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Motion analysis of overhand throwing in adult women
—Considering the physical fitness factors affecting thrown distance—

Mitsugi Ogata!, Junzo Nakata!, Akio Yamamoto! and Kimie Kumayasu!

Abstract

This study was to examine overhand throwing motions of adult women. Eleven physical fitness test
items and measurement of throwing distance (using softball) were administerd to 96 adult female
students. The multiple regression equation to estimate throwing distance was calculated by the stepwise
method. The differences between estimated distance and measured distance were calculated. Ten
subjects with higher residual were selected as Excellent group, and ten with lower residual were selected
as Poor group. Overhand throwing motions of selected subjects were filmed simultaneously from side and
overhead view by two cameras. Dynamic variables such as displacement, time, velocity, angle and
angular velocity were obtained from film analysis.

Excellent group showed longer throwing distance (p<0.01), while there was no significant difference
in fitness test items between two groups. Excellent group showed higher initial velocity of ball at release
(p<0.001). Judging from these results, it seems that longer throwing distance was caused by higher initial
velocity of ball, and higher initial velocity of ball was produced by rational throwing motions.

Characteristics of rational overhand throwing motions of adult women which were verified in this
study were as follows: 1) greater backward rotation of shoulder of throwing-hand side in the horizontal
plane during preparatory phase (step motion), 2) greater back-swing of throwing-hand during preparatory
phase, 3) faster forward rotation of shoulder of throwing-hand side in the horizontal plane during
throwing phase (from front foot contact to ball release), 4) skillful whip-like action, 5) well-timed wrist
(snap) action.

The results of this study suggest that five these points should be emphasized in motor learning of
throwing for adult women.

(Mitsugi Ogata, Junzo Nakata, Akio Yamamoto and Kimie Kumayasu, “Motion analysis of overhand
throwing in adult women —Considering the physical fitness factors affecting thrown distance—"", Japan
J. Phys. Educ., 34—1 : 63—72, June, 1989)

1 Osaka Women’s University, Department of Physical Education, Daisen-cho Sakai-si Osaka (590)

NI | -El ectronic Library Service



Japanese Soci ety of Physical Education

64 HHFME HUE B15 FRTF6A

=] -}

RV ORBFERYRET >HENERD S
H, ABHICEZBZEDTELDIX, F—1D
EE, BHA, V) -RAOHIDOIEKTHY,
FOSLBEIKRELREELYROOIZ, K—-1ro0F)
HETHH. X LT IEEYRETHEREL
T, F-— A I b RKELEGHELXFICLDILDHD
B EBREE &\ O ER, &L UHREF
DEBUNRDT LB,

IHhETHEBIFED 2 7 = X ABT58ERK
% edh, [EEBIREBIEIC OV TORAN
RERTEL, ThboBEE\WT [EEN
BWEIE] L L TRbhTW501k, OFEEDOK
? \ ‘%a).zsuz) . &EE*DQh’C WA %2).22).27).42).53)’
®&;§§j D ﬁﬁ ﬁ;ﬁg Ay %6),7).16).29),30).44)@ H—; L7
BEETHH., Lol, BiEQ, TEECHER
CHBYE DB« 7 -l ERT
WA ERENC B b 20nDseande g3 L S BB
Bzt 5> T X, Eh7# D performance % #15
LictXMIET X eV, ¥/, BER, B [#®
HEHBEREBELEOBHE=0EMYOEV-BIE] &
WO RS E SR, ERERCHREER L
POBEHEBEC Lo TV B ENEL, £IIRA
hicEBENSEKEOB S D TH S »LRMT
H5,

523, EBHORE (Performance) ¥ (1)
ATRLTV5D, ZOREEFTORE

Performance=
Cybernetics [ Energy (Motivation)

DOABAIEBIIECBL TKRD X 5 1eE 2 iH
T & %, Energy (physical resources) D 7-%
i3, # o performance (IREERE, #FEE) dH
S HBEBEgEADS  LBMEI R T WD
7)3200.26):35),38).45).46) - i< o R 13 Cybernetics B %
$BI5 3%, Lo L, Cybernetics ER > EHE:, Hl
ET 5 & MM, Performance &
Energy 0 tt®, 3 7ci> %, Physical resources %
Performance i E 2 2 EBOHRTERBT 5 &,
DR E-FE 13 E Cybernetics EEO BN T

WAZEATRBREIND,
AFRTIE, A—A— A~V FRABR—RIBY 7V
bR - VEBEEREORIE & B HRE S L1IHE »»
S bENHREYERL, G HREEY BRI,
EEERYEBRER L T H5EERR 2 E R
WX BEHLA, £LT, EBRORYER - O
AN HHEH X h b TFRIED 22 5 Cybernetics &
KoBhIc 7V —T L H o RBREL, I —
TORLICEBERX=RITHIC 7 4 V234 L,
T sz Lk h [EEOREHE] wowT
BETL 7.

;] P>

ERI, 74V aBENREORKEEYBRS
oD FERER - AHRE L, BEBEO7 114
BYELENOBR LI, AWMRTE, BIF300F
¥RITFE, RAMOFrEEFLEHL.

1. MIXEEWE - EHWMEE I N—TH 3

D #8E AEREXZRL VW5 —BET
K ¥ 4964, FEWIT, 20.4+1.6yrs, & &3,
158.8+4.7cm, {AE ¥, 50.4+4.8kg TH - 7.

2) HERMORE : BERY 7 F F—11BEK
EDIFHR—A (F2aB) 2EHAL, BEGEH
S22 E—-YHEFRELDEHAHHEC Y b JAIE
Lic, 2L, BIEXlem BALE LT,

3) #ARE  WERE I, XFERAA—Y T R
P DOENZET R b D, HEYEEREE ORICEL
HEBABAGR AR I T\ B 4 THE?™D L, “h¥
TDO#H D Performance & HHDOBARICOWTD
Wm0 FRRALEEBIELYSH LR
o S, REEICBIEN R V-LE
2o BHARED THEDOEFHIIHBE L EA
., BFFoRN, LWESHD, FEBHH, B
BAf BT, X ORTF LR UCAOMBRLE
HEO>WTRERT -, WER, FHBEKOW
T2@EFTST, NMAUTE2ELET, BULWA
DEEFYTEFEALI,

O REHB, EED, BH, THH  UHE A
K=V 7 A+ EREBERPDCESWVCTERL .

@ LBRESMN  EBHHEFBL, KFEROX
hRIE L7,

NI | -El ectronic Library Service



Japanese Soci ety of Physical Education

RBR, it MALHICIF B+ — "=y ¥R —BEOKR 65

@ MeBRHN  WHHHEFIEL, K¥ERXKF
Bk b RlE L e,

@ BWHH  EHHHEERL T EHHAIE L
O R I0ERE L BB T, BFLIED,
ChEXEZ ETFHHETAUE L2,

® BR&eBRHGHLEBHED  BERNit¥lo
AICREL, MFCRBAI%L5-ES hEBh#
BEHDH, #THhixBEBREMBHNE L.,

® FERHN  FEX b3, BETFRES
DoEDEFNT — T ADMCH D X 5 IHiBEY
T befrB D, MERDORIBEAFEL L
Wioie, RAMOFCRBIEL, BF2HFRG
P CciB Y, FEYERIRS, BHYF
AL, BF3 v=—-HTFAOEFLH I,

@ EEfSERE S - Clark DHENC X - 7,
%, 7-7A ETEAESY L L8, R
BT5L5UERY¥ X3, bbb
YASHE, MBI RICERBETLEROPRIBIZA +
5y 7hER (EBEALF» 7IXEA) L, B
YR IES, AEHOMIEACHT, R0
oo EicBE, HEBRIE»IRVWIO5CT
5.

4 74N 2 BENREORNY I AHAEEY
M ER, BRERYERERE L, BB
X hEEBR YRS, £LT, EHEREDOE
BEEREORRME & BIRA D SR E 5 EEIERTFH
ELoZE BRE) ¥HEHL, BREOKXEV1040D
BidE % Excellent 3, NI VWIBZOHERE Y
Poor ¥+ L TEH L7, T/, Excellent B
3, HKELLOTFRELXEME,LKE L
@ - 7= %€, Poor i3, X FEI--#£HTH
%5, Itdks, EEAE I, Personal Computer
(NEC 9801UV) Z{ER L 7=,

2. IXBED R

1) 7 4 2+ A% . Excellent 3 & Poor B0 iX
BB T 5EEBIEXY 2 & D Video Camera Tl
FHEEFMHORFCEE L. Q6 oRE,
High Speed Video (NAC, 200fps) *{#MHL,
ERIm OB TEY— 2 L0 LENRH TR
(=7 AVHICERATRLID)ZE DT, HRH
25m DHL LA BT - 1o, B EHEORFREE R A7

q;] Camera from overhead view
(60 f.p.s.)
11.7m from center of circle

—> : Pointing arrow

® to indicate

throwing direction

B : Scale marks placed
® at interval of 2.5m

Throwing circle with
a radius of 1.0m

Camera from side view
(200 f.p.s.)
25m from center of circle

Fig. 1 Schematic illustration for placement of
equipments for filming.

TEBXH517 40 21I131/200sec 2 1 2 & E
LA, ¥t, 74NV AEBOAKETXIYHIS R
y—n& LT, ¥y— 2 Afar2.5mERT 23
D=—7%RB L, EhHrboB¥R, v—7
Ao OLEDOHE F11.7m O 67 & » 5, Video
(National NV-M3, 60fps) Tfr-7t. Bt LB
BOBEYERCLOL2 A, MEKEETER
Bic—5cm DIEE RO~ — 7 R L (K1
BR).

2) Zanapir o E—ne) ) —x (LI, VY
) -RETH) RFiicBTsRE (BRFOSH
BRER) ORBENTELWEM L REAND, 5T
LYY —AXhRREITYERFLL, B
fEDORICTHOhBIE (X7 » 7)) YERBEL
Lic, o, EBfFCE4 T 7v—-ad, £
DFE L1 7V — aFTDORDOWTT-T. BELI
Ef$iX, Video Player (National AG-2255) 75
Personal Computer (Sharp CZ-856C) X b,
MNEBY R TEECERLL, IF1b07F -2
DWTIL, F4 T EALT7 4 A& —FY (cut off B
FEHI6H2 w X h ER{LLI:, ThbDF — 20
6, : h .i —C, @ & ﬁ FF @ ﬁ %7).8),1l).13),15).16).34).
37).41).43),50),51),52&;3%p: L—C’ uTGE&%;tﬂ L
e (@D®r->\VTRR 28R,

(D) AL ORHEE, QB HA,
QuHE(FHEHL), OFEHERERM, @F -1,
FH, M, BoBRSEE & TBHEMKRFO A -1

NI | -El ectronic Library Service



Japanese Soci ety of Physical Education

66 GHFHE F34E H1E5 FHTFE6R
T1 |
N - C1 : Contribution of leg and trunk
>
20 L T2 C2 : Contribution of upper-arm
- 1: Ball - C3 : Contribution of forearm
é 2% Wrist ! C4 : Contribution of hand
s 15
~ 3 ! Elbow
2z C4 T1 : Time from the point at which wrist
2 : Shoulder velocity exceeded elbow velocity
5
> N —_— to ball release
10 ~o 2
~ T2 : Time from the point at which ball
velocity exceeded wrist velocity
c C3 to ball release
) \~\_ _3 P Vg . Velocity gap between elbow and
....... - j (o wrist at the point at which elbow
~._ 4 . .
S~ showed maximum velocity
L, Ja
0 | [
0 1 2
Time (Sec.)

Fig. 2 Explanation of variables related to velocity of ball and body parts.
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Table 1 Results of physical fitness tests and measurement of throwing distance in all
students, Excellent group and Poor group. Means, standard deviations, coefficient
correlations between physical fitness tests and throwing distance in all students, and
mean differences between two groups. R: Coefficient correlation

All R with Excellent Poor

. : Mean
Varables YR Gowmegow EOR e
Stature(cm) 158.8(4.7) 0.198 160.8(4.9) 159.165.1 1.7
Body weight(kg) 50.4(4.8) 0.139 51.4(6.3) 51.9(4.0) —-0.5
Vertical jump(cm) 48.2(6.5) 0.412%°* 51.5(5.8) 50.4(7.1D 1.1
Side step(times) 41.5(3.4) 0.395°%* 43.1(2.6) 42.01.4) 1.1
Strength(kg)
Grip 27.6(4.9) 0.199 28.6(5.3) 28.5(3.5) 0.1
Back 81.2(17.8) 0.337** 89.7(19.8)  86.9(21.7) 2.8
Elbow flexion 22.6(3.1D 0.139 22.9(2.5) 23.8(2.3) —-0.9
Knee extension 22.7(11.2) 0.228* 25.4(13.D 27.1(14.8) -1.7
Abdominal 72.2(19.9) 0.197 76.8(15.1) 79.0021.7 —-2.2
Arm-shoulder extension 19.84.4 0.272** 21.1(5.5) 21.8(2.D -0.7
Arm-shoulder flexion 24.4(5.9) 0.424*** 24.8(6.9) 27.2(5.5) —2.4
Wrist palmar flexion 13.5(2.8) 0.402*** 15.1(2.0) 14.8(3.1) 0.3
Shoulder extension 12.8(3.8) 0.266** 15.1(2.5) 14.8(4.1) 0.3
Throwing distance(m) 21.88(7.00) - 34.76(6.06) 16.17(3.96) 18.59*%**

*+4p<0.001 **p<0.01 *p<0.05

Table 2 Means, standard deviations and mean differences of variables obtained from analyzing side view
film such as displacement, time, velocity and angle in Excellent and Poor group.

Excellent Poor

Variables I%Irgli‘()) gli;()) dif%ﬁggc e

Velocity of ball at release(m/sec) 18.68(1.89) 12.60(2.00) 6.08***
Height of ball release point(m) 1.788(0.093) 1.800€0.120) —-0.12
Angle of release(deg) 37.7(3.3) 36.0(7.4) 1.7
Stride length (divided by stature) 0.647(0.083) 0.607(0.077) 0.040
Horizontal displacement of shoulder of throwing-hand side(m) 0.540(0.066) 0.431€0.097) 0.109*
Time from front-foot contact to ball release(sec) 0.205(0.033) 0.227(0.049) —0.022
Maximum velocity (m/sec)

Ball 18.68(1.89) 12.60(2.00) 6.08***

Wrist 11.73(1.30) 8.68(1.34) 3.05%°*

Elbow 8.16(0.74) 6.36(0.81) 1.80***

Shoulder 4.03(0.74) 3.22(0.4D) 0.81**
Velocity of ball at front-foot contact(m/sec) 2.93(1.20) 2.32(0.59) 0.61
Velocity contribution of body segments to obtain ball velocity(%)

Lower limb and trunk 21.6(3.7 25.8(2.9 —4.2¢

Upper-arm 22.4(6.1) 25.2(5.2) —-2.8

Forearm 19.1(6.0) 18.3(6.1) 0.8

Hand 36.9(6.4) 30.7(6.0) 6.2°
Ve;lﬁ)g;&zdgran[;)l()ier:lvgrenerbgllg&?; (arrxl]%::vg)lst at the point of which elbow 2.44(1.40) 0.6500.73) 1.79%*
Tltrgebfar](])x;xetlgg S[;(Elslltc ())f which wrist velocity exceeded elbow velocity 0.074(0.008) 0.091(0.017) —0.017*
Time from the point of which ball velocity exceeded wrist velocity 0.071(0.008) 0.093(0.016) —0.022**

to ball release(sec)

***p<0.001 **p<0.001 *p<0.05
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Fig. 3 Means (C @) and standard deviations (—)
of horizontal and vertical lengths which were
obtained from locus of wrist around acromion.

Table 3 Means, standard deviations and mean differences of variables
obtained from analyzing overhead view film such as angle and angular
velocity in Excellent group and Poor group.

Excellent Poor

Variables rg 11;()) d ifl}/el;zg ce
Angle(deg)
at front-foot contact
Shoulder 94.9(23.3) 63.2(16.6) 31.7°*
Hip 63.6(14.6) 55.8(17.1D) 7.8
Twist (Shoulder-Hip) 31.4(16.0) 8.4(10.3) 23.0°
at release
Shoulder 36.0(17.6) 37.18.1 -1.1
Hip 8.8(8.6) 4.1(7.2) 4.7
Twist (Shoulder-Hip) —26.4(13.8) -26.7(9.0) 0.3
Angular velocity(deg/sec)
Shoulder 629.6(84.1) 449.0(73.2) 180.6°**
Hip 359.4(76.7) 267.0(77.1) 92.4*

***p<0.001 **p<0.01 *p<0.05
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