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Biomechanics of forehand throwing motion for distance of a flying disc
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(a) (b)

Figure 1-1. Schematic of forms and grip involved in backhand throws (left: a) and forehand
throws (right: b). This schematic is shown for a right-hand dominant thrower. Forms are

shown at the instants of maximum external shoulder rotation (MER) and disc release
(DRL).
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AN —%$E Llc, FTIZER Tmm O~ —h—ZfH L7z, F~—H—D 3
WICPEAFIT L7 3 Yot B BYEES AT 25 (Oxford Metrics Inc., Oxford, UK,

VICON MX)Z W CEHIl S 7z, Rk SN 10 BOFEMR I A1, VY
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—AREDOT 4 A7 LR TEROEB 2 TE L L OB TEHELHL L1

EIAL, oY T EEEIT—E B OFEBRTIL 600Hz . HOERTIE
500Hz |25 € STz, AFRDOEEMEELER (Re) 110 BT A T DO RA
L, BEEERADNRY MV Y6 & ZolZENENHTE Hm LB Fme L,
ZNHIZHEATT 57 ML x Xg & Uiz, mEERHISHERE DL RS> E XD
T 4 A7 DSMEIZ B U7 LS O ERRIEREE L, B E RE W THIE LT,

Figure 2-1. Reflective markers (black circles) attached to the dorsal aspect of the distal
third phalanx of the throwing hand (FT), disc centre (c), and the other 2 (a, b).

% 3H EiEfbas
T BN S (25~31Hz) 1XFNFNiHll S iET —% Z & 12 Yuetal
(1999) DO HEZHAWTIHIRE S, 4 IRONZ —T — 2R a0 — RZAFT X )VT 4

JL A — % I CEHRLSR O 3 IRTTEERE & ik L 7= (Winter 1990),
BA4H VU —RRFOT 4 A7 DHFEHEEOEH
22 [FHAEPERE R (Rg) DD Xo. Yo Za k. T4 A7 BEITRELTEE

@Jr 7714? (RdlSC) 7’&_}43% Lfb\é T/fxﬁ@]f EEA}JA iT/fxﬁEP‘L“m cD EEA}JA
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Ll TAATDEBMERNTDHOICT 4 A7 OFbR e A E LT

@éj}g—é %7% R disc %H—F@JZ 5 L:Hﬂr_‘_’% Lf:o

Zgisc=ca X cb (2.1)
Xdise =V X Zdisc (22)
Ydise = Zdise X Xdisc (23)

728, 21) KdDca b cbiFT A AZHFLED e BT 4 A7 EITfIET SR a
ERDICENZENIN )XY bb, (22) RD v IiTsic DEHERT MLERLT
WD,

T4 A7 OPitch @i E DOV DAHED F - THEA, RollfiiEbD Y OMEDLE -
FEEABLOT 4 27 Fulsi c OBEEE & 7 0 2 7 OFqm & O OFHE D
X AIZLLT O JFikEE AW TR Sz,

I« AfE X 4 = cos™? (%) 2.4)
b FMEMAE = cos™! (I\:;ms—cl:(;cl) (2.5)
S A = cog—1 (Y Ydisc

KX = cos (|v|-|Ydisc|) 2:6)
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2-212(24) (2.5 (2.6) XKTHEH SN, T4 AT ODERBEAIZHONTOMEFE
From Lz, b FREAITKREERICR LTT 4 27 OEITH M OS5 E
(NGB 2 IEOMEE LTER L, AMEE AL, AKFmIT L, 75
EIWNTT 4 27 BEMOTESN, FTHIBENGEE EOMEL LTELE,
HAZANTT 4 A7 OHERY MUZHt LT, k- FrEFRogEn L&l
ol BEETEOMEE L, THXICRTCRBLZADHEE L TRLE, 2B,
2212BWT, EME AL Noseup, [ME % Nose down, 41X % Bank

right, ZEftH X 4% Bank left, % f§% Angle of attack & 3% L 7=,

Roll axi;
+ Nose down

Bank right “Pitch axis

Figure 2-2. Definitions of the disc conditions (R 4isc) and attitude angles.

Xdisen Ydisen Zdise N7 RIVDHNART NIV % ZIVE I idiser jdiser Kdise & L T 4
A RBENEFER (R dgise) D Xaisc WFE DY D _E « T1A1E AIHE (0 pichr dise) 35 & Y
Yaisc W E D0 OFE « HEHE AL (0 rour dise) 2 LA FTORENXIC L > THERE LT,

@ pitch/Rdise = Kdise * 5 Jdisc (2.7)
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, d
@ Roll/Rdisc = ldisc * a Kdisc (2.8)

Flo, TAAZ DA VRE (0spin) ZHRET D207 4 27 OF bR ¢ &

)E:;'f—i k Lfi%@]@z ;%7?? R disc-spin %MT@ X 5 c:ﬁ% L/7L:o

Zdisc—spin =ca X cb (29)
Ydisc—spin = Zdisc X cb (210)
Xdisc—spin =Ydisc X Zdisc (2 1 1)

Xdisc-spin\ Ydisc-spin\ Zdisc-spin ~ & ]\ /l/@ %"fﬁj\\‘ ﬁ }\ /I/ % %m%m idiSC-Spil’l\ jdiSC-Spil’l\
kdisc—spin & L N 5; A4 A 7 @éjg—é %7% (R disc—spin) D Zdisc—spin $EE i b @ O)ﬁ ﬁg( @ Spin/R

disc-spin)%uT@§+%ﬁc: J: D T%Hﬂl L/fio

d

@ Spin/Rdisc-spin  — jdisc-spin : E idisc-spin (2 12)
BB, ABETIET 4 27 Oubabhiadesm (FT) ORREENT 1 X7 O

D 0.13Tm LV K& eo7-B#flx7T « A2 VY —Z (DRL) &EFRL, £D

WEIC 31 D45 1 IR B2 LT,

S REOHT
AWFFE1L SPSS V7 b = 78— 3 22 (SPSS, Chicago, IL, USA) %
TETOEHDOERMEEZHER LT, ZDk, mEHEEEE & FHNEROM O
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R BERMEORE,. BLOmEMIZBIT 28 EEDO LIEDZDREIX.,
FEED Y 7 b =27 A L TENENET Y o OFREFMBEGRE &M D ¢t
MEEMH LI, 2B, 2O HIEICBIT 2 EEKEIZILEIN 5% AR E L
7=,
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HIE R

K 2-1 13BN AR CFOEHRERZ) (SR 2 MEERH O ZOBER L%
RKLTWD, ABERE L REIEFEOERIEHEHTZ 1240 51.9m & 26.2m, A1
FEIX 22.4m/s & 18.0m/s, A E VX 11.5ps & 8.3rps T o 77, m & HHEE S 2

VIR, BLOWEHEIZIZZN T2 MG E 1465, K 1.2 5003
ERBEREOMICEED b, b« TrE Al &4 - o & AR LR
BRI AR ETE CHBEICKRE VR S 7, k& £ LolA M4 13m
HHTENTNABERENRD bR oT,

Table 2-1. Statistical comparison of kinematic variables of disc between groups at release.

DRL

Skilled Unskilled
Variables (n=27) (n=20)
Throwing Distance (m) 51.9+4.1* 26.2+8.1
Linear Velocity (m/s) 22.4+1.3* 18.0£1.6
CCW (+)/ CW (-) Spin Velocity (rps) 11.5€1.1* 8.3+1.3
Nose-up (+) / Down (-) Angle (deg) 13.7£3.0 17.0£10.0
Right (+) / Left (-) Bank Angle (deg) 19.4£5.7* 11.7+13.8
Angle of Attack (deg) -0.6£4.2 3.2+11.0
Angular Velocity of Nose-up (+) / Down (-) (rad/s) 2.9+5.8* -7.1£15.0
Angular Velocity of Right (+) / Left (-) Bank (rad/s) - 2.7+£5.7* - 7.6+6.9

Values are expressed as mean = SD for each group. Statistical significance was set at P < 0.05.

*significant difference on t-test. DRL, disc release

230 (A) 25 (G) I TEfmEEL U U —ARFO4 T EHIE B ORI
F4, BBRERE ClERIENE L A BRI DA RIE, PIEE (M
2-3A) LAV HEE (X2-3B) Tholo, REGHEHE TIdEREREE A 23
JEDRNZA B RARREBILR NGO T2y WIEEE & ORIA B 22 AHBEBEAR TR
D ORI oTe, ERIEREE T 4 A7 OLEEA (L&A X 2-3C, AHEA
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2-3D, Mz A : X 2-3E) OMICITEEEE LICENENA B RAEBEEIR DR D
SN oTe, E&REREE B TR AEE (X 2-3F), £« AEEaEEE (X
2-3G) ORNTITZZENENHEEE HICHERMABEBEGERRO Lo T,
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z 70 r (A) r=0.818, P<0.05 @ 70 r (B) ¥=0.798, P<0.05
- 60 r ~ 60 r <&
] 5]
% 50 | % 50 t
E’ 40 r O E 40 r
2 30 o} = L O
2 PO 4 =~ 30 o
g 20 (0 @ §o S 20 t
E 0 £ e
2 10 F o —0363 ns. 3 10 r=0.701, P<0.05
: 0 1 1 L L L J : 0 1 1 1 1 1 J
= 14 16 18 20 22 24 26 = 4 6 & 10 12 14 16
Initial Velocity (m/s) Spin Velocity (rps)
g 70 r (Q) g 70 (D)
5 60 ¢ é%g}rza 169, ns. g 60 %FO.%& ns.
L = 50 F &&
z 40+ P Z o
a
= 20 00 P 4 s 20F 4500 ©70
e 10 | r=-0.340, n.s. e 10} r=0.125, n.s.
: 1 1 1 J : 1 1 1 1 J
= 0 = 0
0 10 20 30 40 -20 -10 0 10 20 30 40
Nose Up Angle (deg) Right (+) Left (-) Bank Angle (deg)
g Zg [ ) Zg [ (F) = 0548, n.s
@ r ~ i
(5] 5]
<
§ 50 :é 50 %&@0
2 40 t S s} %
Q o
s 30 2] 30 rogo &
= - o o)
= 20 + = 20 R 9 @) @)
2 1o £ ®
E r=-0.103, n.s. e 10 "= 0.513, ns.
h O 1 1 1 1 J : 0 1 1 1 1 J
-30 -20 -10 0 10 20 30 = -30 20 -10 0 10 20 30
Angle of Attack (deg) Angular Velocity of
- Nose Up (+) Down (-) (rad/s)
E 707 (e)) r=0.228, n.s.
g 60 QPO
= <
g 50 r (X
-‘é 40 O
0 30 f @ < Skilled Throwers (n=27)
T 20 0© 8 O Unskilled Throwers (n=20)
S 10 Fr=-0162ns
=
i 0 I )
-40 -20 0 20
Angular Velocity of

Right (+) Left (-) Bank (rad/s)

Figure 2-3. Relationship between the throwing distance and each kinematic variable of the
disc at release.
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Bafh B

Potts & Crowther (2002) %, JEJHFEERIZ L - TEXNHT 4 A7 IHEHT 5
HZEFR L, WIETFOBLENST 4 27 OFATRHEIZ DWW TS LTV 5,
ZHUC L B & BGE 20m/s DEEIZZERN DT 4 AZIWERT 5800 (74 A
7 OWELTITIR & IFia E (B < 7)) 1E, EHAAD2 ENG-3 EDORFZ RN
HZEEHFELTCND, S5, BXANEI0EBLUE2 EORE, HiIOK
TSI, ENDBRONCRD2ENGI EORG LA, ERENL 2B LT
NS 5 2 ERME ST b (Potts & Crowther 2002), DF V| 7 4 A
PIERB LY V=R SN, 2O AEZ/NELTDHZ L, T4 A7
ERT 25 BT 2 MA . SRINTINET 5 72D O LRI LOEEED D 720 Y

— ARBFANEDL T DICEE L D,

MR EIRTAE > L TWDH R RO L CERE ST, BTG
AL TCHBMERT 5 L. MO MEBIENY ML E G2 b4 NI X 5 E
B )7 MV Ol HIZER T D E D D ICHBIZEES LD 5D (FRZE 1996),
ZOEER AL, fAEE &Y ~LA 90 FEREE S CTEIEE )7 MVICERS
EEDOFMTHD, 2F 0, MROEBIMAER T MVREELS~2 kL
ZIBWT D LD IZERCOHTMICEEET 5, £/, ZOREHEDOKE I
AV HEORE S LEBIORKRICH S (EHE 1987), T i P v A aililf
EWVS, Thbb, MROAEVVEHENESENLEEDIZE, ZORBEE(L
SHLI ETHNDOREL/NSLSTDHILENTE S,

—H T A AZITHAA 0 L) BRI/ N S WEBTHRIFIH S &

\

LT, EFIEGHARZORKICEY . ElEETFE S & Btk sl 225 o
TERIZ L > TEWEANET S (Potts & Crowther 2002), & D ki & EEIZB 1T
% T DOARLEIHH Pitch Bha] 0 (BB E RS D) (EvF o 7E—A L R)
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L%, MAANPH ELUTOHE, TR ZERIELE Y F 7/ E—
AV EIBRT 4 AZIHER L, AN EE FRIS2ADMEIZRD L 2EIZEN
3% (Potts & Crowther 2002), & L A &L 23 HEFHLIEZ D J71% Pitch #5012 F
ME LAY, AOHXALHNSE S, THUTETTMNL%2T %
R AT IS Y, T A7 IR T T 5, FHUISH L, T4 A7 D5

HWEDAE AL, By F U 7ET—A FOEMAIZE > TAL S Pitch £ Y D
T & [EdzZ Mz % (Potts & Crowther 2002), DFE V., T 4 A7 DEHED A Y

YE, FOVYA vl EED D, LIRS TT 4 A7 OYh, AV HES
HmEt2 Z S Ko TEKIEILOD e WEESE U U — 2 OB L OZE D%
DFATIZEWTHERFT 5 Z EMNATRE L 72 0 | FRATEEBEIIHNT 5.

ABFFEIC I T BB D 2 &0 T TR E R IC TR 14 fif k& W
2R L7z (A RE 11.5rps, AREBRERE 8.31ps) . Zhuid, U U — ABF DR
FHEOT 4 A7 ITRBMEREICHAT, WUy A itz /L Tns 2 &%
BEEL TV D, BEREDE 2 A OFAMEIE-0.6 LI KX OEER 213442 & 3
WS (FE2-1), 8 ELITFICHAM L TWeE (K2-3E), F£/o, REBHERET
1T, FEAEMRZEDNE11.0 FE & IRHPAIC/AN LTV DS, 6 L& FRE, BliEiE &M
FRIZH8 FELL R LTz, 2F 0, VU —ARFORBMEHDOT 4 2712
(X, BERE L RIS Z OB % FmE BRIy F o r7/E—A v
FBMERLTWS, 612, U U —RBRCBIT 2EEERED | - o s 4
1%, 29rad/s & DTN LM EH A THT-DITKE L, REEEFETIE-7.1rad/s
ERERTMEFMORBOEAPHER I N, V) —ARHZIBIT D, KEBE
TREORM L T X FROERBOEIL, VY —ARHIERNDT 4 A7 ITE
AT2EyF U TE— A NORBIZL DO THLEEZBND, T4 A
T DOWHEREN K RELRD Y Y —RERNZ, RERQRE Y F U TET—A
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ST 4 AZIERT 2 LR SN DD, REAMEROT 4 ZA2713TV ) —RX
NI DO A HEN R Tholcloh, AV OMFEE+73ITHL T &
NTET, FTREHFAICEBENREL L LIZEEZOND, ZHICE ST,
T4 A7 OZEKEPUT BTN L, RS 1 TE &tz I Z LT
Iinotz, LIER-o T, REWEIZE > CAY VIR ORBNE, e HE s 1y
IMEFEDT-OICHBERERThH D Z L RRE ST,

KAFFEIZIBNT, U U — RO 2 E U E N E L TIFR U AR LR
BIHE OLE BN T H, ERIEAEHIAEE L 0 /N SWEZ RSB O
bt (K2-3B), ZORMEEDY U —RREOM 2 M1, BBEFEOIZ A D
HHERESBRZDEHLDOTH-7= (M2-3E), Rk L7ZL 92, T4 A7 3%
DO - T, RERFANT 4 A7 IZ/EMT % (Potts & Crowther 2002) ,
DFED, ZOX ) RMEMAFFORMHE LY U —RER IO AP RKE D72
7eh, VU —ARHZBWTT  AZITEMT 2 225tz igim L 22 &
NHERI SN D, LER-T, VU —AROAE VEENRAEE L IZIERETH
ST LTh, T4 AZIFAL—ARFATHINEEEL 720 | @R IEREDMB O 7222
Sl EEZABND, ETo. REGHEREORBRIEEE & WIHE ORI A E 72 AHE B
REMRETHZ N TERNo7z (K2-3A), Ziux, VU —RERTETT 1 A
7 DWHEREZFmDHZL LTH, REWHZAZHTOIRAEEN L o172
D, VU —ARFICRE RZEKIRGINT 4 A7 ITHEA L. E&REHE A X2 &
MNCTERPOTZZENBEROVESELTEZLND, UEDOZ b, K
AT Y —AROA Y VHEZHNESE L Z L2, BxAmz/hs<T
DDA I S DT DICEETH D LHEERIN D,
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BSHE Ei®

TIATT A AT DT Ty REEEETIE, 74 27 OO
IO T= 3 DEEI: S D~ & J)FFERIH ST 2> Ty (RIER 1D, L
Teino T, FREROFIRRIIAAMLEE ThoTe, £ 2 TAMFED HYIX
HAHETE L RRETED 7 4+ 7 v REEBIEICB T 5. 7 1 A7 Ot
&V U — RO ) FHIEEDBURMEICOWTH LN T2 L ThoTz,
AWFZEDRERD D . R ETE ORI 2 NS D 20t sh b~
THRL, ACVEEOHMNTHL ZENHLNE o7, BEEDA Y T
U U —REEDOT 4 A7 BBEOEAL M DR %>, TDOH, T 4 A7
UV — AT T M 652 1T 5 2RI 2 RS EL 2 <, RLA—R(Z
RO Z EBNATREL 725, L3> T, REAMETEHIA &0l 2 8N S+
5T LIRS TRV REWREKRIEREAGD Z ENARRICRD EBEZ B,
Frz, VU —RAROAE U E RS L IRITE CEZ R LTRARE O%E
IZBWTH, ERBHEAREE L /N SWVEEZ R TEAZEO b, Z0
£ O Il i 2 FF O R O A . U Y — ARFOEZ AT, BEE O Z A
DEiHAERESHBZHLDTH-T2, 2FV, AV VHERFR L TH-T2L L
Th, WX AOHEIMIfE->TAHEL DY U —RARFOEKIRFTO BN A, w5
NS LEEEROOE D EHER S LTz, LI - T, REMEREOERIERE
EHIMEED72012, VI —RAFFOAE HEOHEINIINZ, XA Z2/NE<
THIELELEETHDLEEZ LN,
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BIE T3 T NVINERBIECBITIDZRIZIIFIAVITIT A RARID
SKREMBE DR . T A A7 CERT I HEEHE R VE
EoBEFE (FFEBEE 2)

H1&H H

AR L7z X 912, ZNETHREELERFOMTIR, 747y FRAr—0K
TEHMZMEE 57201, AV VHEAENSELZ ENEETHDH &
BORBLEPODER SN TE L, £72, BURFEREHWTT + A7 ORITRHE
HRTTART)FIIETIE, AENTT 4 A7 OEBAELE S F HEBEREE
ERFOZENHESINTE L, Lol EBRICAN T 70 F A —THRT
HL7eT 4 27 k5L L, AV OEEMEEZH LN LIRS 72 578
W, ZIC, FH2E WFERE D) TIE, BE R L RBMREREO 7 + 7 N R
EREMEICB T D, 74 A7 OIS U U — AR ) 5H9 28 8 0 BRI
DUWTHRES L7z, £ ORER, AR OB R IEEETR 2 5. A B @I58 1.4 65
DFENENEINTHER S, AME IR ER LV ARICREVEE TR L
7o S HIT, REMVEERE CITEKIRE & A v 0l B A B 7248 B BIER D R
Nico 2O XD BREMITMOER THERT L ENTE RN -T2, LT T,
52 ® (BFFERRE 1) OFERN S A B B OHNNE, AREEE 0O 1 B ER A
MOT=DITEBIEINHBERTHLZ LR BN RoT,

TART DX BRIRBICAC L 2525 HIEE 255, —DiET 4 A7
Ofx OVE) WZHLEIET LI RO hEzzx s, TRbbH L5\
THLZEILE-TALDEEES (IDE—AV ) 2525 FKETHD, b9
OEDEIT ARV HEBR LA Z LICL - THEL DS (MvY) 2525
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HETHD, Lnl, 77y FERIEIZBWT, EREO 2 >OEER) A
TART DAL VHEICE R DEBIZ OV TIEH L NIZ I TR,
AWFZED HBE, RETE & RBREREDO 7 + 7 > REEEEICRS N TT
A ATIHERT D hoT—A 2 hE b r 2ERIEL, TR 2 SD[EEE S &
A HREORBRREELZHOMNCT L2 ETH D,
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F2HE HiE
B1EH X

BART VT 4 Ay NERFHERSFEONMLOKRFET VT 4 Ay b F—LIZHTE
LTWD BN 104 GofeiE : 3~448) 2 2RERE (450 21.7£3.9 7% ; (AE
65.8+4.7kg ; H & 174.743.4cm) & L, 7 4 A7 AR —Y OO oW FH 1
A 114 (5D 21.4+1.5 7% ; KT 68.447.1kg ; B 174.346.9cm) % REGH G RE &
L7 BTOEREIILAFE ThoTo, EBRICEEL T, £HBRE LT O IR
OB R ORERNEOBRAZIT, I ~DRIEZG- ETEREZIT>7, 72
B AFRIEFRRFREGURE AR R R AL B2 0KR LG TiThh
72

B2 ERREE

AWFRILE 2 B (e 1) EREROT 4 A7 AL (p. 1728), £
7o, mBEEAT O BEOBWBRE IR DR, ERGET. 74 A7 EEOKS~
— A —DHEFIEZONTHH 2 5 WIEIRE 1) L RO GIETIT o 72, AbF
TR CIE. AR OB C & & RS E O SRS S~ — 7 — & 255 LTz (X
3-1). B~ — I — 13K HERE ORGE O LA OE T (£ 24U LLB &
RLB) ., E Eix (IN) . 25 7 SHHE(CT), ZEA DEIER (£ € LAC & RAC),
T X paoo i BAET O SMAI_-RE(EL) & AERE(EM), RUEZRIRZEE (US) L BEF
el (RS), HEfaPPEEAn (MP3), H_fEREIEEMS (FT) 122
nNENEE STz, 728, MP3 & FTIZER Tmm O~ —H—% ZiLish
TILER 14mm O~ — I — 2 A Uiz, (K& T & Lo ~—7
— IR FICEBEES Sis, F~— B —0 3 RITEEE IS 3 kot 3 Bh#)

YES3HTHEE (Oxford Metrics Inc., Oxford, UK, VICON MX)#% H W TEHAI < 4172,
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FLERICHE SN2 10 BOFAA A ZIE, VU —AFHEDT 4 A7 LR TEHoD
EE)Z IR CE AL OB TEF LMD L ) ICHKEI L. o7 o BT
500Hz |25 E ST, AFRDOEMEFELER (Re) 1L 10 BDH A T DO HF A
& UV R DAY RV Y6 & ZolZENENHE TE M ERE SR & S,
ZNHIZHEATT 57 ML x Xg & Uiz, mEERHISHERE DL RS> E XD
T 4 A7 DSMEIZ B U7 LS O ERRIEREE L, B E RE W THIE LT,

Figure 3-1. Reflective markers (black circles) attached to spinous processes of the 7th
cervical vertebra (C7), deepest point of the jugular notch (JN), lower end of the 10™ right
(RLB) and left rib (LLB), lateral superior tip of the right (RAC) and left acromion (LAC),
most caudal point on the lateral epicondyle (EL), most caudal point on the medial
epicondyle (EM), most caudal-lateral point on the radial styloid (RS), most caudal-medial
point on the ulnar styloid (RS), third metacarpals on the dorsal aspect (MP3), the dorsal
aspect of the distal third phalanx of the throwing hand (FT), disc centre (c), and the other 2
(a, b).

F3IWE R

F2wm (MR 1) RO HFEZFER L (p. 18 2/8), A 7=
WEWTE I (27~31Hz) X TH -7,
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AT TARIDAYVEEOEHFIE

F2E (WHERRE 1) LREEO (2.9) (2.10) (2.11) (2.12) XA&EHEHL.

HH L (p.21 ),

WS5H FORKRMNELT 4 A7) ) —ROBEROREFIE

182 2 L NATRE R B FHA 2 I RS TR 254, U ) —AERNCA L 58
TEBEOTE OIMNET, EDEZICE ORERNIEER 2 5| X 29720, &5
KROMEZ @D HIZDICHEHEREEL 70D (BE 1992), L7eAo T, BFERS
RVET, TAV A7y PAR—VTHWONLEENEZXGR E LIz A F A
W=7 AFGETIX, BORFIMNENS YV —RAETHEERXME & LTHHrE
AT X 7= (Feltner & Dapena 1986, Fleisig et al. 1995, #J: 1992, Rash & Shapiro
1995, EHH 2008), L2 L., 74 A7 OEEMWEEZRG L LIcNA A AT=T R
WIEIE. THETITON TORNZD, SITKEZRET 2720 AR R0,
I TARBIRIL, BRx REEEOIETER SN TWD, B DEKIMNERD B
VU —=RETET 4 A7 ORI & ER L, SITXKE & Lz,

JE DAEEBN 2N e KITEE L7 R 2 e T 5 72, Rl S i it~ — 7 —
DALET — 2 % b LIRS E L FREOBEEE R 2 E L (X 3-2), (K
DY A% R (Runk)l L. LLB & RLB &5 558157 OH 2D RAC & LAC % #E
SBIT ORI D XY MV Zink #ll, Ziunk X2 F/L & LLB 725 RLB ~[A]
IR MIVONEIZE > TEHINZANY V% Yk il Yk X2 bbb
Ziunk N7 MIVOAFEIC L o TR SN MV E Xk Bl & L TEFR LT,

b GE R D B 43 FERE A (Rupper arm)(F. EM & EL Z 55 55855 D HH 226 RAC ~[f]

D39 XY N IVE Zupperam B, Zupperam N7 F L& RS & US Z#E S8R5 O H s
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5 EM & EL &8585 D H A7 9 X7 RV OAMEIZ Lo TR Sz~
7 N V% Xupperam Bl Zupperarm ©X 7 NIV & Xupperam X7 MV OAFEIZ > THH
ST MV % Yupperam $H1 & L TER LT,

RS9 % EEB ORI 72 F A A 7 — A TR S ivic, RS SR
(Rupper arm) D [EIERDNEAFF I Zupper arm — Yupper arm — Zupperarm C 8> 0 72, — 5 H D EI#xE
IR OWNE - ShE. R ORERA SR - iR, = H ORlER A KSR - oK
R E ER LTz, B SN E OMEAEN E— 7 123 LT R & 8 Ok
HERE (MER) &EF L7z, Eio. RFRTIET 4 A7 OFL0 S HEEENRD
PREEDS T 0 A7 O (0.137Tm) KV REL RolcBiilaT 4 A7 VU —2X
(DRL) &EF LTz, £, VU —ADOBMZ 0f L LT, MER 75 DRL £ T

7 TNy REEEMEORONERBE & E&E L. o0 XKHEE L=,

Figure 3-2. Schematic of coordinate systems of trunk (Reunk) and upper arm (Rupper arm)
segments.
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SITHPRZR WV, LIER-oT, VI —RAEFETT 4 A7 DU ATHEL TV HH
F L & AR D OER R L UCRRE Lie, JEMERAER LT 4 A7 ITHE
M L2 & % hHEESEN BT 1 A 7 ~EH L7271 (Fainger globar) & RE L, ==2— b
v OIEE S FRAE AW THEE L,

Fiinger/global = Mdiscadisc - Mdiscg 3.1

72E. G DRD maise 137 4 A7 DER, adgise 13T 4 A7 PO RO ENHEE |
g IXHEIIIMEEEZ L L TV D,

AT, T 4 AV BT 2 J1F BN A © RN 5 2 5 2
EHERT HT2DIZIIDEF— A FNraise) & MY (Traise)) @ FZH LTz, 7 4 AT~
TERT5HDF— A2 FNraso)l T 4 A7 FUb 5 (B c) 6 g5l (5 FT)
BITT 4 AV EIER EOF— A N T — AT N U(tertrdise) & T A AT ~E
M35 BAEHIER EDE TR b (Fhingers global) &2 T A A 7 JEAE R DAEIZZSHa L

:/El\jj/\‘& ]\ /l/(Fﬁnger/Rdisc)@%i/ﬂEfc: J: e "C/%.Hj L/fio

N Rdise = IeFT/Rdisc X Ffinger/Rdisc 3.2)

T AT ENER E DT 4 A7 OAEREIIULFORIC L > TEH L=,

Haise/Rdise = Ldisc @ Rrdisc (3.3)
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T4 A7 MEHT D VT (Traise)ld LT O A 7 —OEH 7 A % Fv TR
H L7z,

d

— Huise/Rdisc T @ Rdisc X Haisc/Rdise

dt

= IcFT/Rdisc X Fﬁnger/Rdisc + TRdise (3 4)

d .
AR T, EHdisc/Rdisc 1T7 4 A7 RBENERER EOAEENE T h LA R

[y LT2AMERE— A o BT RV, @raise 17T 4 A7 BENERE R LoD R~
7 NV, Haisordise 157 4 A 27 BENERER EOAEE BT BV, rerraise 157 A
A EFER EDF—RA L N T —LXT RV Fangerrdise 137 4 A7 ~MERT 27
A AT ERER EDOE TR MV ERLTND, ZLbE HWTT 1+ A7 Bl
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EBITZ OEAAE VI bV ZEY T 2 LIRHRZR WA REFSETIET
A ZAZVHNERT D bV 2 (T raise) DVER S 2 RARRIIC R & L. (3.2)\B &
V3. 4z &> THEH &4 72 Nraise & Traise 2 ENVEINT 4 AT ~MERT 20D
F—AV MBI MVY & LT, Zasc WG IRID ST OF—A L & M7 i L,
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& A Y VHEE O BRI AR D 72 DI E H &7, MER 2> 5 DRL O XIZE
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BTEH HEHT
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Do BEDOKRWERE ROV, N Z G TE & RS T O FH %
KL TND, Flo, ZL—BOMNT A VIFEHEREOEER L TN D,

3-3AIZEBWT, BEERED A IS MER B IZIEOfEE 720 ZD
BAIZHIN L T e, RABERETIX. MER LRI DIEOEZ &0 | B
IZHEM L T 7z, DRL KFD A B P 3R ABRE E  (52.248.2rad/s = 8.3+1.3 [A]
Ha/F0) (ZHe, BABRERE (78.9+3.5rad/s = 12.6+0.6 [Bl#5/f)) THEIZEVVEZ R
L7,

3-3B 2BV C, BHEEED MER O I DE— A > ME, 1ZIE ONm ThH -
Too FOHBABITHM L, DRL BANCE— 7123 L TWe, REGHERED 1D
F— A Y ML MER LRI B IEDEZ 7R L AR &2 7~ L7253 5 DRL
ERNCE—Z I L TV,

3-3CIZBWT, BVEERED b L2 13 MER BT HEGEICH N L, MER &
BT — 2712 L TV 2, MER R ICEB W CREGEERED L7 131F1E ONm T
ol

39



MER MER 7 100

Skilled Unskilled
N
=
=.
=
<
@
e,
(=
&
c.
<
~
-
®
=S
skilled (0=10) ~ =——— ] ) &
Unskilled (p=11) ===
r T T T T T T T -40
-0.05 -0.045 -0.04 -0.035 -0.03 -0.025 -0.02 -0.015 -0.01 -0.005 0
Time(s)
(A)
MER MER 7 10
Skilled Unskilled z
8 o
2
6 =
-
=]
4 ==
e
2 a
3
Z
0
=i
-’
Skilled (n=10)  e— 12
Unskilled (0=11) = wm -
r T . T T T T T -4
-0.05 -0.045 -0.04 -0.035 -0.03 -0.025 -002 -0.015 -001 -0.005 0
Time(s)
MER MER ] - 10
Skilled Unskilled Skilled (n=10)  —
I Unskilled (0=11) m - g
6
-
¢ 3
=
2 =
o
°© 2
)
-4
B - {6
-8

005 0045 004 -0.035 -0.03 -0.025 -0.02 -0015 -001 -0.005 0
Time(s)
©)

Figure 3-3. Changes in mean disc spin velocity (A: top), moment of force (B: middle), and
torque (C: bottom) in skilled throwers (black solid line) and unskilled throwers (black
dashed line). Grey lines indicate for each thrower. The instance of disc release is denoted as
t=0s. MER, maximum external shoulder rotation
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# 3-1 1T OHTXE (MER 705 DRL O X)) (128175, AL VEEOE(LE L
HDE—AL FOAITE, BEIO M OB NFEER LI, £, T bzl
BER CHERHAMNC IR L2 R 2R LTS, J1DT— A 2 N O IFRITARRA
B RN BHE T CABICREWEZ R Lc, MV O FEITRAME
PRI E CABICREWEZ R LT,

Table 3-1. Statistical comparison of change in spin velocity and kinetic

variables between groups of analysis interval.

MER - DRL
Skilled  Unskilled
Variables (n=10) (n=11)
Change in Spin Velocity (rad/s) 82.8+16.0* 31.1+4.5
Angular Impulse of Moment of Force (Nm- s) 0.16+£0.03* 0.11+0.03
Angular Impulse of Torque (Nm- s) 0.06+£0.04* -0.03+0.02

Values are expressed as mean £+ SD for each group. Statistical significance was set at P

< 0.05. *significant difference on t-test

F 321X MER B L 7 ¢ 27 IZER LT DI B — 7 1052 U T2 K5 s (Peak) (2831
D, WHEORENOT 4 ATIHEH LI IORE S &, T4 AZITHT DT
7 NVORERAEDOWEE AR L T D, X 3-4 1% MER ER{7 6 DRL £ TO
B & REHE OT 4 A7 b & hfgiEArs (FT) | 38 X OB (MP3)
OAN-EANOBEES (HRF) 2R L TWD, IPORAIOEZIET 4 A7
HER LI IO RE &%, RAIOAPEIZ IR SAVOT 4 A7 12T HH A
FEazRLTWD, ZRHDOMERFFET 4 ZAZIEMT 51O REINE—TIC
ELIEREROEZM 3-4 (R LT, b, EEEER Re) O Yo himazl U —

AHmE LT, | EMOKENY U —ZADRA > haRLTWD,
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MER FEIZI1F 57 4 AZIHERA LI2 17 RV ORE SIZOWT, WFEOfE
(A B RFEIIHEER SN0 T2, MER BRIZEIT 5 /17 ML OB IL, B
AR AR TRAMEH CARICREWEEZ R LT, 17 PLOKE I
B LTERICBIT 5, 17 VO K E SR BT L CRE
FHTAHRICREWMEEZ R LIz, 17 MVORE IV E—ZTE LR O
TIT RIVOBERAEIZOWT, MO B R AT S pnolz,

Table 3-2. Statistical comparison of magnitude of resultant force acting on
disc and angle of tangent of resultant force vector against disc between

groups at selected instants.

MER Peak
Skilled  Unskilled Skilled Unskilled
Variables (n=10) (n=11) (n=10) (n=11)

Magnitude of Resultant Force (N) 59.1+18.1 56.2+14.1 120.0+£9.5* 82.9+16.3
Angle of Tangent of Resultant Force
against disc (deg) -1.1+14.9*% 28.3+11.1 34.7£84  32.5+£7.0

Values are expressed as mean + SD for each group. Statistical significance was set at P

< 0.05. *significant difference on t-test
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Skilled Thrower

o Center of Disc

oFT Instant of peak

magnitude of

A MP3
force (0.014s)

®——® \fiddle Finger
<€—— Force Vector

YG
MER (0.045s)
R, Xs
Unskilled Thrower
o Center of Disc
o FT
4 MP3 Instant of peak
) ) magnitude of
—0 Middle Finger force (0.015s)
<€—— Force Vector
Yo
Rg Xa

Figure 3-4. Trajectory of disc, FT and MP3 of skilled thrower (top) and unskilled thrower
(bottom) in horizontal plane. Arrows indicate magnitude of resultant force acting on disc and
angle of tangent of resultant force vector against disc from FT.
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35 FAC VIREOE(LEL JIOFT—A L FOATIFE. BL O MV T O
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%t L. BERETIZE D X ) REMRM AR T 5 Z L3 TE e oz, [X3-5B
DRV ONFEE AE VHEEOELEORIEICER TS &, REMHERT
A B FHBIBR N HER SN Dr o 1= DIt L, B ERE CI3A B /A2 FEBIRIR
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E 02, &S
F o L OB
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2 01 <&

2 r=0.326, n.s.

g O
s r=0.703, P<0.05
2 0 v v v v v .
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= . _
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Figure 3-5. Relationship between the change in spin velocity and angular impulse of the
moment of force (A: upper), and angular impulse of torque (B: lower) between MER and
DRL.
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Figure 4-1. Diagrammatic view of the testing environment.
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Figure 4-2. Small reference sticks for detection the motion of upper arm (A: left), forearm,
and hand (B: right), and definitions of the vectors used to calculate the joint angles.
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Figure 4-3. Definitons of the seven joint angles of the throwing arm.
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Table 4-1. Joint angles at selected instants of the throwing motion disc release.

Angular position Subject MER DRL
(deg) (deg)
Horizontal abduction(+)-adduction(-) Skilled 68.5 £ 147 62.1 £14.5
Unskilled 63.5 £ 27.6 592 +t244
Internal(+)-External(-) rotation Skilled -107.1+ 19.7 -743 +£13.3
Unskilled -91.7 + 20.7 -80.7 +£24.7
Abduction(+)-Adduction(-) Skilled 59.1 £ 9.7 576 £7.8
Unskilled 443 £ 193 513 127
Extension(+)-Flexion(-) Skilled -88.7 £+ 74 -362 £6.5
Unskilled -79.1 £ 202 -423 +14.5
Pronation(+)-Supination(-) Skilled -262 £ 22.7% -26.7 £13.3
Unskilled 03 + 142 -254 £189
Ulnar(+)-Radial(-) deviation Skilled 0.7 £ 9.6* 140 £6.1*
Unskilled 16.1 £ 16.8 214 £6.6
Palmar(+)-Dorsi(-) flexed Skilled -50.0 £ 95 -28.3 +£8.4*
Unskilled -46.1 £ 13.0 -18.6 +8.8
Time (s) Skilled 0.948+ 0.009 1.000
Unskilled 0.972+ 0.019 1.000

Values represent mean £SD. MER = maximum external rotation of the shoulder. DRL =
disc release. *Indicates a significant difference between skilled and unskilled (*p<0.05).
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	第5項　肩の最大外旋とディスクリリースの時刻の決定方法
	体幹部に対する上腕部の相対的な方向はオイラー角で示された。上腕座標系（Rupper arm）の回転の順序はZupper arm – Yupper arm – Zupper armであった。一度目の回転を肩の内旋・外旋、二度目の回転を外転・内転、三度目の回転を水平外転・水平内転と定義した。算出された肩の外旋角度がピークに達した時刻を肩の最大外旋時（MER）と定義した。また、本研究ではディスクの中心から中指先端の距離がディスクの半径（0.137m）より大きくなった瞬間をディスクリリース（DRL）と定義...
	第6項　ディスクに作用する力の算出方法
	Ffinger/global = mdiscadisc - mdiscg  (3. 1)
	N Rdisc = rcFT/Rdisc  Ffinger/Rdisc  (3. 2)
	Hdisc/Rdisc = IdiscRdisc  (3. 3)

