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[Abstract]]
The present study examined effects of female professional baseball players’ finger
motions during pitching on the velocity and spin rate of the ball. Four female
professional baseball players pitched to a catcher who was 18.44 m away. Their
pitching motions and the velocity of the balls were tracked by an optical motion-capture
system. Ball spin was measured by a Doppler radar tracking system. The results
showed that the maximum velocity of each part of the body in the pitching direction
had a tendency to increase in order of elbow, wrist, and fingertips, and that, at the
point of ball release, the velocity of the fingertips and the ball was almost the same.
These results suggest that the velocity of the fingertips is an important factor in
determining the speed of the ball. Furthermore, those players who made high-speed
pitches showed a marked difference in the time of appearance of the maximum speed
between the wrist and the fingertips. In addition, those players whose pitched balls
had high spin rates had a high flexion angle of the finger joints immediately before

release, and the angular velocity was high.

289



AR X7 —< AW, 9, 288-297, 2017

1. %S
IR, B ERDE M L, BPERZ i B L TATO KED N A A TvD. 2009 FICH AL 771
BP ERBSAE 23 LS, A 2010 I3 47 BBk — b NI S 7z, F72, 2004 R0 2 FEE
(SR EFER Y 7 MR — L3 B (WBSC) R EA# 95, WBSC & FBFERT — AR o 7 M ThiuCnd. =
NETIZ 6 REITHITEY, HAIL 2008 45, 2010 4E, 2012 4F, 2014 4, 2016 £ (ZEREL THY,
HARD & FEEREFOL LTI E ICEm O ENZD.

THETITHE T (BPER) OB ERBEICEE T 2 RITE 2 ATh T D, FERIFFOEMEZ 58T L7
WRZETIX, FIRB AL OR RKEEITE, H, M, FEOIEICHBLL, RO .LE SR~
R DI > TRl E AN A D FH AN S TS (BT« SE, 2002a) . 2L C, FHROBEE LR
— VI EORARAEFE LA T, A=V EEORWEFOREELT, F— NI —RRFOHFL

HEE DS EVME A 23D Z LW SN TS (@ iiIED», 2000) . £7z, B I1EA(1996) 1%, By F
7 EERE O T BAH 005 3 OV B Ei A1 BE & oD i fE B LR — L EE L D BIfR A B BN L, U —
ZEATTIE, FHREOMIERR —/VHEICREEG L TWDEHELEL TV D, He, R— Vi E LR
— VR BRI IE S WO IE DR BI BRI H AT L3S X3 TWD (i FEEDY, 2008 ; Nagami et al.,
2011). FOBENELR— /L OEHRLDRLRICOWTREF AT 7R T, VI —XERTOF O M EIT
FoTR—=IVOEE G MR ESNDZENHRESIL TS (Jinji et al., 2011). LaL, ZHHHFFED
2T H FEERE FAXMRICLTEY, L FHEKEFAXRICLIFRIED 720, E6IZ, Biir -~
ARG ENEBEZ DN AT B KR FAIRIC, FROBZLR—AVEEEEOEBRIZONT
R AT ST RIT R S 725700,

FERENEIC BT DY —RERTO FHROEESCAR — L O BRI, & Th o BB ThirI L

Mo, ZWET, FHREOENE, RN—/Vl B, N — VR FRHHNE L7 RIE S AL b eu.
UL, T4, @@ X2 0E Al e/ — a7V F v AT A, BERSNIZAR — L O RIS E A
BEFRERR Y 7T =L —F —RKR— N Ty X TV AT LB NDIET, ZNHDOT — X & RIS
BT 52N AIREIC 2> TET.

ZICARMIETIE, K7 B ERERFL LRI, FERREO FRREMEL LOR — /L O L Bl
ZREL, BEERRED FRREMENR — NV OF E B LRI B KT T B OV THLNICT 5L
ZHMELT.

0. 5
IR

W BT, L7 OB R T 4 4 (FEE:19.5+0.6 7%, 5 :1.67+0.78 m, KHE:62.0+9.5 kg)
THY, ETCOETFRHET Thoto. RIFFIL, BREEKE R FMAEL/NE BRI MEELE P
BERRMUOKEZZ T -, R IXRED B Y, HIEEZRPILI %, FICTSMOREE -,

290



AR X7 —< AW, 9, 288-297, 2017

2. ] E N

BB T, R EI1IT = T BLOARN v F o IR E DT+ —3I T T o T o437,
ENOT U RICTREKME ZATOE . Z20%, HR#FIL 18.44m KD FITMr-T, EEKE S
717C 10 R T 7=, JE Tl Lo — i, A KA Bk (JUBR, IX 4EH8) Th o7,

3AIE J5 i

BERENMEIT G20 3 ot EMEMENT S A7 A Mac3D (Motion Analysis 5, 1000Hz) % F ™ CHIE
L7z, B O RS AR L SO~ — 0 —%, RIS 12 5O Raptor-E B AZIZ IR
L, Y77 Thb Cortex 6.0.0 (Motion Analysis #EH5) 2 T 3 WwocJEIE A RIL 7=
(E 1) . B~ —— ORI B, AT, A, A Fw, Tk Onfa o FHEH B
(MP), (7 F5FifEIRAES (PIP), #8556 (EIP), R—/L 2 A (x BT EATARR — L OB DM ) 31 11 A
LT (X 1) . RAERIE, =85 M4 X SilE G, 85 mA Y @iE G, $hE L mE Z e
FmELiz. Mac3D OFvU7 L —Ta fE I, 3 ot 2T HiR 1L 0.48+0.15 Tholz. &
IR EROLOD 3 R TCIEAE L, BAEM#MTY 7 b =7 (MATLAB R2015a, The Math Works #:8) 2 f v,
JEWT BB % T0Hz IZEANFET 2L 4 kD Butterworth BUF %)L 7 ¢ L2 — 2 K> TEEILL
7o, A= OEEEEIIRN Yy 7T —1L — 2 =R — Vb T v¥ 7T 27 5 TRACKMAN (TRACKMAN
) ZHWCHIEL 7.

1 ~——i&

43 EH H

ARFFETIL, A IEE, 45 T8, MP, PIP, EIP BXOVR— /L o>k, F5 8 B A £4 B2, e i B
A, R— L OEEEEICEH L TU TOEBZR L. S KEIEA—/LIY—2ZD 100 ms i
Mo, R—= WV —RFFETELTZ. AR— AV —RRfE, F45 EIP @R KMESHBL R S E R L
2. =B —DORENHLRBIPEBRL, TOF THENEI - 5 RFEEHEWRE DT —HLL, 5
OB EBIOIERER AL ENAE H L.

291


http://sports-performance.jp/paper/1659/m1.html

AR X7 —< AW, 9, 288-297, 2017

(1) 7R — V3 33 O AR A5 AL D T

A= BT 2 RO~—H— DL EEZ R — VO FLDEEEER L. A—VEERBIO)
HIRE AL O E L, T~ —h — IS % = m s 15 (WL - BRI, 2002b) 12> CTRE K
DT HIEICEVBEER G MO EEF L. 7ok, R— I ERbEHELTWDAHRIEFIE Tho7m2k
5, MP, PIP, EIP IZB3 57 —#IXF e DA R LT,

(2) FEH I B &I A L 3B L OV I

FRENMBEEN M 1L, H e MP R PIP 2505 A28y 23 fs PIP LR fR BIP A& A S/ &7
FAEELEFR U, fR M B A L, AR BIET A B A = oy 1 (BT - R, 2002b) 128> T
MM T 5L IVE I Lz, WA MAEZIED R, B G mazaoffineliz. ek, &HiH B
AEBIOAREICETL2 7T 23T RoARE L.

(3) R— L [aldE K

V)—=ZAREO R = VEEHIIRy 77— — X — KR — LV FvF 7 A7 5 TRACKMAN
(TRACKMAN fH81) 2 F W CREIL7Z. TRACKMAN 2B 57 mERENE, 1 4y M 4720 olalisik
THHIEND, | BHT-VOREEEIZZA L 7=. Nathan et al. (2014) [ ZINAAE—R A AZTEHHILIZR
—/VElEEE S TRACKMAN CTRHIL72AR — VR D i 21TV, RARZREZRLL TDDHZ LA H
HLTWD.

5.0 A LR

MSEER A, N—/VIRE O KAE, EIP B E O KIEEL, %28 OF BIBR AR 35720
Pearson OFERMBIREAE T N LZ. BEICITFELE Y 7R IBM SPSS Statistics 22 (IBM /‘fﬂ%)%
WV, WPFRLERER 5k THBEZEZHVELT.

m. #&5%

BJ 2 (38 HeARE D, R— Vi E B I OE KA OEEORAFZRLTWD. R 11X, A—L
BIOHERE A OB KEHEZRLTWS, 2 TOMBE BT, FHHE, F 5 HE, MP #HEE,
PIP J#E, EIP 3 EEDINAIZ i KR E S m M m 28 b7z, X 31, EIP O KEHE LV — R DR
— VIR FE LD BAFRE R LT, BIP Of K E LR — L FE XTI R CAEZ R~ L, mE OMIIEIE

FAZE W IEOM BABIR RO BTz (r=0.979, p<0.001) .

292



AR X7 —< AW, 9, 288-297, 2017

-100

Subject A r 40 Subject B r 40
+ 30
g ______ - 20
H 10
- . T T 0 * ; T T 0
-80 -60 -40 -20 -100 -80 -60 -40 -20
- -10 - -10
Time (ms) Time (ms)
Subject C r 40 Subject D r 40
- 30
L20 2
10 B
T T T T 0
-80 -60 -40 -20 -100 -80 -60 -40 -20
L _10 - -10
Time (ms) Time (ms)
ft - F8 MP - - - PIP EIP — A -l
2 R—/V B I OE R4 AL oD L
F 1 R—/VHE B L OB AR AL D e Kb
(EOE+1EERE)
&= FERE MP& E PIP®RE EIP®RE A=l RE
(m/s) (m/s) (m/s) (m/s) (m/s) (m/s)
Subject A 15.4+0.2 18.7+x0.2 23.7x0.2 27.7%+05 324+04 32.0+=03
Subject B 145+0.1 18.7+0.2 23.1£0.2 28.0+£0.3 31.5+£03 31.0+£04
Subject C 13.7%0.1 17.1%£0.2 21.4+04 259+0.6 28.9+0.4 28.4+06
Subject D 12.6+0.2 15.4+0.2 19.6+0.3 229+04 26.7+0.5 26.4+0.8
35 +
Q
E
# 30
1)
I
2 25 y=0.98x + 0.15
3 r=0.979
| p<0.001
1z
20 T T )
20 25 30 35
EIPO&KEE (m/s)
3 EIP O3 K BE LR — L O fg Kl B & D BI1%

293

SEE (m/s)

EE (m/s)



AR X7 —< AW, 9, 288-297, 2017

2 1%, BB e KOH E HBLRERE], MPay REOAR — L IS IO, A — /Ll O N &2 R L
TWD. B KGEFE Y BIRERT 1T, AR — DU —ZREMND, 45 5L 0D Fie KH FE H B A T O R & 3%
L7z, AR— VI EE DN &L, AN— V) —ZHEE)ND MP 0 fie KBS EE H BLRF I 31T D78 — /Ll
JELDZELL TR, R— LV — R EE N E V) Subject A, Subject B I, o> 2 FITH_THR—
JLIRFE DB A K&V ME 2 S 72. £72, Subject A, Subject B 1Zf, =, MP, PIP D& KiK
FE HBLURE ] O 72 3 BH 3 ChH LD RS-

%2 IR RO B H R IR - MPmax BN — /LI B < AR — /L 3 B oD B N B

(EHEXRERE)
Jﬁ’max ?Emax MPmax PI Pmax Mpmax E§® '—T—\ _Jljizrg@ig BDE
(ms) (ms) (ms) (ms) R—ILRE (mls) (m/s)
Subject A -58.2+0.8 -8.8+04 -4.0x£07 0.0+0.0 299+0.4 21x+06
Subject B -49.0£1.2 -6.4x05 -48+0.4 0.0£0.0 28906 21+04
Subject C -45.8+1.5 -2.8%x11 0.0+0.0 0.0+0.0 27.8+0.7 0.6+0.9
Subject D -56.8+1.3 -10.0+0.0 -1.8+04 0.0+0.0 259+0.5 06+03

R—JLEEOEME =R— L) —ZEE - MP s B DR—)LEE

4, X 5 RIS A ERIOAEEAR L. 36 312, FeHER B aTEhiE, LA B,
YU — RO T HE B AL, R — LRI A R LTS, FE TR B 44 B 0o fe K & 10 ] BE A 44
FE D e/ Ml & D 722 FR E TR B G rT B, i 5 B & A B O fe KA LA — bV — s D 45 B i A4
JELDEEHUIARAELER L. ZNHDORIERNPLI G2 L1, Subject B X 3 B FITib~
T, R—/LEEEE A @<, F£77, Subject B 1Zfthod 3 BFITH AT, TR fTEIES /NS, LA
A FEINREL, VY — R D45 BIE A 3 B 03 sV ME ) 8 b Tz,

- 160
- 150

=)

[

KA

140

\/\ 4 &:

Pl / 1‘ \\\
'I, \\_,,-—~\\\:\\/\”~/’ // W 130
r T T T T 120
-100 -80 -60 -40 -20 0
Time (ms)

— HREA WREB - WREC HRED
4 TR

294



AR X7 —< AW, 9, 288-297, 2017

r 3000

- 2000

-

AY
\

L\" 8
l?iﬂr —%Q( TN / /'
100 \MWao N 0 VY,

T

1000

0
(
-1000

]
I\'

BIEE (degls)

)
\
1\
\
\
]
\
]
]
[}
]
1
\
\

-2000

-3000
Time (ms)

— WREA WIREB - HUREC HRED
5 THA B g

# 3 FH B AT EIE - FILIA B S - VY — IR D 45 B Ef A L - R — L [RIER ER

(FEHiE+ELEFESE)
15 ERfEIBA B o] EniE BLIAH B E 1) — 2 8% TEERI RIS A — L EEE
(deg) (deg) R (degls) (rps)
Subject A 26.70x£2.0

32%x14 -1694 £ 383 27.0x1.0
Subject B 16.80+2.6 9.1+2.6 -2467 =289 329+0.8
Subject C 18.70+=3.3 7.7%+3.2 -1874 +=198 27.0+13
Subject D 26.50+29 19+1.38 -1446 =117 26.0+=10

¥ & F BE & =] EhiE = FREA Fﬁﬁﬂﬂﬁﬁﬁgmax'ﬁ'ﬁﬁ & @ﬁﬁﬁgmm
BLAHAE =R EI BT A Era - R—IL) ) —RBDIEH RS & E

V. %%

ARBFTEIL, 77 0B ER SR T2 X510, BERFO AR EMEN R — L 35 L OVR — /L AR 4502
JIETEEICONWTHONCTAZEZHHLE:. Z0OE, 2 TOHBE B WTHEE, 5
BREE, MP BEEE, PIP 3R, EIP 3 DOJIA|Z i KR FE D @ <A m 2 b, £72, BIP O KR L

A=) — 2 I TIFIE R CMEZ R U2 8030, EIP O K EE 2SR — L fE 2 g+ B g/ g

R ToHHZENH LN ST, Fiz, FBEOHEBIOR— VR ENEH VR TFORBELT, TEl
R IE DR GE EE H B R 72 2 N D 2 E BB S VT, AL, AR — L [RIER A A =\ O T O fF
e T, FHEEATEES /NS, FLIAAS A R REL, ﬁ)OUU—XH#@i?a BE B £ 1 B A3 i
HmMN AL,

AWFFETIE, B TOWMRE TV CRERE, F A, MP &, PIP 3, EIP EEONAIZR K
HEEDNE S, EIP O K EE LR — LD — 2 BE L O ITIEIE R IS @m WO IEOAE B BIR SR b7z
EEIED (2000) 1%, #EE NBFERBLORFHERT — L0 5 - HFE2X4U, ©yTF U RO FHFO
& AR — Ll N OBATRICOWT, BT U VRO K I X F 1, MP, PIP, EIP DOJIEIZ K EL

— LYY —RRFEL EIP O KR FE EOMICIEOMBEABIR R HHZ a2 HEL TS, ZIUTARMFIE

295



AR X7 —< AW, 9, 288-297, 2017

DFER LR THD. RFRIBLOEATH RO RE SEXDHE, MWV — LV EEESTDIT,
KRN LR FTho THIFEOHEZFDLNENHLES 2D,

R—= V) — 2 FE N E o7z, Subject A, Subject B OFFMEL T, I, T, MP, PIP O K
BRI B 72 2803 O, SHIT, MPrey REDDHR— LI —ZETORHI RS, ZOXH TR —
JVIREAAN D 2 BFITH AR TIVINEL TODHIENFEFR I, mifEIE)~ (2000) (3 — /L O &
WBFHETFOFREEL T, MPoy FEDDAR — VIV —ZFETOR N EL, ZOXRETEIDAR— 2 iE
SR TVDHILERIEL TS, ABFFEOREFIL, 1ZIEFEEIE) (2000) LRI GE R ThoT-. £z,
AR DT, & F RO EE Y — 7 RFRI RIS T IVRDD, B (RO HLE - 63 BE 53 R i
MEDDMANL, FHLEEERH O (2002a) LA Th o7z, T, mVR— VR EZ S TE TV
L F 7T a B R FIEL, R— VIV —ZERTOFEOEENR B & F L TWDERIR TED.

INETOWIZETIIR— /LI — R EE LR — L [A[#EE O BIZITIE D @S W BIR 23 H 52 &M
WESNTVDA (FREIED)>, 2008;Nagami et al., 2011), AMFIETIX, R—/LHENEWHDIZER
— VRS B O ETBRSAVME A RSN (R 3). FOEhEEAR— L OREEREDBFRIZ OV TR
FEATSTWZE T, VU —RERIO FOME LS TR —/LOREE T A 3 E S NAHZENHE S
TWA2 (Jinji et al., 2011), BEERIEDIE DB XK — /L OEIFEIIC G- 2 AE BTN ETICHES
TR, R— LV [EERE D D BV MEZ 7R L7Z Subject B TV —REFO R BEETAEE R EH W
R Ao, RERFICEWT, A=A U —XERNCFHRESHNEEL, ZO®%RERL WD
s Abniz. ZOBE TS & F THHMEINTWD (EfEIZ2>, 2000). VU—RER], RN—/LiE
B F A~ BET5Z812KD, ZNETR—IVOE LD FEA~INZHILTW T TIOERNE LD
Fhin, R— L Z[EHRSE DML R AT D (F 16, 2005) ZE0D, VU —ARED T H5 B i A 3 A3
WZEIIAR— VA A R DD ECHEERBER THHIENRETED. Lo T, A—/VEHEHE ED
H7eDIE, VI—AERTOE OB XIZE B L, FHEEHE BRSNS, LA A ERKEL, 230
VU —2BFO TR A HE LR OLILE BB TOIENEE LB XD,

V. £9
ARWEFEIE, 7 B ERE T2 5 21T, KEREFO FFREMEN R — /L E B L OVR — L [al#EEE 12
BLIETEEICOWTHREIZITo. ZOHE, LLFO&BMS Ao,

1) $eEREE, FHEEE, FriEEE, MP R, PIP @, EIP 33 ONEIZ ik K A3 E <, EIP O fg Kl
JEER— W) — 2 L HIRIE R UAEZ /R U722 805, BIP Ofe KR FE D3R — /L) — A5 i A o
ETLHEBERERTHD.

2) HRAEOHEERBIOR—/VEHENESWVEFORMELT, I, T8, MP, PIP O K B H HLRF#
DT IVTODE M A b AT,

3) A= VEHEEDAEVIETFORMEL T, FHEEES TEIRES/ NS, LA A ERKEL, 720
Y — ZIRF O T H5 BEHR A4 3 EE D3 =V ME 1R 3 L Tz,

296



AR X7 —< AW, 9, 288-297, 2017

VI. 2% 3Bk

BT R, EHRRIA (2002a) AR NAA A =7 A 20 G WA FE. BT, pp. 119-120.

- BTV R, EHRRIA (2002b) AR —Y A A AH =2 2 20 F. WA EIE. KT, pp. 165-166.

- Jinji, T., Sakurai, S., Hirano, Y. (2011) Factors determining the spin axis of a pitched fastball in
baseball. Journal of Sports Sciences, 29(7):761-767.

©ORREEES, BN T, VEK AL, SRR (2008) B M OEF R FITBITHR — /LA DR
TR E i, 49 (1) :21-27.

- Nagami, T., Morohoshi, J., Higuchi, T., Nakata, H., Naito, S., Kanosue, K. (2011) Spin on fastballs
thrown by elite baseball pitchers. Med Sci Sports Exerc, 43(12):2321-2327.

- Nathan, A.M., Kensrud, J.F., Smith L., & Lang E. (2014). Testing TrackMan: Just how well does
TrackMan work? Baseball Prospectus, April 2. Retrieved from
http://www.baseballprospectus.com/article.php?articleid=23202.

©CETERA (2005) KVHWR — VA BT BT 10 BPERO B ERB (. Baseball Clinic. 5:29-34.

OBV, BRAREUA, BILIE R, S uERE, ST (1996), BFERORERBNMEIC I DR — L
BRI D B L ORERBEO H A 2R 3% 3 IOTHINETE. (K E#HFJE, 41:23-37.

C mEiEES, LW R, BERHHEA, §H 7 (2000) FEROE Y F U 7IZBITLFRBIOEO#B LR
— VIO BILR. S AA AT =27 ABFSE, 4:116-124.

297



