LOEVEFITESHICT U b F v 7 ORI KB OBOATEE 7 7k
X v 7 OHETREDOBROHNEEOE X N LTI L Tholz.

Ty =S =%y J AFNOEVERFREEHEOMMENR SN T LW IR, BET
EORTIRS @< RFFTH 2 L TRERR—2 (BEB) ZHERTE 5 LD Zielinski (2001)
DB EENT D LD TH o7z, £, Ty —F—F v 7 A LOEVIEFREOE S
Do leZ &1L, BREVBHWTEEOLELARIOBENRKE NPT LW HFER E bR B
LTW5.

MRS & REERDOSE - SMED TEFEFHAS /S < 722 0 A HLL & U TR < Mgt
EKmfE, TRbbBREMH AN NSRS WL, BEslE EFAZ LT, HE
GIEMTRZRESEIL TRy 7 HBEAHESCTHENAELS SRS, £z, REEEZ&GWLE
ICHB< 2L, EETIZOEOEECBITLOT W EWIFIERH L. O Enh, FE
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Swimmer B, Excellent Group Swimmer E, Good Group

left thigh

left lower leg

left thigh

+flexion, - extension
+adduction, - abduction
----- +internal rotation, - external rotation

Figure 58 Angular velocity profiles around each axis in the moving
systems during eggbeater kick motion in the arm up position for swimmer B,
Excellent Group, and swimmer E, Good Group, of Japanese elite synchronized
swimmers.
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RR2IE, BERIETFORmS S LIIKREFLIVESSIE BFD2 8, BROEH L 010 BE
DELSETHE LT L2 LICHET DO ZEDNHEETHD.

Ty T E—Z—Fy 7 ZAXNOEVEFILE T ORI & KEE DRTAPNS o
2l REMNKEICENE ZATEEREZMNTW I 2R, ZOZ LD ETO
ERFHDN /NS Do Tm L W OFREREEEL TS, 2FY, =y E—X—F v T AF LD
BMWERFOT Y FE—F—F v 71X, THNRDERNNESL, BHEREIELDITH
BRAKEDEENEN T RSN RoTe. Ty T =S —F v JDROEFEITIAN
— V7 OFOEE LR UL HHEAELRH L TWD (Zielinski, 1997; Sanders, 1999a, 1999b) .
FRlZyv v/ F A X RAALA IV T Dy FE—F—F% 7 L XJ)— UV RHZIE, EfE T
RELEZEEEZIT) ZENROLNTEBY, ZODITITHHERAESED XD RERNH
R THD. ZOXIITHAEDIRNAEDT X, T74bb, Bz TE 5720 KFEEY
o ETENT 0L, BEEOMAGOMEZH RO ENHEETHLS. BBMOTT
TS E VO EIETIEARS, REEZE< RoTEEF Y /52T, BHREZDLD
RENXIZEO DD, TLDZEND, Ty T E—F—F v 7 AFXLOEWVIEFIL
BHBEFRORZVEIZZLTNWDHENZD. TO—FHT, Ty /=4 —F v 7 AFX/LDOR
RENEBFIXTH~OMY RKREL, Ty /b —F—F v 7 AFLOFENEFLY bHIIC
RIEPRKEVENZIZR-oTVNDEEBEXOND. ZhEY, =yl —F—F v 7 AFLOH
WIERFIT KEXF I HAT, Ty T E—F—F 7 AF LOVREMNETFIL HEF v~
AT LT HIENTESD. ZDZ &1L Sanders (1999a, b) 238 & AT L7 BFFEAE 3
E—H LT

ODENCT Yy ZE—H —F v 7 ZAF)L O EFIIRIBER DA M4 25 K& WS A BTz,
TAVITRE & B 2 S i U7 RRE TR 2 BRI BA W BB A REF L TWD E WS 2 EThH
L. v FAXRAAL IV TIZBW Ty =S —F v VW e T —h—r
2, BEOHE B LHERYE, BT LOMOTZRWESTRTT L LNEEND. T
bbb, bR (BHENLEET) OELTH RO LIALET 5. BB 28I < Z
&C, HEARMmA SRR OOE L (AR ([CEERT <Y, HEOFRA~DRIERE
— AV IPREELIZS VWO TLE LTEERORFFICAERL TS EEZDBND. 2D LI
DWTIEHEERHE LB IR LERD 570 8 L TRBIINICHRGEET 2 LE R H Y, KL - K
H ORI E AV TRETT 5 2 L 25 %OFREE L.

Fro, HEERTHEKE LIARBAEILDE 02 “FEN=ARARET S &, EINKRE 2N
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RHZ EBPIRENE 2 D DO TERBDOREICOBRDDHEZ 2 N5, WERKICE &V oS
R ERIITE DREFIIENAN—=AZELRITUTR B2 &V D Zielinski (2001a) D~ =
2T NVORMEXFHFTHHLOThoTe. ZORBEFITT HITIE, KBZEKFELS £TH &
EFRFF LT TR E 202 s, KESI O 172 0 RN EETH L L5
AHID.

BREICLS>THEED TROARELEN AR — VIS ESEThHoTD, =Ty T —F—
F o7 AFNVOEVETIE, TU My 7O TRIBIIEL ED 5O KIBEBIZFRNHED
FH BTz, Zielinski (2001a) 12X 2 & KT OEBEIZIL 2 2OX A TRHY, O EDITKER
DIMNHIEZ D = 7 =2 —% v Z78fE, fITKBONELEDRVWT Yy 7 E—Z—F
v IEETHL NS, LL, 77U My 7 OB ETRIZENESE D &, KERE
& TR AT AKEIC AT 2 DR BIE TE, ZoEBEIITRONMAITKREZ THIZHZ
LEPIEEZ T 2 L1220, ERVWIR— b R—Z 2L 2L ICoRR 5B bR,
Lo TC, 70 Ry 7 OBFETORBHOBONIEL, =/ b—4—%v 7 OfFEE
RELTHWDLZ ENTE L.

BT, TU MRy 7 ORIEORMOERL L OBONIEOBEIE L, A U F v 7 ORED
JRAE TORNE R, Ty 7 E—H—F v 7 AXNLOEVRTIIALNTZHFEETHoT. —
F, Tyl =%y T AFNLDRRMMNETITA X v I ORENDT T NX 7T
JCOBERER G TIERroT. 20D, LIz y 7 —%—% v 7 OFIFIE
RO HEOEMEZEMRL, ROETKEELLLIICHFy 7352082 END. ET2,
Ty = =%y 7 AXNOEWVIEFIITEHOE O IEE~OH) & & [FIRFHICNER 23 BE
FIHDONZZ 0D, BEHTRKEMD LI RBEEZL TVD I ERbholz. ZORMBO
BEEAL =D T OFOBHEICELIL TR Y, HABMICEHIKRL TV D EHEHI S T,
Sanders (1999a) I —/KEKEFN L E OFIE, KE, WK, IMEZHEICHNTE v F 2 H
LTWHZLamigl, —iiKEKEFOROEBENGENZRM LIZAT—) > 7 OBE 21
STNWDHZ LR L. AFEOME, AFLOBETEREEZZOLNHANTEIE
FIHL TV &) 50 Sanders DR E —F L7z, £D—F5T, KBTI AT /L DOE\ ik
FLROPBEVEFOMICH v 7 HEOBENIA LN T2, Z4UX, Sanders DHFZEITHIR
FL—KEREFL 2B LD TH 72D, ARSI GE N HARFRT TR L
~APIZER CTh oo e OFEICIB N TENBNR N -T2 B BN,
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62 TS —F—F% oI AXNLEHHPIOFTERM L OBE
[HFZE3RRE 3-2]

621 B

WFZERRE 3-1 0 R S DFRERND, =y 7B —F —F v 7 |32 3 RIT Lz TR [BlRES)
T, PR THEZ EAICE, BEEZZ LN <MD ZENEELAFINFES A TH D
ZEBHBMNERoT FATIFRIZB W T O IRBET, RESIOFIMENEE TH D Z & AR
WX TW % (Sanders, 1999a, b; AR & AR, 2001). iz, =y 7/ E—&—F v 7 R
% ET 5L 13kg L EOK ERFEARDND EWVDILTEY (KR, 2000a), Z5% il
T 50 EHEE ) 2T DI BAE R E O s EE B 2 6D, £ 2T, AR,
—fivrraFAXRAL I VT RFOMBLMEBROHHE =y JE—F —F v 7 AF )L
ORISR, BROFRIELE Dy B —F —F v 7 AX L EDOMRERFTHZ &L Lz,

622 FHik

(1) #BRE

BB 1L, 2007 FHEFURFHEGRA XV X O AT mF A X RAL I TETF 10 4T,
R 2008 FILRA Y By 7 BANEBMIRF TH - 7o, g 10 4 O H R 1.64 +
0.04 m, “VFHAEIL 54.5+28kg THHT-.

(2) =y e —F—F%y 7 AXNLOFEM

Ty =4 —F% v 7 AXNVOFME, bEAY By IV REEFE - REESB IO
AU By VMR FMARAFINVEER CEMINIZENENOT y T —F —F v I T
A MOB/REEANE, 0L, AU vy 7 AARKERTE - RBES TEBS -
N—T oy FOREBEROONESDTHLITZy JE—%—F v 77X Fof5A (DEB 15
), ML, ERA Y vy 7 ARREEHRTFASVAES CEBSN-Z y S E—F —%
VI TANDOREDOHFR (@QFIHR) &Lk

ERAY vy 7 PARKRRFR - REELTEESNIN—T 4 oy ME, =T«
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VREEATIC LB e HEE AN O 7 ¢ Ko T 25t 5 E O S L, ERRFHE 6 41T X
ST 5 AR 12 AP TERASNZ. EOSI LD 1 DiF=y S E—F—F v J AF L E
T 57 A BT, 2T A S L LROEEEZ L6 12 70 v T 5 & v 5 i
Tholo. PHMEBLRITE S, K, ZEMTH 7. ZOMEDORE AL EB 155 & FES.

AV vy 7 BARBEHEFAFAVEERTOT Yy JE—F—F v 7T A hOIRE
WA, mia 2 EE A KPICANAT—Y T2 NN TTo =y JE—4—F v
JHES m Thotz., Fratia—F LEHEFHE 74085 /iR 12 SROFTHRAL,
FHMEELSILE S Th o7, I OMEOE S L& SEA LIRS

(3) BIEHEE

5 77

BIODEX System3 (Biodex Medical Systems, Inc) % T84 o> s B & R e gt 7 ) (A
WP 60%s, 180%s), MEHEMPRIE MG /) (FAHE 60%s, 120%) ZMIE L. 7ok, FHIE
IR ES 70 IR L2 -,

KMt

vrvruaFA RARAL IV TARANE T —LDar bur—L T A b E L TEBMICEN L
TWHRIEMET A hD 55, BIHE, MBS, RBIEiOFMmME: 5 HE 2 WE L« DESEM
L, BT, B, 5 R v b CEE), KRR TY v~ (GE). WEEIT Table
24 ¥ JL U Figure 59 (o L7z, AEHEITNERENKRE S, BEICHETERWI &0 b,
vrraFARXRAL I T ARRET — LA TIHEERSLER THETE B HEEHNTH
5.

(4) #LAFILEE

Ty b= —% IV AFX VD EBEABIOEESELEL, BB LI OFEHMEOKTEH & D
BItR %2 D721, AV T <~ ONENFIBMRE Z KD T-. S%falErGEKEL L.
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6.2 MFIERRE 3-2 ¢

Ty T E—H—F T
AX NV EFT, ZREE

Table 24 Measurement of flexibility for synchronized swimmers
7 Ak i F Fi ik B3
wmE
FEEES (Sh2EMCMXT) T, |[ER/hSWERER
DFEEMIIL T EH a2k sicoFhaMiEd. | TWab.
[ 2 B & S ) EJAES DFS (BlFR) P OIROFR/NEREZR | (Figure 59-1)
BER iE.
RS (EHhzEmcpiIs) <, (Figure 59-2)
RRIEL T EH A CIRETRE 7Ly 7 A (7
(B S e ] F72 2) A UBEEMIET, DN BIERD
BER e/ INERE A
BEIZ[M o CTHENL TR S, BEND | BEAFIH. 12I1E 180°
&R T EH I C O e/ NEREE A I E. BRI, BEICM &
((EEEEIEN D | Edil ke BV CRE % 1E-> T
HBER HM+ 5. FoBEE,
BEDN S I F T o B
Mo, BENLYETO
PEBE 2 51T 250l &
9 %. (Figure 59-3)
AIZICFRI CE S OB (B— MrazER | 180°LL ER < EF 0
BLERT)yk T EH THEW) ZEX, AIROEELBRAR | HiX~ A T AHEIC
(AT« AT EJelre DBEEFED. KNSR ETOMEEA | 5. (Figure 59-4)
(xBAgI R ] | B R WY, ZOMHENLEDORE S Z5 0%k
EEFRMET5.
B EFEE | EES
1= W A 2 ICB &, IROE EITERO
HEICTH. EEfIiEHBEIZTE S
PR =TI/ D, migicTien
o Nl VSR 1)1 =Nl e ;< =
T TERNT D, ATy MEBNZ | TAEMDO T LK) 1 m
KPR Tk EH 7Y, HiBOROBISICTLDOU vl | ZHEL, W BiE
(ATl - Z2HT) = A WaT D, keI LETORNERE | 2 AN5mE/ES.
[ BE & et i e ] ZEHAT 58T 2 AMHATHAT S, | TLADRKFEICED &

INCAT Y v NEE
& HE 5 (HiRE
N H1D).
(Figure 59-5)
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H6E Ty —H—Fv/
62 WFZEHRE 32 « A%V LS, Fedkdk

1 DFEFEMIIL 2 BfmIEL

3 1R

4 KepRF 1k
Figure 59 Flexibility test for synchronized swimmers.
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6.23 FER

Ty =4 =%y 7 ZAF /LD EB R E @SR & ORICAEZRMBERRNRD b i
(r=0.814, p<0.01).

Ty = =%y 7 AX VAR (BB A & @S HR) B R ORBIEIHE - Hih, (ki

JiE 0D S5 P e K 71 O E RS S % Table 25 (2, Ze#kiE O M@ #E 5L 4 Table 26 1273 L7z,
Ty =4 =%y 7 ZAFNVORELFH L OMBEREA Table 2712, Ty /7 E—4—%y
7 AX DGR & FlRME & OFHBIfR S Z Table 28 (TR L7z,

EB i & @ SRy, BEEEM (1) 60%s B L OB il (72) 180%s & @
MICAH B RMHEBEBRATE D b, &S5RI, K 60%s & ORICA B 7 FHBIRIR 358
DOz, KEHTZD OF NV, EB AT, REH7ZY EMEE (/£) 60%s, &
HbH7- 0 EEEEH (£) 180%s & DRIZ, mSfHAlE, KEHV Keplih 60%s & ORMIC
AR LB RD b7,

FHMHEIIWTNOHB by 78— —F% v 7 2AX LOHER A ERMEBEBERIERD b
Aoyt

624 E£

AWFFEORER, MBI & REBOFHRMEITT v e — 2 —F v 7 A% )L & BURMB T B IR0
Sl HAIOENRT Y =8 —% v 7 ZF )UK Lo T2 DL, AWFEO MRS 4
BNENTFREEZAELTRBY, =y /=% —% v JE{EICLE R RRIEORE X2 B I
D> TWDIZEBLRTE S, T2 & ZITHBAMOFIIEZ 0.3 em T, MIZAIZIZIE 180°BF
LTERTETCWEZ LD, =y =4 —%y ZEIWEICLE e B BIHTE #hii7 T o ik BA
SMED IR 3> TR Y, BB A LoD EEZ bD. Lzi-> T,
AWFGERER NS, = 7B =2 —% v 7 BRICHK B L OV IO M L TiEie &
MO D Z EITRATED. my S —F—F v 7 A% )L L MO BEZ MET 512X
Sth, BB LUV L FRERIMEIZ D B DE N 2RI R 2 D D2 BN B % .

TN OWTITERIEIE B (£2) 60%s - 180%s 35 K OMARR i 60%/s & BIFRSFEWD B LT,
WFZERRE 3-1 [FEER 5] 12\ T, FRERICIE, BAKEETFXLY FETElE EFbhd &,
BLOEHZ 3B MOR EFTIHE L2 LICHETHIENEETH D Z LR
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Table 25 Eggbeater kick skill scores and isokinetic peak torque of knee and
trunk by using Biodex System 3 for Japanese elite synchronized swimmers

Swimmers A B (¢} D E F G H | J mean SD
AE (kg) 587 509 563 533 554 509 513 560 582 535 54.5 2.8
& (m) 172 160 166 1.61 163 160 159 165 168 1.63 1.64 0.04

IyTE—8—FyIRFIL

EB#& = 4000 3.750 3.500 3.500 3.250 3.000 3.000 3.000 2.875 2875 3275 0.374
BB 343 350 3.86 343 314 300 286 293 3.07 214 3.14 0.44
FRBAET (Nm)
@R 60%s 141 115 122 127 147 103 - 95 131 107 1209 165
R ZE 60%s 134 113 114 148 150 99 90 110 119 119 1196 185
[BehE 60%s 80 75 79 67 81 47 - 70 92 59 72.2 12.6
BB 60%s 78 67 73 68 71 52 51 60 58 65 64.3 8.5
BEH 180%s 96 96 82 89 109 72 - 67 90 75 86.2 12.7
HEXE 180%s 95 94 80 101 107 70 66 71 91 84 85.9 13.3
[E#hA 180%s 63 57 65 55 61 41 - 51 66 54 57.0 7.5
JE#RZ 180%s 60 58 60 55 59 42 45 45 46 53 52.3 6.8
KERER (Nm)
188 60%s 203 201 276 285 289 152 194 177 307 163 2247 552
E#h 60%/s 123 190 197 153 153 105 131 118 153 86 1409 335
R 120%s 186 238 245 222 260 154 183 164 250 180 2082  37.0
[Beh 120%s 106 121 163 114 128 103 100 119 100 106 116.0  18.1

SD: standard diviations.
EBB A ARAVVEVAARREFE—RBESTRESN IV E—E—F VI TALDEB A, FHERR TS, H#ER REH.
R ARAVVEVIBARRBHEFAFILEER TRBIN IV E—4—FVITRACDEEDER
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Table 26 Eggbeater kick skill scores and flexibility of hip and ankle
joints for Japanese elite synchronized swimmers

Swimmers A B C D E F G H | J mean SD

r=E kg 587 509 56.3 533 554 509 513 560 582 535 54.5 2.8

BE m 172 160 166 161 163 160 159 165 168 1.63 164 004
IyJE—4—FyIRXIL

EBB & 4,000 3.750 3.500 3.500 3.250 3.000 3.000 3.000 2.875 2.875 3.275 0.374

BB 343 350 386 343 314 300 286 293 3.07 214 3.14 044

Ed /{3

T RARN cm -35 116 80 -70 -80 -70 05 63 80 -60 0.3 7.2

H£#r2FYyyrk /5 om 170 -40 80 -150 -170 -170 -80 -130 -10 -11.0  -111 5.4

% ocm -140 20 55 -11.0 -180 -120 -40 -70 10 -80 -8.1 55

KepxTywk A Cm 00 165 160 50 00 00 00 75 145 40 6.4 6.6

£ cm 20 230 170 134 00 60 95 150 220 11.0 11.9 7.4

DFESLMIEL cm 18 38 37 40 23 30 28 40 05 20 2.8 1.1

RfIEL cm 60 60 40 55 55 55 100 48 42 91 6.1 1.9

SD: standard diviations.
EBB R EtRAVVEVARRFREFE-REZXTEREIN-ITVIE—S—FvITAMDOEA. SRR RS, FER REH.
ESfER A RAVVEVBARRBEEF ATV EER TERSIN TV E—E—FVITRAIOEETDHFR
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Table 27  Correlations (r) between eggbeater kick skill scores and
isokinetic peak torque of knee and trunk for Japanese elite synchronized
swimmers

EBER BIBA
BEgHERS S Nm) r r
fBEH 60%s 0.354 0.452
BB E 60%s 0.272 0.354
B#iE 60%s 0.177 0.385
JEHE 60%s 0.735 * 0.717 *
fBEHE 180%s 0.508 0.542
R E 180%s 0.475 0.511
[EBhE 180%s 0.245 0.577
[EBhZE 180%s 0.711* 0.749 *
AREHI-VREHBREHR 7 (Nm/BW)
fREH 60%s 0.473 0.527
R E 60%s 0.290 0.347
[E#iE 60%s 0.186 0.502
JEHi £ 60%s 0.673 * 0.608
fhEH 180%s 0.574 0.628
R E 180%s 0.463 0.529
[E#hE 180%s 0.186 0.502
[EHIE 180%s 0.673 * 0.608
KB ER R E BN 7 (Nm)
B & 60°s 0.235 0.541
JEH 60%s 0.500 0.812 **
B’ 120%s 0.265 0.596
FE#h 120s 0.540 0.615
KEH-YARREBEERH S (Nm/BW)
& 60°s 0.179 0.456
B 60%s 0.494 0.778 **
B 120%s 0.161 0.523
BB 120%s 0.426 0.535

*p<0.05 *p<0.01

EEA.  AEAUEVIBRRERFE - RRERTERIN LIV E—S—F 0T AROBA.
BATES HER REH
RAUUEYY BAREBRHRFRAFLET R CTEESNIVTE—4—FosF7 A DEED

=ame. b
SafEma: Py
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Table 28 Correlations (r) between eggbeater kick skill scores and
flexibility of ankle and hip joints for Japanese elite synchronized swimmers

EBG A S3ER
FZEMH r r
FE B 0.084 0.297
EEXTYyr A -0.266 0.056
= -0.278 0.006
T -0.056 0.298
DFEFEMIEL 0.313 0.247
R IXL 0.044 -0.411

EBEs.  ARAUVEVIRARBEFE—REERCTEMINLTVIE—S—F T RID
/A FEEAITES, FEE BT

Zxmy.  ERAVVEVIBAREREBEFAFLIEERTRBESN IV E—F—FvIT
APDEED/R
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iz, ZOBNE OBATO T2 DITARHE - Hrdis < o BB ih ) & ARHIS T o iR #h /)
DEEL TV EEZLND. NARA RN 7 28 LOWEER - KIEM 72 & O BIHE iz
B 2 B ORI AN LR STz,

FATIFRIZBNWT, =y 7B =& —% v 7 ZAF LR HO; 713 LUK & JE 5 o i 5r
MR L & DX D BTN & DA BT RER, TIKO TS & 1XBHE R 2 H AL 0o 703,
TR D YER 71 & ORIITEBEBRRARO bl Z ERFEIN TS (R & AL,
2001). ZOOWFFETIE, WEBIHEE M - R, BRBIEISME - P, PxPARISMIE - PR S s A
KGHZEREL, 205 BAEERMBZ R U O ik ¢ oIS 5 1 & B
i CholeZ &int, my 7 E—4—%v 7 OmM{biZix, HHETONLARNY T X,
HE AR, T, NEF B E RS N L —=0 VT EREDTHD ERBLTND.

AR TITREIRELE DT & v F A FORERR L, EKBEESMNEG /2 HE LRnoTz. £D
7= OR%BAFSMIR AR S DWW THATIRSERE S & O I T X 200y, BRBIEIE dhh iz o T
XRBRORERBF LN, =y e —%—F v 7 2L L R th i 712138 B
BoDLEZLND. & DITANIE TITREE T oA ih i /112 b BRSO b/ Z &
No, REaih S LR, TRDBIEER, ERE, B, RRRER S OREE T o
F—=V 7 bHETHDLLEZDLND.

FATHIIE 2 DL NIABIED VT, ANy 7 ZAE I, T T v 7 2 T BRI
DEE O HPEDFERTH Y, KDL 7aF A XRAAL IV 7 TOHIFEL TR
B0, ARIIT Y ST —% 0 7 ONT—ZERLT B HEZRETILENDH S, L
ML, AEERHmEEE 2 H W CEMIIZY v 7 aF A XA RAA I VT ETFO[H N ET = v 7
FTHZ L, FL—=UJHRELELTHATHY, Abar br—7 X b & LTHER
LDEBRV®DD.
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6.3 MFFEARE3 OE LY

63 Ty E—F—Fv 7 OENERE L REE N
[FEE3InE L D]

WFZERRE 3-1 [EBR 5] T, 6 4Dy 7 aF A4 XRAA I 7 AARFRF 2RI,
WA R T p—<  AREINCH L CTHERINIC =y B — % —F o 7 AX )L OEWORT LK
WERFOTy =2 —%y J@EE, 3 KorlEBoatia v Thiigl, Ty -2 —%
VI ARNVDEWBFORENO Ty 78 —4—F% v 7 OHAN 288l R 28 H L.

WFZERRRE 3-2 TiE, —ifiv o ut A XARAAL IV ITRFOM - kgff =y /e —X
—F v 7 AX N LD, BLOFHMEL Ty Ve —2 —F v 7 2% )L L ORIRE MR L7z

BFFERREE 3-1, 3-2 OFER, v/t A X RAAL IV T ILB T LDy I E—H—F v 7D
ERERS K OFEEBLRIISOZTDLIICE DL ENTE S,

Ty 7 —Z—%y 7@EX, BEHOI TRSAEERS S 2 EH) T, REIEE 2T
TEICRETHENZ LD CHD. =y T = —F oV AFVOEWVERTI, L
DAEDE O ETE#NRDR2NZ &, KEFmAE->TWD 2 &, TV bFy ZEHICKE
DOHFERIRN &, A Fy 70D T U My 7 IIBITT 2B AT/RE TR 2 <
SH, TV MRy 7 0L ZZRMEAIEESERNBOMNIESETWND Z &, B8 LUK
ERICBAVWTWD Z &, PR Tho7z. BEHom xm<alE Lif, BEEZE < ko
FEEMIAICEEF Y7 T526T, A b=z ET S EZRBE LT VEIE 1T
STWNDHEBRZ LN, Elo, BEEZFRRITHE>TWNWDLZ LN REETKEMD L 5 KR
WEETHD ERBINE. AFEFBRLY, 2o /=4 —F v 72X LOFEWVIEFOT
v 7 E—H =%y JEHEIT KXy 7 2 A7), Ty 7 E—F—F% v 7 ZAF LO00ENE
FOTy JE—2—%y VEIET (hEX vy 7 247 L TEI.

Ty = —%y 7 OFEHAIL, 1) BEEATELETEBEOI L, 2) EEBT
FETHIEAT, MG 2 &, 3) B2 HWTROETKEMD L 5 RER T
oL, Tholo. EBIL, Ty —F—Fv 7 AX/VIHER I ORGSO R, ) & B
BERHENTZZ LD, NARARNY 7 2B LONEER - KIEM e EORBIFIE#IZE D 5
AR A2 Z ENEETHD.
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ABFFRO BN, 3 WITEBGITIZE > Ty 7 A A RAL IV T BRFEORT —
Vo rbxzy 7 —4—%y 7 OMEREEZ G, BB OREDD X0 =AY
EEIROIREB R 2SI LThHo T2,

AMFFETIL 3 DONIFERRE A RE LTz, WIERE 1127 7 v F A v, WFEERE 2 130 R
— F AV, WP 3 Xy S =2 —F% o VMRS L L, BT EREIT ST
TRTOFER (FBR 1-5) 1%, KPrbigg LA —Y v 7EffEziizy e —4—%
v JEWE%, 3ot DLT % HV Tt L7z,

WFFERREE 1-1 [32BR 1] T, AV vy 7AF VA N44 (B vy 78 & ARNK
KBTF—LBLUOBAREKEY 2 =T F—LIIBT28F 64 BNRKE) ©, 77y AL
NENWEZ T L, AU By 7 REE B AEREEE O AT - 72, WFERRE 1-2 [325k 2] TIE,
11 20 AARFKIEF 2RI, 3 MEHOKVERERESBICBIT L7 T v b A D VEEZ g
L7z, WFZEifiE 2-1 [EBR3] T, AV vy 7AXF VA N44 (K ey 7)) LA
AREB F—LBLUOHAREY 2 =7 F—LIZBTHE&T 6 4 (BEE) O, K-
AZANEEZ L, AU By 7R EE BAKREEL O AT o7, WFERE 22 (525 4]
T, 11 AOBARREERF RIS, BEZAREFREN O@mVETF LIERVEFOF R — 2
JVENER bl LTz, BFSERRE 341 [32BR 5] T, 6 4D AANRTRTZXIBIC, RAMk
IRT d— VARRINTHK L THAIC Ty 7 =5 — % » 7RO FHWVERT L RN EFO=
v =4 =%y JEIWEAL L LTz,

IBIT, A=Y Ty Fe—2—%y 7 E{EICBEDOTROENL O E IR 113 L O
FHRMEZRE L, AF/LE OMBEBREZRE L7, WFERREE 2-3 Tl 10 4 0 H R (K ERF %
KR, YR— b AUV AF )L & ERIEDFIMENTER /136 L OMAHERL & DB 2, R
32 TRy 7 e —2—F% vy 7 %)L L EEMEOR - (R ih i 713 L ORI & o
BE A Mt L7z

LLTIZ, &R CR O N REREIICERT 5.
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(1) 72y FRIN, PR—FRAN, Ty TE—F—%v 7 OBERE

W1 BLO2 OFREREND, 75y RABA LY R— N2 IFMNE AL L-Fil
DEHSEE TH Y, AiEORINEIIMNEENIZ L > TFEOODHITK 2040°DE X % & 72t, EI
FHMTHENZADETTH DL LB LN,

BYHETHDONTEE e ME2BEE L TAAILTSHZ & (DeNegri and McGowan, 2005;
AW, 1992 5 & F1EA>, 1979 ;5 SThF, 1986 ; Muir, 1981a, b; Nesbitt, 1991; Reeves, 1975; Synchro
Canada, 2002; FHIEA A AKGKE R, 2005; X7, 1993) BANZE CEIAES NIz—T7, B8 D
FTHRIE WD TE AN V% — (DeNegri and McGowan, 2005; A<f],1992; Lundholm and
Ruggieri, 1976; JT#f, 1990; Yates and Anderson, 1958; W[ A HAKIKER Y 7 nZE £,
2002; Zielinski, 2001¢, 2005; [XI5], 1990, 1993) 1FSMAIOD [ 23K & VR 8 OF AL E 72 1T MR
ST LT LBD AT NG — &R E, SMUIBATRE T T HICKEMTEErnHbhlz. 2
DZ LMD, A hr—7 RE TSRS ORENHEESZREL, SMUBAT R T
ROTDRKEWHEE ) 2 RA ST TN D EEZ L.

WL OO FEEEIZ LS & (Lundholm and Ruggieri, 1979 ; & F1%7>, 1979 ; [X 7], 1984, 1990,
1993), HAR—FZAINEFNE 90T D & S TWD A, T B 8) & (2EH) L T 100
—145icF X L, mifiEE 8IS PSR TV D 2 ElbhoT. & 51T Zielinski (2001¢)
X7 7 v MADNTEMNMN 2R DIERESTZR Y Y a T, IETH (F—LoE) %
ML ONELWRY Y 3 ThDHERRTNDD, ARUFFEHER CTIIN 2 SO ALE IR BN
o T o, IHESMTIRY m< RO Z &1L, IR —AZ R CHRE2RESE, fifis T+
BRI UCOKFR ECAANVENEESIT) Z L BRBICTDH. LEERoT, K0 BhERMICE
NEFHTED2EBEIZORR>TNDEEZLNRD.

77y FABMTENT, MEAMO/NSWE ZIZITFEZ RO o TR CHEE
NEFED L LTWER, WEKLEICZEELMEAMBET L, Filié F42— KL TAD
NTUREWL, JORERGNER/L LT rHERHLNT.

PR — ATV AR ATEIMETRE & BIERRNZ ERA SN E otz ZHUIYAR— |
ATV, It % i LR O K & 7R [EISh & o TR 2 MET D &0 5 IE H R I TR 2R B E
Thdlod, FEARIZIBT DNEERN I D2EL Y HAMNER IO ZEIZIEWERB A b TZDTZ &
HZsnd, ZoZ Xy, EIMNEFHAZERL TN L —=0 75179 28, BROREE
TESECADNVEEERAT O - EREELOF A2 NT AL x5 ENEBELE X
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bhd.

WFFERRE 3 OFER KV, =y 70— —F v 713, B2 O T 4 Bl S & 5 #EE) T,
REIMEXEZ DT CRICEETHENZAEDHINTH L L& 2 b,

Ty E—=H =%y 7 ZAFNVOEVIEFIL, BEBEONEN GG EO L TE#HRDRN L,
AT~ ThD 2 &, 70 My ZRICKBOWNERTRNZ &, A F v I7nbT Y
My ZIZBAT T 5RABATRE CRBZMC TR IE, TV by 70L& 2z K
SERBOLMIHNIEIETND 2L, BEXOKRBZHEICBANTND Z ERRETHo T,
BEHEOM G Zm< gl & B AKRELFMICREZ Xy 7352801, A be—sEEEZRKEL L,
BhEHRISFIHTELIHZIZORN->TNDHEBZOLND. £2, BEZFUKIMHE-T
WHZEMBLREEZATI—V U TDOFOOLERULIICEB R, BETKEMD L O 22K
RO/BEBETHDL bR, ZL T, 2o /=4 =X v I AFLOFHNEDT Y J B —4
—F% v JEMEI R ZAESTRICEN L, ShERE<AELI ETD KEFY 72477,
Ty T E—H =%y I AFAVDRNEDOT y 77— —F v JEIEIZEZ ETE & THES

SRiEF Y 7 XA T LT EIL.

IHIT, =y e —F—%y 7 OTIZIIRIEHEE & BB ORE G R RENWZ L2
HoMERoTc, ZTREHEZm RS, MAEHEIZHE LT 28ENBERL TS
EEZON, Ty E—F =Xy 7 AFNOMN FIZIEIANLA N T AB I OWEER - KIE
i 7% & OB 2 B 2 RO LN HE LR S D .

Ubo XS, 77y FAAN, YR—FZAAN, =y T E—=F—F v 7 DNT OB
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