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Relationship between velocity of center of gravity and kicking motion of pivoting foot
in the windmill pitching of high school girl softball pitchers

Takashi Wataya®

Abstract

The purpose of this study was to clarify the characteristic of kicking motion of pivoting leg of softhall pitchers who

have great velocity of center of gravity during pitching. The study was subject to 19 high school girl softball pitchers

who specialize in the windmill pitching and we calculated the kinematic variables concerning the maximum velocity of

center of gravity and kicking motion to the pitching direction by two-dimensional motion analysis of their pitching

motion. After that, we conducted a correlation analysis between the maximum velocity of center of gravity and the

kinematic variables. Our findings through this study concerning the characteristic of pitchers who have a great velocity

of center of gravity are as follows.

1) The height of center of gravity was kept to be low during pitching. In addition, forward lean angle of upper body and

hip flexion angle were large at the beginning of kicking.

2) The average angular velocity of overall leg and the average angular velocity of hip joints were large. Especially, the

average angular velocity of hip joints in the latter kicking was large.

3) The range of motion of thigh was large and the inclination of overall foot and thigh to the pitching direction at the end

of kicking were large.

Including above, this study suggested a potential that it is effective for the instruction of the windmill pitching that

we have them do a kicking motion by keeping their height of center of gravity to be lower during kicking and focusing

on the extension motion of hip joints in order to enhance velocity of center of gravity.

Key words: softhall, the windmill pitching, the velocity of center of gravity, the kicking motion
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FL6HZERNRELT, U1 RINBEFOELE
IR E & OBIRERET L, v R A
U RN 2N O H LS EREE & ORMICH
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IR 2R < B> CTHEHOEEZEDD I ENEET
BB EEMFITHS NI U, £, U1 B3
IV AR HT G NS A H U 7= IS F6 489 2 Hh i 5 )
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BEHEREE S OBBRBBFINTED, E55HHK
FORNTHEWERMENDH B ZENRBINTNWD
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DEIIT, U1 2 RINBIETREBEIREE 252
72D, B OF y 7 BEIC K > THREKG A O E
DEEEZEDS. TO%, BAHUEICE2YU—X
AIDOREBRTL—FNERETHIENEETHD T
ENS, FTEIEESFMANOELEEEZEHDD I EN
RERELFEER D EEFES SREEE AT
LEDICHEHEHTRELATHDENAS.
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NR—)URE OB E I s Bk 2 2 T & 5 nl etk
N 5.
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A (2016, p.431) TH W BB ITH 721084 % N
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M —8 & 2822 HSRICEbE, oL
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6. #atinzE
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A a AR, 10% AWMz HBEEmE L.

m # R
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CRBAEI AT E.OEERREE OMICENETNAER
BREAOHBEBERZEZAL TWk (r=-0461, r=
-0.462, & H1Zp<0.05).
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Fo R TRTE, BOmEmEHENEERAMEE DM
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K1 FovrREOPIIEE & EOEE KM S ORER

TERRAH NI AR Gry 7 EEICET 2HA) FHBEFREL
FoE (%) -0.461  *
RME (deg) 0.406 #
HemmaE (deg -0.254  .s.
F v 7 BbaRE KhRAE (deg) -0.192 #.s.
THEAE (deg) -0.125 n.s.
MBI (deg) -0.462  *
B (deg) 0.005 n.s
HlE (%) -0.550  *
FRAE (deg) 0.564  *
MemmaE (deg 0.104 n.s
F v 7 kg KIEAE (deg) 0.086  7.s
THEAE (deg) 0.097 n.s.
MBI A (deg) -0.324 s
B  (deg) -0.026 s
FoE (%) -0.461  *
R (deg) 0.301  #.s.
e maE (deg 0.393 #
Fo IR Tk RIEAEE (deg) 0421 #
THEAE (deg) 0.246  n.s.
MBI A (deg) 0.022 n.s
B  (deg) 0.071 n.s
I A RS f 8 (deg/ D) 0.813  **
RERSE A (deg/FD) 0569  *
TR A (degviD) 0.369 n.s
%Lﬁf JRBEESEY % (deg/FD) 0.548
o ‘ FRBE SIS M (deg/FD) 0.111 n.s.
(m/s) | 7 REEE W% f 20 (deg) 0446 #
KIEAZEAL (deg) 0441 #
THRAZNL (deg) 0.287 n.s
B 2N (deg) 0.329 n.s
HRBIE 20T (deg) 0.054 n.s
MRS M (deg/FD) 0.649  **
RERSE M (deg/FD) 0291 s
THESEEMAEE (deg/FD) 0.318 #.s.
JEBA T M (degvf)) 0.295 n.s
s FRBEESEY M (deg/FD) -0.008 ..
T 7 W% A2t (deg) 0300 #
RIRAZEAL (deg) 0.288 n.s
THRAZANL (deg) 0.209 s
B 2N (deg) 0.219 n.s
HRBEE 20T (deg) -0.034 s
WA AR E (deg/R) 0.680  **
RERSE M (deg/FD) 0.454 #
TR AEE  (deg/FD) 0.194 n.s.
B R (deg/ ) 0523 ¥
e EBEE M (deg/FD) 0.164 n.s.
TR W% A2 (deg) 0385 s,
RIRAZAL (deg) 0217 n.s.
THRAZNL (deg) 0.161 #.s.
B 2N (deg) 0.239  n.s.
WRBEE A2 (deg) 0.068  n.s.

#5p<0.01, *p<0.05, # p<0.10
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FvrREEERERTHDE, MR f®HEE
HLEE R K & ORICH B/ EOHBIBfHRAGED 5
N (r=0.813, p<0.01), KBRS AEE S K OB
HiSEH A & ORI S T NZ N4 B2 IE OB %
MO BN (r=0569, r=0.548, & H1Zp<0.05).
2 R 20T & KB A AT & B Al & DRTIC
BFENENEBEEOEDHBEBEGENA SN (r=
0.446, » =0.441, &H12p<0.10).

Fu ZRPETIE, R A & SRR
HEDMIZARBREDOHBMERNED SN (r=
0.649, p<0.01), Ml AZENL & HOEERKEE D
MIZIEAEBEEMOEOHBEEGRENA SN (r=
0.390, $<0.10).

Fu IBETIE, MRS A &0 R
i & OMICHEBERIEQHBBEGBARD s (r=
0.680, p<0.01). F7z, KBRS HE & L HEE R
Kl & ORICABEEEOEOMHBEEBRRASN (r=
0.454, p<0.10), J&%BH &S5 £ 3 & B0 g e KA
COMICHEREBRECOHBEBARNED SN (r=
0.523, p<0.05).

V. & 2

AR DOFERMN S, 71 > R I)VIREP O HEOHEE
RNV B A TS 2 EDHS DI
7z, TOEEERAMEITF Y 7 RS B LR
FZ/TTENS Z &SN TV S (]|\#, 2016,
p.434). BEAH U B CIEEARZERIZHENT NS
D, AN DOFERELOIEITE RN &
5, ELHERKAEITF Y7 BEICX2EENKEN
EEZSGNS. £IT, UTFTWEFy 7/ REICEH
L, BRELEEOBINCEST 25y Z7E8EICDN
TERT 5.

FurREEE ForErE FurBEomek
S oty R G B B V4 o VR R K i & D
MICHE/REOHBERERERL TWiz, s 2RIV
FE b EEEEOIMERE O L D1z, BLEENTIF
TODREN S FRZEFIANEIES T THBO, Hm
Ry ITDHTEICE o THEREZRIANESRE VWD AT
T L EE TH D (#RE, 2016, p.434). HHEEHE
BEOHEETOF Y 7 EEICET 27T T, HEkEd
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Effect of the resistance training based on individual difference of
a training objective and muscle adaptation

Tatsuaki Ikeda®

Abstract

The purpose of this study was to investigate an effect and utility of the resistance training for individual difference
of a training objective and muscle adaptation. Sixteen healthy males were evaluated characteristics of one repetition
maximum (1IRM) and the total number of repetitions (Ntotal) loaded at 90%, 70% and 50%1RM of a knee extension
exercise prior to this study (pre). Subjects carried out training of knee extension exercise for 12 weeks twice a week.
In addition, the training accorded with a plan-do-check-act cycle (PDCA cycle). CSA (muscle cross-sectional area of a
quadriceps femoris muscle), IRM and Ntotal were measured every 3 weeks during a training period to evaluate a
training effect. Based on these measurement results, subjects chose from two different training methods (strength -

power-up type and bulk-up type) according to a personal training objective and degree of a training effect.

The major findings were:

(D1RM, 1RM / CSA and Ntotal in all subjects increased significantly after training.
(@Development transitions of 1IRM and Ntotal differed greatly according to the individual difference of a training

objective and muscle adaptation.

(3)There is a possibility that a significant increase of 1IRM was affected by adaptation of a neuromuscular system.

These results suggest that the personalized resistance training incorporating a PDCA cycle may become more

rational and effective practice, as compared with training which performs the same contents to all subjects.

Key words: knee extension exercise, 1RM, number of repetitions, CSA, PDCA cycle
R EFEE), 1RM, SR UM%, CSA, FEMRA 70t 2
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T KM 71 (IRM : one repetition maximum) %
HIF TS T2DITIE, #i — AieE O oot & Wi
FEOWRNETIZ/RD ZENHM SN TS (Cureton
et al., 1988; Moritani and Muro, 1987). Z® Z &13,
IRMO%EEZHMWE LB —Z 27180
T, RHSVWOREBZ2DD N —Z 2 VHENEET
HZEERBTZHDOTHS (FEIEH, 19982, 198b).
UL, EADHT, ik — AitRE & Ik AL o 765E
DERERIMEAFIZENETNELRL ZENTEINS
DT, ZNUENERLAZ2DD ML —Z 2 THED
DB EL S EEEMICUGE L TH < OMNITD N TR
LTBLIENMRELERD., 208, BAEES

BLEEHABHh N —Z 2V 2RET 5 LT, +
SICHBELTHEIREMED 1 DTHS. ZOMEZE
BHSMZT 520121F, OFAD N —Z 2> JiE%E
HIfEIC T 2 =D OFHEEE R T 5 2 &, QML E
AWTHEADHER X UHEEHEIC L2 LT, #Y)
BN —Z TRV N L —Z2 2770y 5
LENEL, EERTLHZLE, @OFL—Z2FHICAES
N5WHOFSOMAZICAILT, ~—=>F 70y
TLEFRICE I TS T &, BREDKEIZRD
EEZLND. Thhbb, AAZEEZFZERELLEMIL
L—Z 0 7 2EKEL TWZDIZiE, £OHRT (G
—FHE — ] OOt X 2GRS E 5 HEMRE O
FlEzR O ANz —HOR D HANBEIZRD EE X
5N5. ZOLORBNL—Z22 T OHER, BRTHR;

1) EREAR—YEREL > — ZR—V R
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ZR—Y BIOEREREOBIHICBNTHEL NS
NTHL, TOEEMZRLAZHEDVSDONE SN
5 (X bz —I7, 2003 ; £ - I, 2006). L 7»

L, 2OX27B ML= 76T %R I GE
W, B R = IS TR L —22 T
OHNFIZBWTHHMEII D GRIHER, 2006). Z
NoOZEEREZTC, FEHS ME - &k, 2005)
1%, EAD KL —Z 2 7 #EE TS 272D OFHil
BEFHLTREL, TOEMEEHEREDITNAHIC
DNTHE L. ZOWETIE, 1RM OUGE % -
T2 LT, MR- MEEER X OHEEED 2 DICEH
THZEN RN TH D E2BN= BT, EBEO
TR L == 7 OFHfi TIE1IRM 3B K O HE O AR Y
72 ERRE (%1RM) BT 25K LIEEICERT %
ZEN, KVEETHLHZEEZERMLTNS. Bk
LTI, EEORL—Z2 71282 AMME DR
TIE%IRM B L U %IRMIZ BT % #5K L [E 5 H1% H
INBZE, ENSEF ML= T OB THESICH
EAMBTED 2 &, 2 DO0AMEKZFEMN - AHK
IHLABDOE S Z EIC& > TIRM 28 R ek E T
DL, BEHOBIRMIZBIT D 0K L HEKI
IRMOELICEEEZZTLIE, BEEHIT TN
5. INHDOITENS, BT, IRMOYEZE
FEhhboWE LN - NT—=T7 v TiEB X UEHE
DXBIRMIZ BT LR LEROYGEZEZ Eixbn &
L7=NV o 7w 7 (1 H, 1998a, 1998b) 2 i W
T, FOML—Z 77075 AOEEEE A
DWTHGEL T, 2B, Lol - Xu—7 v
TEITHRE - RO U EICL D IRMEZHRIE S Z
& (Burke, 1981 ; Henneman and Mendell, 1981 : % -
EAN, 1995 5 B, 1998a), NIV Ty TikIZ &
DBIRMIZ BT B8R UIEE, TROLEMFFATID
3 (Kraemer et al., 1987 ; £ 1F7>, 1998a) IZHII A,
WIEKICORIEND S & EIFD, 1998a, 1998b) 7%
WEINTWVWD, 5D &5, AT
IRM & &FED % 1IRMIZ BT 2 #5R LREICEH L T
No—Z2 7707 AEFEBL THLIN, #iEmic
e - RS RE B K O TR O 2 L 2RI T 2 Z &1
&£ o TIRM & E O BRI D W TRERM et 2 iz
%.

Db Z &ns, AWFFETIE, RREMRRE O FIEZ
WOANT, MAEEZELEHIN —Z 2T %K
L, £O ML —Z 2 78R EAGHEIT DV TRET
52 ELEHEL.

0. 75 &

1. #%ERE

BB ITIE, MR B 164 (R ¢ 23.0 = 2.0
W% BE 1765+ 4.8cm, {AHE : 742+ 10.5kg) &
Wz, ERERBTZICHZD, 2 TOPRE AN
ZOHW), Fik Gtk EE2TSITHBL, Wik
B CHERBRNDBMERD IEDD I ENMTEDLEN
SFDO T TEMOFEE SR, 1b, AP
PR FRER SR MR B R ORR E 572 L CTHiE
L7z

2. f—z=yv7Oba—-n
H2EOHET, 1 AT —Y3HEMMN 57854 X
T—Y (BEI~BNVAT—), st1R2BEMOH N
L —=7%FmkLE Fig 1). ML—= 713,
EH S QKATE Gl - &tk 2005) & [FIERD G )
HERZWT, AHOBIIE M EES) (R A5
1 K B s BE £ T A 90 FE 2y S R AL 0 JFE R T D
HE) LML EEBREEEBRTHWSEIC T
BhI®572012, bL—= ZBARNC 2 EO#MY
HZ&F7~. Fig. 21, FL—Z2FJ THW 5N
DHRIRZ2DOD0H NI N - JROAWHIEE &
ty MBI 2AMBEDOHEDO LN =52 RLE. R
WHFETIE, B - NT—=7 w NRENNT T v Tk
H#fFL, £ty FTHELT S RKERKEZRET S
[RMi% (repetition maximum method) | Z MW7z, f
J XU =7 T, - RO SE & s
5WEl, 3~6RM (BB ELZ90~85%1RM) D £ fif
MEICXDRAREEZL XT3 R TTEY
NERLZ. —H, NIVI Ty TR, BERBLT
BORLEEROKEE ERAS5WE L, 6~15RM
(BB LZ85~60%1RM) DAFHREIC L DRANE
BEREA I —NVART T2y FEBLE. 7885,
% FEEDT DRIZDWTIE, il - XU —7 v Tk
TIRICHEZZ T TN 2T 1 v 7 I KEEEZE O
MFEE, NV Ty SETE2BICIEELE &
tv MBI DAMEEOFICIL, Eiioty M
B DHRAKERBOERICEDE, RAOBEZRK
EERTELLAICIAMERZ 25kgMAI Y, K
KOEERKLNARKETERN > EEICIZANER
Z25kgllb IR, ZOHER &y MIBTS
HEERBROEREHERDDIZT S EFERIC, FL—
Z2THIIBILEHBREOERFBL VN T +—< >
AL NIVOEICHI L 7z AR EREZHRET S Z LITh
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\ : Training session
l :Measurement of CSA, 1RM, Ny, N7o and Nsq
Measurement
protocol ' ' l l
Y Y VY VY Yy YV VY Yy vYyVY VY Y Y VY VY
Training stage 1 stage 1I stage III stage IV stage |
Choice the training method Choice the training method i i
.. (Strength = Power-up or Bulk- (Strength-Power-up or Bulk- ! !
Training up) based on the difference in up) based on the rate of ! !
method 1RM and N, profiles. increase of IRM or N to 1 '
prior measurement. : :
Pre 3w 6W oW 12V
Fig. 1 Training protocol
Training method Strength-Power-up Bulk-up

= Improvement of

* Muscular hypertrophy
neuromuscular system

Training aim * Increase of number of

* Increase of IRM repetitions

Ist set 3 — 5 times 6 — 10 times

2nd 355 6— 10

3rd 355 6— 10
Target number 4, 355 8 — 12
of repetitions 5th 355 8 512

6th 4 -6 10 — 15

7th 4 -6 10 — 15

Restinterval 180sec. . 60sec.

Total number of sets 7 sets 7 sets
Tempo of exercise Not define 1 times / 2 sec.

(ballistic movement)

Adjustable method of load weight in each set
Ex.) In case of 6 — 10 (Bulk-up type method)

Adjustment of load
in next set

Maximum number of
repetitions in prior set

10 times ——

increase load weight (+2.5 kg)

9-7 times ——> keep load weight

6-(7) times

—> decrease load weight (-2.5 kg)

Fig. 2 Two resistance training methods with different purpose (Strength + Power-up or Bulk-up),
and setting method of load weight in each set.
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L —Z D VR EEHMEICT 57201, IRM DR
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2005). 1RM D FEAM IS, A R o B i) fe K e A 2 )
Z, UKL EEOFMICIE, 3D %1IRM (90%,
70%, 50%1RM) 1ZH1TF 2 i EEE O D IR U [H%L
(Ngg, Nyzg, Nsp) DEEHEEL (Neg) ZHIE L7z, 783,
Mmm BHEROARMBEDOL Yy R S#BRI NS N

—Z T EEEZELTC, 3HO%IRMIZBIT 5

DLL@J%@DT%%% TR U [RIE 2 3l 9 %
ﬁ%f%é.it,twm%dkomfzﬁbw%ﬁ
WFFETIE G - S, 2005 5 #EIEAY, 2006 ; Ikeda
and Takamatsu, 2007), FEEDO KL —=>7IZHBNT
fAEICH VWA I EICTEHHRETHSH T L, IRMD
R — I RE O B R 2T 2 2 &, IREHICBT S
i F#1L L ~N)L (oxy-Hb/Mb D RiKAE B K MK F&R) &
BRELBEENH D&, BEEREL TWS. Fig. 3
12, bl —Z 27 BaET (Pre) 123515 1RM & Ny
L OBRZERL 2. Pre DT OB, WHE OR%
iR B G T DI (Y =52.47e%% R?
=0.1864) Z/~L, ZOHE#RZEEICL TEHERE O
DIRUEERDELZM L 2. ZORBFRICHDE, 5B

70
- Pre
60
~_~
)
<P] L
E 12
Esr U
g |
S
13 3
Z 40 | E] A 10
~- o ﬁ A
™ 9 11 — -0.008
% @3 Y2 52.47¢0-008X
30 1 ~_\~ R2=0.1864

4 5 -
L L L O O O7 L L - I\ il |
40 50 60 70 80 90

1IRM (kg)

Fig. 3 Relationship between 1RM and Ntotal during knee
extension exercise loaded at 90%, 70% and 50% of
1RM in each performance test.

Oblique dashed and solid lines indicate a least-squares regression to an

exponential function in pre- and each performance test. Numbers (1-16)

with mark indicates the subject ID. Two black circles (@) in Pre panel

(subject ID : 15, 16) are drop out subjects in this experiment. O :

BSBSgroup (n=17), A : SBSB group (n =4), [ : SBSS group (n = 3).

[ 27—V DML —Z2FTlE, W& BICiIEL
1 0R LRI EN 2 #5#E (5% No. 8~14, n=
) - NT =Ty Tk, WK FICAE
U D3R U EERIC S 2 w5 (BB#& No. 1~7, 15~
16, n=9), I3V 7 v TiEkEREIRI S b
WO D 2 DDH I N L —Z 2 THEORBIRO L=
IZDWTIE, FHSOLITIZE GhHE - S, 2005)
DHRICHE DNV, B, 24 0#BRE (H5E No.
15, 16) 1, EBERO@EPCTHRFAAR LD, ML —=
STNOBMERGEL 272012, DBOBRE TIEZED
D 14% (BB No. 1~14) Z W R &EiT-o 7=,
M= 7HMbhO3HMIE (FXAT—YD6
BEHORNL—Z=2>Fty i a k) IZIRM &Ny %
HE L2 (Fig. ). L RATFT—JLRIE, 2o DRk
%@%kﬁ%ﬁmf,k@x%—yfﬁﬁ?é%ﬁb
ZOTBEEANSEICHRELE. BIAT—Y TN
w77/7&% ZIR L T2 F I Ny DE(LIZ, —
Ji, Wity XU =7 w TikZERL TV ZEIZIRM
OBLIZER L, milRl ORI T 2 MR NENZ
N5 XL EER S NZHEITIE, RAT—2I2BNT
B —HOWN N —Z 2 F kR RIS 5 k% R
U7z 72, IRM & Ny D BN 5 % A T d o
EHEITE, fAT—Y TRALEMO N —Z=2 7
ek U CEIRLZ Fig. . 220 L —=
CIUHEOUOEZHARE, TNTNORED 5%
HICHRELZHBHELT, O—MIT4~12EFE O]
KL —Z> 27 T10~50% DIRMD KR 515
M, TORIMBRELBEEICEL > TEHD %IRMIZ
BUILEERLEREERICED S Ar>7k T
L, OB %IRMIZ BV 2 R L B OB K,
B OBACAHAEICHE 22T, ZHUCED S HNEM
MEOH AL, HEMEMO N —=> 7HMEET
27280, ¥ERELEFOS%ERE AR N -2 7
MBETHDEHM L&, @HAT2DODOMN K
L= JHEOUDBEZLZERENSSBRETHI L
KD, PL—Z2TICKDRBERNFE & E O RAFEIR
EROSOSHMND /=2 &, BENHITLNS.

BFEEE B LNBERE
b L —Z 2 TR D 5 O FERERY - BERERY 7256 it
R S 200, KRR UYBE AT O ff W A (CSA ¢
cross sectional area), 1RM, Ngg, Ny, Ny & b L —= 2>
TiBBIE L —Z > MR 0 3 & ICHE
L7z (Fig. 1.
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1) RERPUEERA D Fh T ETE

CSADHPEITIE, MGG E (MRI - HAZ A
T 1 2 4L% ; ARIASmate) & H W7z, AL TIL,
MRID 515 5 72 A RBREB OHEWH % K& D R+ B &
UK MR % Tl & W& L 721, Repetition time =
360ms, Echo time = 28 ms, Slice thickness = 10 mm,
Slice interval = 20mm, Field of view = 240mm, Matrix
=256 X256 070 hO—)LICKDIRFE L. KinT
M5 IEAL30%, 50%, 70%IZHH 29 % AL (IS &R
R, D OX T ABE2HT DO Ea—

— (Apple t:# ; PowerBook G4) IZHU D AH, FD
%, WEfgMATEY 7 b LY (NIH#:4 ; NIH image,
v1.6D) 12X D CSAZFH L7z, CSADAKMITIE, 2
BDOATA ACBT L EEEERH L. a8, CSA
DN fRERIT, »=0.99Th > 7.
2) BMRAKBRERNEIBEDXIRMICEIT 5 VIR

L EE

IRM & Ny, Ny N DHITEITIE, FHE S OlTi5E
(HLF - AL, 2005) &[RERD HiEZEH Wz (IRM :
Fi T 28 BT K 2 M B T 4 2 JeE 52 90 B 7 S A AL
0 ETOEEHEPH T OB H KRNI, No * Ny *
Ngo : IRM D90 %, 70 %, 50 %61RM T @ #% D X U [A]
). 728, Ng NpgBXUN; DT —F 05 Ny & 5
HU7z GlH - mfe, 2005).

4. HeEtinE

BIE B2 TEE  FRERA TR U, AT
13, 208NN —Z PO ML —Z 2 TH O
AEDEHOMBIZEDEIDOT IV —TITHMEL
7o, NS OEBFORPEEB OF-HEDZEDHEITI
IR DIs N t-test Z W, £z, SHANORNL—Z=
> 7N K 2 SEME D 2% DBEITL 4iE%@“%
S EHY, SS5ICFERAETH- &I
FisheriiZz W T L E L 27> /- %Mﬁ@ﬁﬁ®
BIRICDOWTIZE Y Y > OB 21T > 7. &5
IRBEE DTN S ERDEAEDE N D D ZHE T HERIC
W, ERE RS OOH S HBIRE R KRICTR S
BRI &I L 7=, 723, MEHLE Of B Ek %
5% A THIWT L 7=

m # 2

1.3BOMNL—Z TN —>
ML —Z 2 FHBEEFOBEROMAZEICHL ThS
WDRIZZ 2DDMH N L —Z > 7HEZERL T

AR, TOMAEDLEFIIFZLATITRT 3D D b
—Z NI =R s N
BSBSH# 1 )NV o 7y Tk i)« XTI =Ty Tk
NIV T TiE—= T - INT =T Tk (n="17)
SBSB#E : fiJ1 - XU =7 TE=NI I T Tk
91 INT =T TiE=>)NV T Ty ik (n=4)
SBSSHE : i) - INT =T w TiE=)NIV I T Tk
i) INT =7y TE=H - XTI =T Tk (e
=3)

2. FL—=V IR

Table 112, b L —Z>ZHiHIcHT 5 CSADE
ftzRU7z. EHEBRFCTBTHCAE, ~—=>
TR CHEBAMIIRD s Nah-o 7.

Table 212, KL —Z=> 7 HHIZHBT 5 1RM,
1IRM/CSA BE U Ny DAL ZE R L 7.

EHEBFICBITSHIRMIE, ML —Z2F7%IZB0
THIZICHALE.

SWBRFEICHBIT S 1IRM/CSALL, L —=2 7 #IC
Bmfﬁ%’ﬁkbt %ﬁ”%ﬁémMKBA@%

EHEREIT, 1IRM & FIFRBRR AL 2 R T E M
7=.

EWBHEIIB T D Ngwld, PL—Z2F7BIZBN
THEIZEALZ. a8, NOIL, HL—=7Hit%
TE%ﬁ@JH&@@bhﬁﬁotﬁ>M0+21E%39
+2.2[0], ns), NpBXUNgld, L —=2 7%
NWTWITNHAEZRIZ ﬁkbt(m,w&wlﬂ
—15.1 +3.4 [, p<0.05; N50 : 19.6 +3.1[A] —28.3 +
6.1[H, p<0.05).

Fig. 412, #HHERIIZHBIT 2 IRM & Ny & DRE1R

Zm%MAw;mbt.bv~:yﬁﬁﬁK%5
IRM & Ny & DBERIEX, AWM N —Z= 2 Fik
RS BN & U TR A L 2 /RS EICH 2
0N, TOHWRBIIEAICL > TRESERBZ>TWE F
7z, ERPCE S PR E Eodm, $abE ML —
Z 2712 & D TIRM & Ny DRI ITHERDGZED 541
7z.

Fig. 512, 1RM, 1RM/CSA$H X U'CSADE(L R %
Rl TORR, 2EBRECBNT, IXTOL
L —=> 2/ 25— CIRM & IRM/CSAZ, 1EIF[FKE
REZERT I EMRSINEZ —F, CSAWE, 2
BEITBNT, bINICELTDICEE- -
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Table 1 Changes in training effect of cross-sectional area (CSA) of the quadriceps femoris muscle.

CSA
Training group ____Upperlevel ___ ____ Middlelevel __~ ____ Lowerlevel __
cnr % cnt % cnt %
68.7%£9.6 76.7 £10.7 58.0 £6.0

BSBS group Pre

(n=7) 3 wks 69.8+97 1.8 £3, 778106 15 *1.9 60.2 6.8 3.8 3.7
6 wks 706 93 28 £2. 772102 08 £1.9 60.4 6.7 4.1 %41
9 wks 723%95 54 %3, 79.4+10.3 38 £32 61.6 69 63 %55
lawks  T15%94  42%35 789100 31%33  09%69  50%sS
Difference ns ns ns
SBSB group Pre 823131 91.7%15.5 72.1 £10.7

(n=4) 3 wks 829*134 08 1. 91.5%16.7 03 *1.9 73.711.6 2.1 *1.2
6 wks 83.2*13.6 1.1 *0. 928+17.0 1.0 *1.8 74.6 £12.7 3.1 28
9 wks 834 %136 13 *1. 91.9*16.0 02 *1.7 745 £11.7 32 *1.8
lawks | 845%127 28%14  936%1S8 21%19  761%122 53*19
Difference ns ns ns
SBSS group Pre 71.9 6.8 78.2 £10.9 60.9 £9.1

(n=3) 3 wks 73.6*80 22%1. 792129 12 %22 66.7%+9.1 99 %84
6 wks 747+8.0 3.8 %1, 79.8+13.9 19 3.7 652106 69*1.3
9 wks 749199 39 4 80.9*142 33 %46 644106 5.6*23
Mawks  736%74 2307 804%135 26%35  647%10.1 6209
Difference ns ns ns

ALL groups Pre 733 *11.2 81.3£13.2 62.7 £9.8

(=14)  12wks__ 757*110 34%26  834%133 2728 660%108 53 %39

Difference ns ns ns

1. Values are mean = SD
2. % ; rate of increase to pre-training
3.ns ; no significant

V. £ 2

1. b—ZV IR EETNICHET HER

N —Z 2 J3E & OIS O N EZ2EE L 725
WL =27 %LU AR 1IRMB X PNy
12, FL—Z 2 7RBICZBVWTWTNHHEREKER
L7z (Table 2). T ZTld, ZHNHDOFERICHEEL -
HHRZ IO N L —Z2 VY — > OHEEB# DT
TEREITO 2.

1) 1RM

BSBSHE TI35 I A 57—, SBSBEE CIZH I 2
F=IBNWT, fif - T —=7 v TEERWE L —
ZOJHBICIRMOBANRD 5N, TOHITDOT N
IR D U <A ZERIMEANICH > 72 (Table 2).
—7, IRMZHE T 2 E K & 75 % CSA &k — ik
HEZRT/INT A—%— (IRM/CSA) @ kL —=> 7%
I PE S FEEHERS 2t U 725 5, 1RM/CSA X 1RM
DHANHE SN 2R & —B U TR K %R
L7=Dizxt L (Fig. 5), CSAIZ&REILICEIE /2N >
7z (Table 1). TN 5 OFERMS, HEITHIT S IRM
DFEHERBITIE, MAD ML —Z 2 VHEEBE L 72

N —Z 2T NE — 2 OIENEZ KIX T rTREMED
HBHZE, EHONL—Z>TOEMBICR SN
IRM D RITIE, CSA DK Z PO 72 W iRE — Al
REDYGE (A7, 1983) BN KE<HEEGL Tk
nfREMED D B T &, BENREI N

12 LA LD R L —Z= > 7 &£ L CSADZE
bz st U7z e iTirse Tt D RFEITHB N TCSA
MERTZZEEZHEL TS (Cureton et al., 1988;
McCall et al., 1996; O’Hagan et al., 1995). L/22L, &
T, ML —= 7tk > TCSADEHE R Z L
RO sNEho . TOHBELT, kDL
EMEBZLND.

BIOBMBHELT, AFETEIRL—Z2TRAT—
POEEFVEIMEMIEITHERL Tz, o
W=DV Y Ty TEERWEAT— T
BRESIEEZTLETOTHaIE L —Z 2 THlZE S
ABIEMTERN DI ENEZLNS. £, b
L= A7 =2 0BT, 1IRM & IRM/
CSAMSFfRIE B ZR L= &5 (Fig. 5), fil -
INT =T TEEINIVD T THED AT O TR R
ELT, MR- miREDtE, b bEEEIEDK
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Table 2 Changes in training effect of 1IRM and 1RM / CSA and Ntotal during knee extension exercise

IRM

IRM / CSA N

Training group - total
kg % kg / cm? % times %
BSBS group Pre 59.6 9.2 0.78 £ 0.05 30.3+£29
(n=7) 3 wks 63286 6340 0.81+0.04 4.6%35 45449 51.1+21.1
6 wks 69.3%£95 16437 090+ 0.05 154=%3.1 389+£38 29.2%16.1
9 wks 69.3% 104 163 6.3 0.87+0.08 12.0%5.7 49166 623+155
Jzwks 704x 11617960  089x007 142%59 4412110 453%30.5
Difference Pre<3<6+9-12 Pre<9-12-6, 3<12+6 Pre <6-3+9, 6<9
SBSB group Pre 65.6% 43 0.73 £ 0.08 355+£3.7
(n=4) 3 wks 73.1£85 11.2+6.8 0.81+£0.10 11.5%£59 39.8+49 12.7%£159
6 wks 75672 15146 0.82+0.07 13.9%3.1 52.5+£12.6 48.9%369
9 wks 82574 256%45 091+ 0.07 254%45 45.0£10.5 28.9+36.0
A2wks 78892 197%66 _ 085%006 172%66  525%11.5 508%42.5
Difference Pre=3-6<9 Pre <6-12-9, Pre*3-6<9 ns
SBSS group Pre 525+43 0.68+ 0.11 42.0+82
(n=3) 3 wks 63329 21.0x85 0.81%0.10 19.8%6.6 42.0+6.1 0.7 £6.8
6 wks 633%£29 21.0%+85 081+ 0.11 18.9x45 57.0£85 36.5%8.8
9 wks 642%+58 225109 080+0.11 18.8%7.7 443117 50170
J2wks  692%38 320%72 087£0.13 289x35  477%40 153150
Difference ns Pre <6-12 ns
ALL groups Pre 59.8 + 8.3 0.74 = 0.08 343+6.3
(n=14)  _12wks _  725%100 21.4x83  087x008 18279 473101 405*328
Difference Pre <12 Pre <12 Pre <12

1. Values are mean = SD
2. % ; rate of increase to pre-training

3. CSA : cross sectional area of the quadriceps femoris muscle

4. Ny - total number of repetitions loaded at 90%, 70% and 50% of 1RM

5.<;P<0.05
6.ns ; no significant

EMERIICEIESHINZ D LRI NS,
2) Neotar

== THIBH O N P21CIE, WTHNOR
HENNI Ty TFEERWEZAT—=J%ICEKAL,
1T =7 v FiEEAWEZAT— ORI T HH
M2 & o 7= (Table 2). JEfTFWFZETIE, NIV I T v/
FEEFKRR b L —Z 2 71T & > TESWR A 105
FEINDZENHEZINTHO (Campos et al., 2002;
FEIED, 1998a), AWFEDHERIZ I NS OHIA & 3K
THHDTHhdEEZOND. /=, M-
REIH O Ny D B880E, IRM E B L TH D A& < 7x
DIEIMICH > 7= (Table 2). TNHITHEL K &
LTI, i) - NU—7 v TEERH WA T — %0
IRM O RIZHES THBIRMIZ BT 4 05K L [EEA
BHEIZEADT D Z & (Berger et al., 1970; #HIE M,
1998), H7z, #VDERLUEBOWPER &R —D% L7
SRERWEINIVT Ty FETE, EEITRT S A
MR DR O R LRI O RICHEEL -2 &, rE

DuJREME R S NS,

2. BAZEEZBLEHAN —ZVFDOMREEAN
— %I, 1IRM & &FED %IRMIZ BT 25 0 R L IE
¥ ORREBRE L2 ETHIZE T, mEOMICERE
BEDOHBEMZENED LN I ENHMEIN TS
(Berger, 1970; B HIEA, 1998). ZDZ &id, IRM®
BERITPEWER U R U RIS A I T 2 rlREME 2R
B3I 2HDTHS. /=, Hickson et al. (1994) 13,
W6HMEOH A ML —=2 7 %%, IRMIZAEEIC
WRLEZHDOD, BEDOXBIRMIZBT 24 DR L H
BIINL—Z 2 URiE TR Lisho /=2 & E2mEL
TWa, Ins0Z &M, L= JICEoT
IRM & B FED %1IRMIZ BV B4 0K U %K 2 [FRF I
FEO TN ZE@N R0 OREEEZET S Z ENTHS
N5, ZOMEEMFRT D72DIHERNSTbNTE
TAiEELTE, —#O ML —Z 2 JIZBWTHI T
(YT z—T7, 2003 ; KK, 1994) 2171, A5V
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Fig. 4 Change in the relationship between 1RM and Ntotal in each subject during the training session.

DERIBEDHI N —= 2 Tk LR RIICHA S
bEdHZEITET, TNENOHAO L —Z22 T
EOMReREL CRlEHTHANREINTE
(Zatsiorsky, 1995). L/»2L, 51 D20f L —=
DU RINCRA L5813, DEncERs Lz -
L—Z 2 %R EHEE L TUE D nlaettd RIKHCHERE
INT &7z (Zatsiorsky, 1995). — 5T, AHIZETId,
LREMOF I ML —=2712& 5T, 1RM & Ny @
RAGERRFICED D ZENTER. UEDZ Enb,
AWFFEDRERIT, SEITHFE TIEA S N2 WHTHLIB 750
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AWFETIE, SEIAVWEZ—EHO ML —Z 2T OHT
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FHEHZEROIDICHREL TWa. O2EBRFITHL
FA—070r7 7 LR itd 50 TR, FL—2

77 RSO O3S O NI L Tl b L —
U ERBRLEEDIC, AR NL—Z2 7O
RENAEE 2o 2 &, @QRLWORKRD 2 DD
N L —Z 2 7 i W E R (3 ) THA
Hb®EHIT, FNTFND KL —Z 2 TERIGELE
BRI OHENITEMAL, EEWRELNDZS SN
Rl &, BREDTRMENEZZSND. £z, —HO B
L—Z DR THRMIMEM L7 ELT, DFig. 3, 4
72 EZHWTIRM & Ny DIES 2 FEM T B BRI,
ANDRAEDEACITIMA T, 2HEBRE BT 27
MEEGRZIEEIE/-20IC, PL—Z 7 OfEE
INMSEMT D~ —= > 7 ORI ZE o B R
IWHIEMTERZE, ONL—Z 2 7 OFHMHICE
LT 120 —Z22 75—, 1HO ML —Z=
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Fig. 5 Rate of change of 1IRM, 1RM / CSA and CSA in each subject during the training session.
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Relationships between throwing distance and parameters about morphology and
physical strength in male discus throw:
Estimating physical strength requirement corresponding to throwing distance

Kei Maeda®, Keigo Ohyama Byun®, Kenichi Hirose® and Mitsugi Ogata®

Abstract

The purposes of this study were to clarify the influence of physical strength on throwing distance, and to estimate
strength requirement for each target throwing distance of discus. The questionnaire method was used to investigate
parameters about morphology and physical strength for 114 male discus throwers. Pearson’s correlation coefficient was
calculated to investigate the relationships between the parameters and throwing distance. Then, multiple regression
analysis was carried out to clarify influence of the parameters on throwing distance. As a result, all parameters
correlated significantly to throwing distance. The parameters of morphology to have great influence on throwing distance
were span of arm and body weight. The parameters of physical strength to have great influence on throwing distance
were backward over head shot throw, snatch, standing five steps jump, 30m dash, in descending order. In addition,
physical strength requirement corresponding to throwing distance of discus was gained by estimating the standard value
of each parameter from the regression analysis. Strength requirement shown in this study has a high practicality for
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coaches and throwers in planning training programs and setting goals.

Key words: discus throw, throwing distance, physical strength, morphology, standard value
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EHH HANVE I EREREE RRE S RIME .

Aok (m) 114 44.74 6.11 60.10 32.53 —

HE (cm) 114 178.3 5.5 190 161 497
R (kg) 114 94.1 11.0 124 67 518%*
Fahi (cm) 89 183.4 8.3 203 160 543%%*
TIVAZ Ty |k (kg) 105 175.0 36.7 290 100 612%*
ROF T A (kg) 114 142.9 31.3 230 80 6627
2T F (kg) 108 89.3 17.3 130 50 TA1EF
71— (kg) 111 126.0 21.4 180 60 730%%
Fwv RU 7 bk (kg 104 192.6 34.5 280 100 60275
30mzE (B) 59 4.29 24 5.00 3.60  -.348%*
100mE (7)) 63 12.36 77 14.90 1093 -.336%*
N EBE (cm) 107 280 17 325 240 555%%
ST =Bk (m) 72 7.96 .70 9.50 6.00 627
ST FLEERE (m) 99 13.82 1.21 16.75 11.00 638
AN 7 #%0F (m) 87 14.66 2.03 19.00 9.35 788
fastL7 o> MR (m) 85 13.03 1.76 16.50 8.00 7615
Bk (m) 59 19.79 3.34 25.50 11.86 742%%
RYASECEC)) 110 37.79 4.73 52.00 26.00 .898*
1 p<.01
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g cm (kg) (kg) (kg) (kg) (kg) ) )
65m 187.3 113.0 197.6 2471 211.4 130.7 177.4 262.0 4.02 11.57
60m 185.1 108.4 194.0 229.0 194.5 120.4 164.6 244.7 4.09 11.76
55m 182.8 103.7 190.3 211.0 177.6 110.1 151.9 2274 4.15 11.96
50m 180.6 99.0 186.7 192.9 160.7 99.8 139.1 210.0 4.22 12.16
45m 178.4 94.3 183.0 174.8 143.8 89.6 126.3 192.7 4.28 12.36
40m 176.1 89.7 179.3 156.7 126.9 79.3 113.5 175.4 4.35 12.56
35m 173.9 85.0 175.7 138.7 110.0 69.0 100.7 158.1 441 12.76
30m 171.7 80.3 172.0 120.6 93.0 58.7 87.9 140.7 4.48 12.96
P R I E: T L R AT

(cm) (m) (m) (m) (m) (m) (m)
65m 312.2 9.30 16.31 19.67 17.12 27.43 51.72
60m 304.2 8.96 15.68 18.38 16.08 25.43 48.26
55m 296.2 8.61 15.06 17.08 15.04 23.43 44.79
50m 288.3 8.26 14.44 15.79 13.99 21.43 41.32
45m 280.3 7.92 13.81 14.50 12.95 19.43 37.85
40m 272.4 7.57 13.19 13.20 11.91 17.42 34.38
35m 264.4 7.23 12.57 11.91 10.86 15.42 30.91
30m 256.5 6.88 11.94 10.62 9.82 13.42 27.44
&8 EMLH

s (!iff) {(zi:{i; J(%f@) 7\77,7% k 9;? AFoF sU=—> 72 k 30m  100m sk

g cm (kg) (kg) (kg) (kg) (kg) #) )
65m 181.8 102.0 189.3 210.4 180.2 113.4 156.1 227.5 4.26 12.33
60m 179.6 97.4 185.7 192.4 163.3 103.1 143.3 210.2 4.33 12.53
55m 177.4 92.7 182.0 174.3 146.4 92.8 130.5 192.9 4.39 12.73
50m 175.1 88.0 178.3 156.2 129.4 82.6 117.7 175.5 4.46 12.93
45m 172.9 83.3 174.7 138.1 112.5 72.3 104.9 158.2 4.52 13.13
40m 170.7 78.7 171.0 120.1 95.6 62.0 92.1 140.9 4.59 13.32
35m 168.4 74.0 167.4 102.0 78.7 51.7 79.3 123.6 4.65 13.52
30m 166.2 69.3 163.7 83.9 61.8 414 66.5 106.2 4.72 13.72
P R e L L R R AT

(cm) (m) (m) (m) (m) (m) (m)

65m 294.7 8.60 15.10 17.64 15.36 24.09 46.99
60m 286.7 8.25 14.47 16.35 14.32 22.09 43.52
55m 278.8 7.91 13.85 15.05 13.28 20.09 40.06
50m 270.8 7.56 13.22 13.76 12.23 18.09 36.59
45m 262.9 7.21 12.60 12.47 11.19 16.09 33.12
40m 254.9 6.87 11.98 11.17 10.15 14.08 29.65
35m 246.9 6.52 11.35 9.88 9.11 12.08 26.18
30m 239.0 6.18 10.73 8.59 8.06 10.08 22.71
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ROSEND T ENEFHMINTEZ0 (RN, 2006 ;
AR, 1977 5 ILlE, 1993), AR OKERN S, FEM
REV, §20O5 FESCEBOETIRE N &I,
AR EY, TRADBEIRERNREN IR
T, RRBRICEASZZE NRE BN ENHEREIN
5. AFRITBNT, FEVRIAEIN, HHlP KK
ENARHASINZZEbBEAD E, MBEFREITK
OONDHEMERIL, EHRERICKEREELL X
DN, BRUORAM), BiH O TRV F 51
REBFELBEZHERETHD I EARBINE. H
ENE<Rk313E, EEENE<RLZEEFTEIN
5500, AFEOMREOHIZEH, FETIIEEHE
ZRE>TWDA, fEMCIREEHEzEKE< RES 5
HENGFEEL TWie (B & 1 177cm, 5 : 195cm).
e, BECFRC, DRSS ARET O EREIZE -
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5, WEENS BEWEETONRERENZLEET S
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FERTRI N FEH D D WA 1 & W o e AR T ER A
MHETHZZENMETNTHO JRIFh, 1994 5 M
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NFRED D WITRAHICEET 22 TORIERDN
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AT TRETMT T3 HFZE R Uiz By NP
i 1 % D Robert Hartingi® F13, HE20lcm, KE
130kg (B B~ 2>, 2012) &IEHIT K E 72kt
Thod. AHFEORERMNS HARN BAL B HE O
RGO NWTHERR T D &, AAREMN 20 GHE L)
DRk ZFF OB FIL, H1X184cm, {AHE99kg, H
AR 3 AL A M4EF) OREREFFDOBEH (BHEA
LB 1, B E184cm, AE107kg TH D, i
F AL By NGRS & OMITIE, sk
KEND D ENbns. WIHEIZBWNT, &
METIUIN =N 2% BT 28HIT/NS <25/
W, KOEERON—N)VEHRDS IENTEDEER
5N5. ELBEREECRERICEL T, 5ENS
WZEIZEST, B TEAGTELHENRELIRD
ZEREDLN—=T —LNKRELRB LT, &b
RETRELB DRI DOHEE Z & 5 Z LN HREIC7R
0, EROEZEAHTHERICE> TWHEEZSN
5. Z®X 512, Hommel and Kiihl (1993) D #Hif &
AEFFEDFERICIE, W< DOhDEWRRZITENLD
DD, MREDERKENPRKES BIRD I EICLEEE
ZITTWBEZENHEREINS. Lz>C, KT
RU7- [EEMEREE, ] PRON NEpisk] 1, AARAH
BERGHBEPHELIXREENEETHLEFAS.
Feib U7z KD ITHE N E & ORICK S Tafktg o 7%=
NdHBHHT, G HANMBREBHHE PEERSITH
BL, GHT201CH, AR TERLE [FEYER
| MWEELHEEIIRDELTHAD. £k, AU
TR U7z HEERCER] 13, REEBLOHHREN
L= 7B L, BEEEZRET 2 L TR

BRI THhDLEEZEALND.

V. E #

AW DOHNL, MRRGEEEZGRELT, B
BEROKRNEROD, HTERENOFEEZH SN
U, #TEREITHT 2 &) ER DR 2 f27R T
HTETHoOE. ZDRDIT, HAANBTMBELEH
#1144 GoEk&p - 32,53 —60.10m) ZXf4IC, fEhE
BEOERNERIZONT, HMEEICL2HEZTT
W, TR EOBRER L.

ZORER, AHFRICB T 2L TOREEH EHFTE
FLEk & OMICH R ISHHBIBRAGED Sz, BREICE
THHEHZEHAWT, A7y TUA ZEIC KD HEE RS
WzEfT-o72E2 A, HMBIOEKENRAIN, Nh
S22 THRTEEBOBLZINSEHHTES Z
EAURM I Nz, BTERBRICHT 2HEEIL 15
i, AREOIEICKEN>7. KAICET 52 TOHEA
ERWT, A7 v U1 EICK D ERIFIHT TS
& A, ANy IBRITFBELUOZRF vy FRRAIN
7. RIZ, BEBATIUOHRT, #TERLEEDOM
BB R EN S ZHEZHWT, #WflkAEICK
ZEMGSTEITO KR, EIRULZ4HETRTE
DB LZ67T%ZHHTEDL ZENRBINZ.
TEREBRITHT 2 EEIS, LNy 78, XF v
F, SEHEERK 30mEDIEHICKEN S IHIT, &
HEHOEZHE T 2 HMEFN2HEIN L, Bz
FRS % 7o DIFEHERLER AR T Z LN TE .

ARWFFEDFERMN S, HRRICET SIEHE Tldfafib &
OMRHE, RICBT 5EE TI&MEE, WTHEH, Bk
HefEH, AEMEONAI, $#CERERITHT HELEMN
KREL, MREOHTEEESELENSWEHICH
BT —RERENPEE TH D I EHREI N,
S 51T, AR TR U EERLERS, HEFH B LU
BEMN L —Z 2 VRECHEERET 2 L TEMANE
NE<, FEHERSS L > MEIROZDICH AR
B/ 5252.

B

ABFRICBT DA S WK E L L AHREB L O
HHEEMT, LOSBILAL EFET. £, AREERSM
Mo, BxOBRERIHREBOELL. JIIKEL#AT
ML BT ET



184 O—F 2 7W9E H318%E 25, 175~184. FRR304E 3 H

X

RN B EH - HFUNEEEGER (2006) HEL MO ML —
Z WIS RIEEEENE 1 SRR p.216.

Borgstrom, A. (1989) Javelin throwing in Sweden-training and
methods of evaluation. Thrower, 46: 56-59.

SRt - @A - B2 ARKE 2011 PR D%
FRME & B OB, B REIERFSE, 87 1 17-26.

O AEIER - BH (1994 MAEHEFEE QKK -
RN 2R ERTSL. B BB, 46 ¢ 36-39.

NVET 2 -2 - 27 GfEHHIZIEZMR (2013) #5
DEEF— N L —Z 2 T AT IADEL DN G
2L 2R L TEE, p.102.

Hay, J. G. and Yu, B. (1995) Critical characteristics of technique in
throwing the discus. Journal of Sports Science, 13: 125-140.

Hoffman, J. R., Cooper, J., Wendell, M., and Kang, J. (2004)
Comparison of Olympic vs. traditional power lifting training
programs in football players. The Journal of Strength &
Conditioning Research, 18(1): 129-135.
Hommel, H. and Kiihl, L. (1993) Rahmentrainingsplan fuer das
Aufbautraining, Wurf. Meyer & Meyer : Fachverlag, p.235.
A (1977) HARANK & AR —V 1K) BHHERE K
5, pp.278-295.

Jones, M. (1987) THROWING. The Crowood Press: Wiltshire,
pp.-91-95.

Leigh, S., Gross, M. T., Li Li, and Yu, B. (2008) The

relationships between discus throwing performance and

combinations of selected technical parameters. Sports
Biomechanics, 7(2): 173-193.

f BiEc~ A2 > (2012) 105, N—ZAR—ILHD 4
HaL, p.8l

T a®Y I AF— L RES - B HERERR (1982) KA YR
FAMEORE B EE N—2AR— AP ok H
5, pp.11-424

Stone, M. H. , Sanborn, K., O’bryant, S. H. , Hartman, M. Stone,
E. M., Proulx, C., Ward, B. , and Hruby, J. (2003) Maximum
strength-power-performance relationships in college
throwers. The Journal of Strength & Conditioning Research,
17(4): 739-745.

AR - LR RE (20100 HARENICH T 2 M OBiE )
FhA). G LEIEESE, 83t 31-39

AR R - M B - ATRE - R - RA - )i
s(1994) FIBET ONA F AT =0 ZAWFTE. HARE
SR W E AN A F AT =7 AT, 4 RF
e, MR E R DR 3 el R LR
HERDNA T AN AR EE— X—ZAKR—I)~<
AP 4k RA, pp.257-271.

sl (1993) MR (Re#ike Lk AM U —X12).
N=ZR—=IVH D 4L H

B (2003) KR BHEDMUEZIR AR —VHEICK5H)
ENMIERT 2 FHR—R ) B & H AN BRI B9 5 M AL B
— NAF A7 AW, 74) © 303-312.

FR 2856 A 17 B34t
FER29F 10288



X

o
it
S

185

AR v > TR O H RIS 2 BREEIC K IT 2R

WERF v 2 TROF v > TABMNE LDk —

FIHBRSLAY  RAE®? JIHEELD SRS

The effects of expeditionary camp on attitudes toward nature of elementary and

junior high school students; Comparing with residential camp and nonparticipants

Masahiro Okada®, Akihiro Sakamoto?, Taiki Kawata® and Masahiro Horimatsu®

Abstract

The purpose of this study was to determine the effects of expeditionary camp on attitudes toward nature of

elementary and junior high school students. Scale of Attitudes toward Nature was administered three times (before

camp, just after camp, and 1-month later) to students who participated in Expeditionary Camp (N=69) and Residential

Camp (N=60). The scale was also administered two times (before camp and 1-month later) to students who did not

participate in camp (N=91). The results were as follows:

1. Total scores of Attitudes toward Nature in Expeditionary Camp were significantly higher than those in

Nonparticipants at 1-month later. Comparing each factor, there were significant differences in scores of “positive

affect” factor and “camp” factor.

2. Total scores of Attitudes toward Nature in Expeditionary Camp showed significant increase at just after camp and

sustained until 1-month later. The other hand, there was no significant change in Residential Camp. Also, total scores

in Expeditionary Camp were significantly higher than those in Residential Camp at just after camp, and the difference

tended to sustain until 1-month later. Comparing each factor, Expeditionary Camp was significantly higher than

Residential Camp in scores of “camp” factor.

Key words: Attitudes toward Nature, Expeditionary Camp, Residential Camp, Mountain Hiking, Wilderness
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BWTE, EELokDiz, HFHOEGEZT TIERNnE
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BRI T 2 BB 2 B2 DIV 5 72 OIRBR Y 72 22
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F oo ®P. B EHARBRIC & S THANDRK
HEEY, HRORWICHDOEZAEETHIETH
R T 2SR ZER TSI ENTED
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INTHO, 7075 LADNE (Hanna, 1995 5 AT
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1986 : Bogner, 1998 ; Stern et al., 2008) 73528 « H &
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ZENTW5S. £, Fv o 7RINCBT 2 AN
MERICKHT ZBEICEEE KT TWD ERBIN
TW% (Christy, 1982 ; Okada et al., 2013). —J5C,
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MICHERRM L2 RS BP L EVNIHREDLAS
N % (Gillett et al., 1991 ; Yoshino, 2005 ; Lindley,
2005 ; Orren and Warner, 2007 ; Ewert et al., 2007).
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BB EZ 5 X DM ENI W L TIERao4R
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The correlation between service performance and physical fitness

in elite male tennis players: The speed and spin of the service

Nahoko Koya?, Tetsu Kitamura®?, Hiroo Takahashi® and Daisuke Mitsuhashi®

Abstract

The service is the only shot in tennis that is 100% under control of the player, and the most potentially dominant

shot in game. This study investigated the service speed and spin as an indicator of service performance and analyzed the

correlation between service performance and physical fitness. Twenty- two male players playing at the elite level of each

age in Japan, participated in this study. It was found that:

1) There was a significant correlation between the speed, both 1st and 2nd services, and physical fitness, while the

service spin did not correlate with physical fitness.

2) Medicine ball throw, which is a test item of throwing type, was the item that we could predict the speed of the 1st

service, compared to running and jumping items.

3) A significant regression in speed between the 1st service speed (Y) and medicine ball throw was found [Y=1.16x+

100.24; x: medicine ball throw; » =0.81; p<0.05].

Key words: tennis, service speed, service spin, physical fitness, medicine ball throw
TR, Y—EZXRXE—K, ¥—EX[MERE, K1, A7 R—IVET

I. #

TZRCBNWTH—ERIZ, M—HFOEEEZT
TERFEASKD>ay hTHD, Fhmb/NNT 7L
T, F—LZEBICEDDODEER a3y FTH
% (Kovacs and Ellenbecker, 2011). H—E X O#E{E
i TR S BEANENT =254 % 25 OE ) EEH
ZRALUELZHEEEECHD, RBEMHLIINTH
5. ZHEEAHLA—/IN—v ROEBATHiZIES &
WOBEMNS, FEREMEE OBt EERIND 2 &
M2 (Fleisig et al., 1999). R —E X3,
TRTHEENT —%, Kz MEIERNSE
KL, OBz EHEEEFERSE TS, M

(]

BV E ZIERT, SHL2NT—% LA
RABINS, 75y NODAA T AE—=RZ LT, A
DN NZDRIFBZET, Y—EZADR—)VAE—
R & EEEMNE £ 5 (Kibler, 2009). ZDH—E X X
E— RERA 2 MEHSRICIZERBMENSH O, WG
ERICHEEERITTZENHEINTWNS (Ulbricht
et al,, 2015). MIDETHELS D, ¥—EXRAE—
REBEL NN EDOREEZHRELZDDIEE<,
P—EZANT + =< AQEEHRI T AR TIIA
<HISNTWD (Fett et al., 2017; Girard et al., 2005;
Sebolt, 1970).
NALNVDOTFZAEFE sty —EZXELT, 7
Ty h—EZXRNT—HP—EX (AE— REHTH
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REEHST) ZHV, 2nd—ERXELTRAIA X
PAEZEHAWS O —KH) T b 5 (Trabert and
Hook, 1984; Douglas, 1992; Groppel, 1992). 1stt—tE
AMABIRN D 8E, 2ndHY—E X 2F DBRICITHE
Eavgl Lbinzentd, HERICI—MIAND Z &N
Wi ElR>TWad, ZHUIRA > M ERDRWED
12, EHEMZEHRTSZEICELD (CHOW et al, 2003).
AE—REEMHLEZY—EXZFDOEDICE, v b
D@, Y—ERATAM COEEZEADE, X=X T
A2 ETHHBREDIROEmINRKOH SN S, Trabert
(1984) <> Brody (1987) i L#E, 517 HR—)L D
WHFEEEAL GG, TOESIITIHRK2.74m &N
T2, GIOEELRBRL2HGETHONEIREERNTS
TEFENMFATIERT 5201213, —E X3k
NEHMFETHD, TNELZADEITHEDHET
H5.

P—EANT =AM 2EKRELT, X
E—R, R, I—-X, HE nsofAaaoOE%E
NHIFEN5. KFETIE, TO5BEAE—R &R
RIZEBL, U—EANT7 =< ZDEELLE
P—EAZXE—REANER EDOBEIZ DN TR N
W|EIE£ <, Seboltld, k- THROEHMEM T ED
B D& X 2 LT b (Sebolt, 1970). Perry et
al [ X FEEBAL DM TN A, /8T —, EeoRHk
SE, BREY—EXAE— ROMEEEZBRNTNS
(Perry et al., 2004). /= 6B EWVWS HHMTH o
ThH, AT EBA, TIATAVINREAT 1
SRV ERAWE N —Z D T ERToER, Y—F
AAE—ROBEREICH ELZ#HED H D (Fernandez-
Fernandez et al., 2013). Ulbricht et al.1Z K1Y D F
AaFINP a7 EHRELEMFEDHT, HEHD
Wit WiNT—EP—EZXZE— RPHWIZBEHL T
BO, POBENEOBEEORSITHFRL TN
5. ISIHTEEOESEN S, EREONT =TT
37 <, NS LR AOEEEHEO P T/INT —
EIRET HEEMZRKE L TW5S (Ulbricht et al.,
2015). &S OEHEMICE R L E®mELLT,
Girard et al. I&HH L X)L O EVEFIFE, FRAT v
T ORI N BOEFN R <IHED T LERLTY
% (Girard et al., 2005). ZOXIITH—EZXAE—R
RN & QBIHIZ DWW TR MFEIZ WA, [
B EARIT DN TOREFIIRTIEAD 2 5780,
P—ERZEMIZIEREOMEILH 20Y, K& DH
HIZDWTIEE &L TWialy (Sakurai et al., 2007 5 £
FE A, 2007 3 A ERIE A, 2015 5 FERIE A, 2010 ¢ A

11ZA, 2016).

o ZEMNSEMER, FaFflb\)hoTa
ZYMS YT BTEFERRIT, Y—EANT +—
RUADIREL 8D A — RERGEEZREL, &1k
NEREDOEHICDONWTHRHFT S ZE2HME L.

0. ARAE

1. MRE

MEFE, 12~24F0F L aF I BFRETFEIZ
=7 —RREBHEF O T224E L7 (Table 1).
757 ETIR16LL D124 2 AR, 12~15/% D 10
#HEBREELTCRRLE FyaFf a7 EFOH
EOBIZIE, FERmORLEEZ O PHVZH#HEEL THO,
TONHEMEIZ149 1.0 Th o727z, 155%a Yk
2L 7.

TRTOMGEHE REFE2ZD) Tt L, HEED -
FHIEOFERIHAZITY, FEZGZ L THEICH L
THHok. TRAUEE, EHFBHEOMIEELS
FEROEEEZT, KREH/ TV,

2. AZEIEH

1) Y—ERNT+ =< RADEE
H—EZOWEIT, R—ILO%H (AE— K &[H#E
) ZEEICHERBEE CHD, MV IR T
ZAVL—=F—= (T TIA KA =T ¢ A% LUF, b
< w77 <> ; Wilson, online) 2L~ ~cIwr
X AT I N T2 R —)) DB FERE T & AT S 72 DI B
FINZPATALT, 3DRy F5—RICK 2 EHK
BEFNTHZEICED, R—ILOYEESITERER
DEHRETR EDFTERT—4, R—)L D#GER E DR
T—%, HEHAEREOEMEAT Y EHHTE 5.
NI IR NCEBAE— R EMEREOHEREICD
WTIE, EENSDNA AE—=RAATBLUAE—
REIEHESR IR DR EFAEOHIETH D Z &M, 5k
FRICE > TRESINTWDS (KW Eigh, 2016). k
TR E, B2 = —7HHK 6mDALEICHK
BEBIiIUL, PV Ad— MR —F —Z2RET
D ENARELE /RS, A TIREAN D — N TaHlllZ
EhL, FIvrxZOMLERIY - - DIER
BEZ, DO —F =0T —E ARy 7 AeKE i
TEHEI, R=ZTA4 N6 4mBEHITHREL /2
(Fig. 1).

P—ERE, Istb—ER(7Tv k) &R
P—EX (REY) O2HEOT—EXZHIEL .
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Table 1 Physical characteristics and test results of players in each group
all (22) group A (12) groupB (10)
% Age 16.6 3.1 18.8+2.5 13.9+0.9
g Height (cm) 170.28 =7.09 171.46 =5.52 168.87+8.72
§~ Weight(kg) 62.66 +7.55 64.90+4.84 57.78 =8.58
5' Scheletal muskle (kg) 31.84+£4.54 33.86+£2.83 29.41+5.12
Grip (kg) 45.48+10.01 51.13+6.02 38.70+9.84
SQJ(cm) 35.23+6.22 38.33+5.66 31.50+4.77
Vertical Jump (cm) 44.76 +7.34 48.47+6.34 40.31£6.03
- RJ-index (m/sec) 2.04+0.38 2.30+0.23 1.76 £0.27
% 5m sprint (m/sec) 4.60+0.31 4.73+0.31 4.44+0.24
g 20m sprint (m/sec) 6.271+0.34 6.47+0.22 6.02+0.30
§ Medicine ball throw (m) 63.78 +10.97 71.25+4.50 54.831+9.61
- (m/kg) 1.03+0.10 1.10+0.05 0.95+0.10
CODS (m/sec) 3.78+0.17 3.87+0.13 3.68+0.17
Stepping (n) 60.64+4.16 61.83+4.32 59.20+3.65
Multistage Shuttle Run (n) 131.55+13.93 139.10£11.90 122.50£10.64
1st service speed (km/h) 173.88+15.56 181.86+11.84 164.31+14.39
s;%) 1st service spin (rpm) 1595.31 £448.56 1702.34 £556.83 1466.87 £238.56
5' 2nd service speed (km/h) 139.514+13.98 144.73+12.77 133.26 +13.30
2nd service spin (rpm) 3325.67+574.44 3455.01+585.10 3170.47 +548.80

Trackman

Fig. 1 Equipment set up for Service Performance Test

(murakami et al., 2016)

77 —A M —EXTIEEREHTHNWT—EX %,
tH 2 R —EXCRERREIEEOLZ W —E X%
HOESIHERLE ENTnoEOY—E X %
Ta—Ad—hrM563E, 7 RI—FM53 ERDGFH6
B ABEt1R2 Koo Tr—F 2L .
2) &IRIE
RIME, 2008F05 (B BAT ZZHaT
FEHL CWDIHEZERL 72 CNEBIED 2014 ; /N2
2, 2015). —fkAIR R, KE, #BHOM, FEC
QHEHEZSTICHW . AT 0 > 2 R—=#ET CAF
MB#1F) & A mZHE (LLFCODS) I2DWTid, M
FTAMEICED T A NOEHEEZHREL 7=
OBHH=R - BEHROFHINE, KRS EE (n
Body730, /NA A ZAXR—24#) 2, o > E—
52 AT K OFHIIL 7=
@RI Ty :Yv 27 (SQ)) + FEBICEE LAY
Ty RNBENSDD v Ty N2 v F (X)L
FI¥ > TF A% - DKHE) CTEHEIL 7=,
@N—=T 1 x> 7 (V] D KB ZEFIH L7
Py T ERYNAAvTF (RNF IO T T A
% « DKH#) TaEHHIL 7=.

@RJ-Index : FZIEICET L7/IREN S, Hif 6 [H 1
N Ry > THEMLUE RKERORDEWN

Ty 2 TR OEMIR ] S ZERERI L D, UNT 2R
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Dy 7R EREL Ui E L, WIERICIERK
FREEHIMZE < L, DORKRE<BkET S &
ZOSETHERLUE. BEZYY ATy F (RILF
Py /T A5 - DKHE) #Hwiz.

®5mA 7Y ¥ hibmEDY A L' HEE
(Timing systems * Brower #:%4) & fWEHHEIL 7z
SIHTOBE, HE (m/sec) ITHURE Laldk& L7z,

®20m A7) > b 20mEDY A LE, HEE T
HIU 72, OB, #E (m/sec) ITHAS L ik &
L7

@OMBH#T « mi AT 3HE (L, A8, £
), ®BAM BT 1HB O 4 HE 2 FE L -
A1 AT OBE, WMIEEIE & D %0 A D I [E 5E
L, 2kgD AT 1 > 2R —)VEBFTHREELEZ. W
B3 THKO 2 ETEE L. AT - £8T13,
TZADA A=Y DEFTT TN R =Ny
N RORA T TR ERT. X5 2R3
F—=T LAY AE LT BT, BHmEY
A NN ST AT 72,

(®CODS (Change-of-Direction/ Acceleration Agility
Test) (ASC, 2000)

TRL4HHZGRILCEk & L.

a. Sideways (180 D) VR L) : Fig. 2alZHE ik

Start/Finish
gate

a. Sideways test

ZRUIE. A= Ht22 ==~ \HPA KA
T T TR, Lo —<—0FHD, LGB
Z1580R L, AMEEED KT B Rp
524 — b OHEIESRBICE/KL 2. SHOBITIX
HE (m/s) ICHE L. 2O, HHEEHI8.3m Tat
BT

b. Forward (90 DY) D3R L) : Fig. 2bIZHMlE fik %
KU, A=t ——U~"PA KX
T T TiEH, oy ——r 2K, LB
Ao 0iRL, Ry MARNEDKIT . HHA
RS 24— b ORIE D FBRICER L 7z, 4T O
IIZEE (m/s) ICHE L /7=, Z O, HHEEIZ8.3m
TEHE L.

ORATFTvEST i BRBHTSBHMORAT Y ES T %
KL, EEEREERELE WERXYY b A v F
(RNVFP¥ > 752A% - DKHE) %z,

W20m > v MLT > LR A BRI 7 A b D5
RICHEL, HIE L7

HrETaLE

FUEMEIET X TEIE L RERETRL L
(Table 1). B—EXNT —< AL (AE— R,
MR &) &AERTRELRR (B ARNEEED) o/

I.Fnsh

Start

gate

b. Forward test

Fig. 2 Change-of-Direction/ Acceleration Agility Test
(ASC,2000)
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Table 2  Correlation and partial correlation coefficient between physical characteristics, physical tests and service performance

HilEZR® D728, Pearson DB 2170y, £IH
HEIOHBETIZHE L-. TORRIZ, Finz HEe
BMELTEEZRAL ZRHABETHZEHL 2
(Table 2).

RICEIETF ORI 2R EWICEHE T 5729, I3
TEAERINS I T 21T, IR OREHIRE LS5
F1 Bk EA (LI FPCAD ZHiH U7z, PCALIZH
T2 &IHH OEIG %2R KT Efif i % Table 31T/R L
7z. PCAl1EH—EZNT +—< 2 A L OB #EM: %K
W57z, Pearson DAHBAMT 21T o7z, 51T —
EZNT =< > A LBROENE R Z KT 5
W, Y—EZXNT =<2 (RE—=R, [HiE®)
AR, BRI BIEHE 5 ER O 20mE FE,
BRI V], HEOMBEIFD 3EHH #MTEEE L
HEFHTEIT> 2. PR T2 ELGEEZZEL -
HEFOHTIE, ATy 71 XEEERL -

IR BRI AEAKMEIZ T RTE5% (p<0.05) &L
7. At IZ1E SPSSver.21.0 2 U /=,

m # 2

1. Y—ERNRT =R EFBHEDBEME

P—EANRT =< Z (RE—R, [EigE) &%
EHWPEEE (S ERARES ) OMIE K5 % Table 1
IR U7e. 728 2 ORI & RAHBS 7 5% Table 2

7 : Correlation coefficient 7 © Partial correlation coefficient
1st service 2nd service 1st service 2nd service
speed (km/h) spin (rpm) |speed (km/h) spin (rpm) |speed (km/h) spin (rpm) |[speed (km/h) spin (rpm)
. |Age .469* .259 .455%* -.098 Control variable
é Height (cm) .588** -.164 746%* -.070 .515% -.279 705%* -.039
% Physical test 745%% -.075 .598%%* .260 .660%* =203 A67* 379
%" |Scheletal muskle (kg) 776%* -.039 .684%* 197 703%* -.218 .585%* 297
Grip (kg) .800%* -.196 .5527%%* .382 742%%* -.381 425 494
SQJ (cm) .6347%* -.225 .606%* -.276 .485%* -.581 453* -.291
Vertical Jump (cm) 611%* .045 537** -.085 .445% -.240 331 -.017
'-o RJ-index (m/sec) .502* .067 467 .097 278 -.162 .236 .230
% 5m sprint (m/sec) .596%* -.090 457 .039 475% -.258 302 .100
i,z 20m sprint (m/sec) 736%* -.050 .6347%* .026 .6627%* -.395 499% .156
(5,;' Medicine ball throw (m) .814%%* .109 .6827%* .308 TT1F* -.106 572%* .533
- (m/kg) .516* 282 .465%* 229 .350 174 .289 .340
CODS (m/sec) 760%* -.201 .6667%* 157 .683%* -.414 .562%* .248
Stepping (n) 244 .006 .309 -.063 112 -.084 194 -.034
Multistage Shuttle Run (n) 373 .143 .266 .071 .146 -.006 .010 154
%% 1 po 05

Table 3 Factor loading in PCA1

Factor loading
;% Height (cm) 0.636
& | Weight(ke) 0.791
g Scheletal muskle (kg) 0.865
Grip (kg) 0.750
SQJ(cm) 0.821
Vertical Jump (cm) 0.873
= | RJ-index (m/sec) 0.756
é. 5m sprint (m/sec) 0.697
= | 20m sprint (m/sec) 0.918
% Medicine ball throw (m) 0.892
CODS (m/sec) 0.878
Stepping (n) 0.403
Multistage Shuttle Run (n) 0.698

IR U7z, MHBIfTAIN 51, 1st, 2nd T —E X R
E— REZARNEB &EOMICEREBRMEEANED 5Nz
mN, ATvEXSY, X MLI U IZIERERD s o
7=. —7, 1st, 2nd i H—E X [mlfxiE & &R IEE
& ORITIZHHBEAN D S Nsh o -,

Fofin 2 AR & U TR B ERRI U 2 RAHBETT 55
513, Isth—EZXZAE—REFARNEHEOMICH
BRMHENED SN, Rl-Index, KEHZD D
MB#F (m/kg), AFvE>Z, >+ hLI I
BOLNBND/ 2nd—EZAZAE—RIZBWT
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12, SQJ, 20mEE, MB#%F, CODS & DRI D H
HREIHENRD 5N —F, 1st, 2ndHicH—E
A Aldn & AR IEE & ORMICIZAEBE D 5Nk
mo 7z,

Fig. 3-11IZ—EZXAE— K (km/h) EKHDE 1
T (PCAD) 55 MHEERRR, FE#HoE
BERN L = mHEBEGREERLE. EMOT 570
Ist—EZXZAE—R&EDPCAL, HRIDZ S 7 5Hi2nd
P—EZAZE—R&EPCAL LD ZRL TWS., F

H31EF 25, 197~208. L3043 H

Z 7 LICIIEEFOEEIRINTHB D, sty —E
AAE—EK (km/h) &PCAl DRICIZA B AHBIAGE
D5 N (r=0.81 7y, =0.79, p<0.05). [[ I 2nd
H—EZXZXE—F (km/h) &PCAl L DREICHHER
FBEATERD 5N/ (r=10.71, ry,=0.63, p<0.05). —
5T, 1st¥—E ZA[M#RE (rpm) & PCALl, 2nd¥—t
A e (rpm) & PCAL & DICIE, E£65 5 HHHEIZ
B LNIho7z (Fig. 3-2). oz Ens, H—
EANT 4= >ADSE, AE—REENITTHEE

2nd service
(km/h)
B 2104
[9)
@
8
S 190
(2]
kel
j =
N
170
°
o ° °
150 =
Y=9.95x+139.51
SEE:10.06
130 r=0.71%
I'xy,z=0.63**
O P<0.05
110 R2=0.51
T T T T T T
2 -1 0 1 2

3
(
Physical test PCA 1

point)

® : group A (16-)
O : group B (12-15)

Fig. 3-1 Correlation and regression line between physical test PCA1 and service speed
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[ ]
45001
o o °
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3500 o O o
od  ® °
°
a m]
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250071 a ®
O
15007
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Fig. 3-2 Correlation between physical test PCA 1 and service spin



BFIY = T AEFIIBIT D5 —ERANT =< > A EKH & DR

TSHBEDYR SN T7n,  [EliniE SR IITIEAHBE DR
ZEMWREE N

Fig. 4ICH—EAN T+ =X A EGEEDHEZ
mU7z. Ist, 2nd3kiC, H—EZARE—REHEDRH
IA BB D SN hy (st 17 =059, 7y, =
0.52, p<0.05, 2nd :7=0.75, r,,=0.71, p<0.05),
[l & S RITIIAHBI R0 5 iz 7z

Fig. 51T —EANT =X A E1IREHZDD
JTAZ > F > 7R+ > & (JTA RP/ltournament) & O
MHEEZERLUZ. JTAS > F 27 813, #@E52EMICH
N b —F A2 N TESLRA > M TIEAL DT
INDH. WMRELDE—F A MIJTA (HAT =X
W) MEDTHY, EER2BEEND. £
DI TR TRA > SRS, S, T2
BEHOBEELTT > F > 7 ORMMAERG L 20,
P a7V RETIEFEMFIRNH D, SuRFELEMD S
CEF TR MM abEho . AROWNERETH DT
atTan Y OEFF, 15~165FKICRDHET T
N—JF A > NPT 2729, JTA RP Z2{#FFL T
% AR DT TJTA RP/1tournament & @ B8 2 73 bt

203

L7z, 2nd P —EZXAE— R & OBICH K /sHMHB
R U7 (r=0.74, p<0.05). Ist—EZXZXE— R
(km/h) & JTA RP/1tournament & DRI AHBEIZFED 5
nznorc.

—77, 1st, 2nd#iz, P —E X [EixE (rpm) &JTA
RP/1tournament & ORFIC1E, FHBIIED SN2 -
7z

2. Y—EANT =V RICEEESZ -EHHER
ICD2WT
B—EANT =< ADREERS 1st b —E X
ZE— RICEEE 5 A R0 EE OiES kK 2
272012, T2ABRBFR2AEMBI, ATy T
T4 RiEE W CERER 217>/ (Table 4. %
DOFER, MBIV (4 THEHDOAEHE) D 1 288 # M1
BT HHRERER NG S Nz (Y=1.16x + 100.24
(x:MB#1F), F=39.18, p<0.05). = DA 5 R
66.2% (R=0.81) TdH D, HEMDEAEA1T9.27
km/hTho/z. DD, MBI (4THHDEEFHHE)
DN S Ist T —EZAE— RK66%DHHTE S

iy 1st service b 2nd service
m

el

g -

& 8 2001 r=0.75 **

8 2001 ° O @ Iy.z=0.71**

5 8 P<0.05

» 2

-— Q

2 g 1701 .
&

r=0.59 **
rxy.z=0.52*
P<0.05
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Table 4 The Results of Stepwise Multiple Regression Analysis for Service Speed

Regression analysis of prediction thelst service speed from tests

Variable B SEB B r
Step 1
MB throw 1.155 184 .814% .814
SEE 9.269
R? 662
Regression analysis of prediction the 2nd service speed from tests
Variable B SEB B r
Step 1
MB throw .870 .208 .682°% .682
SEE 10.473
R? 465

B : Standard coefficient, SEB : Standard error of regression coefficient, 3 : Standard regression coefficient,
r : Correlation coefficient, SEE : Standard error of estimate,
R? : Coefficient of determination* : p<0.05

ZENRBENT (Fig. 6).
F#EIC 2nd o — E Z A E— K|

.7

— =

% G A T AR

EHH OB ZRO ATy U1 XiEZHWTE
B0 047 217 > 72 46 R, MB#UT (4 HH O & &HE)

D1ERZMNIERETH2HAERAERINES Nz
(Y =10.87x + 84.03 (x : MB#&\F), F=17.42, p<
0.05). TDFH5HRIZ465% (R=068) ThHO, H#iE
il OEREFEE1310.47km/h TH >/, DF D, MB#%
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(4 THH O G EHE) ORLERM 5 2nd Y —EZX X E —
REI47T% A TE D T EARK S N7z (Table 4).
AT TIIILARE DB & F i U 7GR, FEE 2
ATIHWZ EMnS, IR0 .
EEREIC DWW T, RAREEEB & OHBENED 5
Nz, SHnHbiRho 7.

V. £ 28

AL, FaFINL XD a 2T M6 27
BEFENRIC, Y—EXADAE— R MR ZE
MU, &7 EOBEENS, b—EANTF—T >
A BT D8N AR AR E 2 i U Tz,

1. Y—EARNT =XV REBENBLUFHREDED
R

H—EZNNT =< > ADIFELE U TAIFFE TIEA
E—REMEREICERL, WA & OBEMEZ 5
WiL7z. ZO#E, 1st-2ndY—ERXEHIT, AE—
R EARTITIEERMENED 5720, [Figs SR
TN s Nisho e, —RIVIZ, [BEREDN
WA B ER—IVAE—RIZFA TS (Cross and Lindsey,
2005 5 BFEIE D 2007). ABFZE T Ist—E X7
Fv h—EZR, 2ndY—ERFRAE>H—EX LN
2 RELTWVWS. 7Ty MF—ERIFAE—-RE2E
MY 2720, EEERITHD T DMEANCH S, FHiRiEs

(2010) OHEHFITEL D E, RN Y TR OZEFEN
D Ist ¥ — E 2 O [El#z 213442 1,000~3,500 rpm,  [7]
FRIZ 2nd ¥ — E Z @ [A]¥5 £ 13 3,000~5,000rpm T & >
2. AIFEOMREZEDOH—EAH1Ist, 2nd EHIZT
DFIPH THREE I A L TWiz, Fig3-2/m 5613, 15
UL T OBEEDS, 16/%2 LD AR &AL W EERE T
P—EZXZR>TNDEZEARINTNS., —HEL
T, AMEOY 227 EFIEZF > aFIL LNV OEF
THY, Y—ERITEERZENTDEMCET WS Z
EMEZSEND. F/zFig. 406, 165K ED AR
HEHT 2L, GROBVEFOY—EXREEREDS
WEBDIA BTz, B —E ARFITH SRV ET,
mEEEDDBRNT Ty N —EXTAE— REZEMAT
5£0%, AEY—EXTHzEZHESL, *v b
EHEATHREIIO-NMIAND ZENEE RS, &
EORWEFENLDZ OEEEZNT T —EZXZ2FT
DI EIIHRDIEEZEZ NS,

TR TOBHOHF THHEDOREWETFIZE
DEIBY—EXEF > TWVWZDIEA D0 BREEC
3, BRIBOmBEOEFENIATEN TV,
SEAREOHETH 2 ABORETICIN, 1st-2nd
LB —ERDMIREIIEEEZ R LD, —EX
AE—RIIMEMETH -7 (Fig. 4). Brodyll ks &,
N—Z T4 > E2.67mDmEE ) 5$T T 180km/h D 7
Zv MF—E X 1° OFRETHDEND (Brody, 1987).
5NNV ORI R B L 25 E, b—F
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AZNWND DI RIK2.74m DE I M6 4T7272< T
BabshnwEns#HiEd H S (Trabert and Hook,
1984; Brody, 1987). ZDXDICAE—REHD T T v
=B ZIE, Fv bOEIOYENRHEKINS, &
LIEEOHENBVWEERN TN >TLED. I7 v

FOEIII73.6cmAiE VI HENH D, 2.74m D
M EHMITEZD LA NI MFIZBELZE 2mEE
DEIMNROEND. Y—EZA 2\ T MRFITRERIC
M ZHEOMEIL, SR 100° BSEE R T + — L
EINTWBZEMS (Fleisig et al., 2003), 180cm
BEOHREIZIT Iy M —EXADEREEDDDIC
BN EEEEEZOND. U LEOZENSHGRICEE
NZEFOLA, H2REOHEREEZH UL X
E—RZHHETDHIENAREERD. INSEBEA
5&, BHEOFTHEOEWETIL, XDAE—FRZ
BHLAEY—EXDIEH %Y 2 7R 6 JITHE
JTHBEIRETHD. I SITHRITHENS, FEOH
Why L NIVOETFIL st —EZXDEIRED L)
EWENENSISH|ENRD D RHAED, 2010). EEE
NV Z—2araEH5A5ZET, AE—ROHGHEIC
BEMEC D720, L= N—ETFHNREEC 5.
IDZEEWEADE, BHETHROGWETIX, B
HEOREEZKEESITICAE—RZALEIEE Y-
2EHFETZENEETH .

AW TIE, 77y MOAA T AE—RIZHIEL
TWRWA, Chow et al. D IZL D&, by TEFE
OEFA, 2ndF—ERX LIt —EZDZAA T R
F—RIZCAEAEEEIZRVWESIN TS (Chow et al.,
2003). AA T AE—RKPELEZEETDHE, X1
T OHMTAE— RICEALT 50, FERRICKHET 2
MEZFEMERL TNWDH T LTS, AWETIHEN
& R R ICHBERMEERA N>l s,
[ERRICH LT 2 21 > 7, RHEREIDHDL A
BRI T 2 B2 65, SHBOMESE L
T, A>T AE— FOHIE B Liz< TEWiT7
2%

—HTH—ERNT =< ADIEEE L TREN
BAE—REMRTEOMICIZARERMENGED 5N
oo AMFEOERNUEFEEHDS> S, ZFvETE
X MVTCEBRWEEATARTY, v—EXAE—
REDOHERBMEZRL, RAEWRENEETHS
PCAl & ORIIC B A BB D 5 /e (Fig.3-1).
Y—EXBER, FEHEkEB- LEHFOT—T
F—3 3 >HRD 531 (Bahamonde, 2000; Wong et al.,
2014), [ELLE@H 2z nid7s57 (Knudson

et al., 2004), HMTHD. ZNH5DEEEZFITHT
7D AT, EHICAE— RALED DI B AL O
B, U —, Fhe0a—F 4 F—arERLEE
FBTWNELTIEARS RV, AFEHERTH, —F
ZWCAE—RELGZ 5701213, BER2EOHE -
INT—INRBETH D Z ENVRB I N,
P—EXRAE— R &) & OE 2 ®E U727
e d 20, AL TH2nd—EZXAE—R&E1
HEHEZODITAT > F > U AR A1 >~ (JTA RP/
ltournament) D IZH BRHEIGED SNz EEK
DT ZAFESIOIREE L TT > F > 7 OFIH & Bt
U7y, T RRFEwmMNDO T > F >0 2 X7 LhviE H
INTHY, FUEETHMTZ I LIIRETH>
7. JTARPTIZ16/K LA FOABDORETF DA TH 5
2, FICHEECTHR®E < ORETOLEBNIFETH > /-
2%, SHTICRIALZ. SElstd—EZAE—R&
JTA RP & ORICIIMHBENED S Neh > 723, 5%
IR EEREEP LD A TOERNNPLETH 5.
Ty REHY NOBEBIZHEN, By TEFED
P —EZAAE— KIZ210km/h &8 2 HKRIC7 - /2
(Kovacs, 2007). @itk ly & OBEEN S, —E X
EERE D HAE—RNEFEZLETSHE (Fig. 5), KEHE
FEBRMICHZ 22T EFOSBIT, MEMEZEY
THAE D OEMAET TIRRL, AE—R2EMRT S
F—E2HEMZHICE T TBZENEE LW, ZD
BEENBIZOMN - BT —D ML —= > J BB
WA TERR TAE—=RIZDRBRNEZT—EZNFT TS
£, U—EZRHIMMZIORNZEFEKOMENLZEHITD
JTBLZED, Y—ERANT =< 2 AM EDO—8)
ERB7EAD.

2. Y—ERNRT7 -V RALICDHENZEHHEN
2D\ T
P—EZAE—ROMEIZIE, BERSEONE -
INT —DSAEE & DR A7, - Bk - DS B,
EOEBEXICED2HNT—DPLETHLINITDON
T, IS A EERE. BREIFBONTOME, IstH—
EXAAE— RICHERZEZ G A ZHEHEBIIMB#
JFThHO, MBRIFOEHEHNY—EZZE — RIZK
66%EBAL TWDENIHRTH >, 4 BEOELT
KX EERENS, IstF—EZAZAE— RBFH
e E WS EIRE (V= 1.16x + 100.24 (x : MB#%1%))
W3, FRESSGICENTHAARERICRZ O TR
72557 (Fig. 6). #lZ13A >3- Dff#E% 190km/h
DY —ERZFDIELITRELHE, £ 73—FT
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Db L —Z 2 JEZ MBI 4 BEO G5 77.4m
BT ZEICHRET D EVSRIEHANC DS, E
BRICIZ D — E R & MBI & OAHBIATE N & W S FER
T, HTLEY—EZRZAE— RO ESEIN
LZOFTERN. LA T7a—-rTOML—Z22 T
Y, BEEEMES R RN LSES 2L E2HNEL
TW5DTHIUE, ZOXDBFEREII L -2
TJHBIZBWTHERTERWES SN —EX &
MBI\ T OEEZ L U 72356, Llm s LT RS
— Rk~ PG\ OEBEENB T 5NS. T2AT
TR AT —EZ 2 E— ROREENFHIE NS
ZEBDTHLL L, 2F2FH LY —EXBE
OEFEMENHA SN TS (Kovacs and Ellenbecker,
2011). L7223 > TR O h L —= >
JEWS DI, HETHOBRN»S b EHEFAL
74 —LDBES N =2 TENRDENTH
0, MB&FIZ L —=> 7 HikE L TE—HMARs
DTHD. FHEDORERIL, DX IRFEEBIGITHR
SEDWREMENRIZ END. DLEDZ LR SEARER
HEEMICH DD 22 TRRN S, TRk L
BADd—F 1 *— 3 »EMALZIELWMB#EIT
DT +—LEHIET, 0% §i- /T —~0D
ML= T NEBITT DT LD, MENTIED 50
AE— Ry —ERDEMA EICDRND EELLN
5.
KIFRTHEHALZN Ty I, BFOHEAD
RENBEENE <L, HORBEIIM S HEIE#RE
Thb Y—ERXZ{H>ERICAE— R EHEiREN
BIEEZ 7+ — RN 730, HIEKEETHORNS
il b L —= > IV~ ORI AMES SN 5. flAE
FHMBHEOFEICL iR E A E— REEKEIT
WCHIEST A LT, BFHHOERREZTF v 7922
CHHEETHD. £, EBFRMBOLENETH-
P—EXANESEEEEAE— RE2R> TWEHN5E
HEDOENEIIHNT 2REMET LI EDBARETDH
%. BT, TOF—LDAY DT LNDEANE
ATHD (FeHE, 2017, HEKNXNT+—< 2D
Ty EEPPEINTVS., TZATHRERGT
DFRBE T > a3 F IV LNV ORFNPHEE TRIHTES
KO THRE, SEROFMILKRPUFHFENS.
BHL N EYF—EZAZE— R EDFEARMBZR
U 7=#&132 « & 57 (Ulbricht et al., 2015; Signorile
et al., 2005; Mario and Marques, 2005), ABFFEH 41
5EXZFRT AR 70> 7= (Fig. 5). K TARFNC s
22 EDEZENHANBTFEFPIHA TIEET 27201

MEICBIToND ZEDE N —EZNT +—< A
THBM, AE—REEREOHERBEEMENHS M
oz BT, BEMEDH/N T — & OB TRN 2
EMS, ELWT +—ATOMBRITZEHIZET, £
DDA TORAALE, /N7 —~Dixft/z EMNEER
AT v T ThHhDIENREINTZ. E-HEREER
WKhHBHY2TEFTH>TH, AE—RmMEIZDR
MEBY—ERAT 4+ —LDORBEVWIHEM L —22 7
HMETTRET, HEiES A SHEMEAE—Rz2m L
I/LEMNOM G2 2 =T HFRNS HITHE T TH<
BRPIMLETH D, FHBIETTr Yy RAA T AE—R
2 EDFHIIBITY, [HiRE 5 2 SR ER OB bE
HETH 5.

V. ¥

AWFFETIE, SENRNY TLNNBFTAEF %
MRIZ, Y—EZADAE—REEEREZFHIIL, &K
T EDOBEEMENS, $—EANT +—< P AMLEIZD
BB ARNBEERAN LUz FREREIUTOEBD
ThH5.
LAWK NIEETH 25 1 Eln s (PCAD

EY—EZXZAE—F (km/h) &ORICHBERMEEDN

WHLEN. —HT, EigE rpm) EKIITITH

BRSO 5 7e o Tz,

2. - Bk AEOHEHHD S B, Isth—E XX
E—Rz2TFHTZ5HBIEHRAHOMBERITTH >
7z,

3.MB#JF (4 FiHDGEHE) ORlEkN S, 1st¥—E
AAE—=RY 2FHIT 27200, Y=116x +
100.24 (x : MB#1F) EWS FEAERAIES N
7= (r=0.81, p<0.01).

DAL EDFERMNS, R TARNC/IRS ZEDZNHA
ANBFEENHFTIHET 2201 EICETFo NS
ZEDENY—EANT =X A THBM, AE—
REARN EOFRERBIEMEN—EH SN ITRo 7. F
I, BREEOH/NT — L OBIEAERNZ &5, IEL
WT 4 — LA TOMBETZEHITET, £D5ATOM
Sk, fiNT—ANOEALR ENEER ATy S TH
5 ENREEI N

g‘E

[

AR (R AAT =AWt ar)oa=7F—
LDEF, I—F - A5 v 7 (MHEAR MHEER RAE
—HR), REIIN—T7-FREF-LOETF, BEEHE
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The relationship of running distance and aerobic capacity in long distance runner:

Follow-up of 5000m running performance

Sho Nakazawa®®, Kazuki Takizawa®, Yoshiki Koto?, Koya Yamashiro”,

Daisuke Sato” and Atsuo Maruyama®

)

Abstract

The purpose of this study was to clarify the relationship between running distance over an 8-month period and both
5000 m running performance and aerobic capacity (VOzmax, VOZVT, running economy). The 8-month study period was
divided into two segments of 4 months each. It was found that long-distance athletes could run 5000 m in about 15 min
30 s. The analysis also confirmed the following: (1) athletes that ran longer distances in the 8-month period had better
5000m times; (2) they had higher VO,VT; and (3) athletes whose distances were longer in the first half of the study
period had better VOZVT and 5000m records in the second half of the period. The anaerobic threshold reached a higher
level in runners with greater training distance, resulting in an improvement in race results. Furthermore, based on the
fact that the distance run in the first four months effects on VOZVT and 5000 m running times in the latter four months,
this study demonstrates the possibility of training effects occurring after a certain latency period. The results implicated

that it was important to track running distances as an indicator of race performance.

Key words: running distance for 8 months, VOZVT, 5000m running performance

8 » HIDETTIRME HIERIfE, 5000m R

I. #

RUIFHEE ML —Z= 2703, EfTIHEEE BT 2 R
M= T EEREEZEMRT LA 5=k —
SO ETRITES (L - T, 1999). EHEEEE
L= 2703, ETERZEZ BT S S EREITES
20 ML —Z 2 TBEIIKLS 2B, HICEEREEE
HEBE M- Vs < 20 ETHSHI D
{BBEND L —RATOERICH S (FEEE - (L,
2008).

WTIHIZLTH, bL—= 2 VBT ETHEE
EEED EE S ZEHT 2NIEEDERF OB R,
S - RELITO TWB. 2O LT, EfTHEEE

(]

EEALLZI—F DT ITBET 08 <IN
Tn5.

Hp 5 (2010) 13, KZEURTIERE L TWw 5 KIFHEE
Fo5E, 1FH O H BESTEREZ 7 700-800km
IETAHEDIfThbNTWEZEEHMELTWD, @0
HIEA (200D 1%, HAA > 771 5000m 2 H K
BURDR2ERE CTRME % M & #5 L2 AKHZEFD
FL—Z 2B DWTHHELE. £ T, K¥4
R THERBIGETHEEZ ML TR0, EfTESED
AT LB U it it L U7z S LT .
R (2000) 13, BHDO ML —Z 2T NEZ L LD,
EHEEERNL —=2 7 0d 0 52 EFIITHRET L 725
R, EITERBEOHE T el U i psim L Uz &
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Department of Health and Sports, Niigata University of Health and Welfare

2) —HekEEN SR FEMTTT R A
Institute of Physical Development Research
3) AtiEE R EE R AR E B
Graduate School of Education, Hokkaido University



210 O—F 2 7W9E H318%E 2 5, 209~217. FRR304E 3 H

HERL T b, FHEIFD (2014, 2015) 13, BiEHEE
BEFZWRIT 1y A OETHERE (470 = 51km, 490
+66km) &5000mERLEk & DRENCA ZEBEBRND 5
ZEERDTVD., NS ORI, EfTHERE) =
F ORI EBHICBRL TS ZEERBL T
%.

—7, EEEZERLZI—F 2 BT AR
FEAEFDLNTWRNWDOMNEIRTHS. ZDZ &
13, WINOMES S ETHEMEZERLZ N —2 >
7 OF5 ISHE AN LT B &0 D BRI IR &
LTCWAREMEZRIB L TV, LK (1984) &,
long slow distance (LN [LSD] &W&E9) O A
EEH LA =NV ML =227 X0 &5 RS
M ETHEMICHD, TOLERENL—Z2T0
FMBEETHDENWDHMAZRERG N S HEGL T
Wz,

INH&D, M= UBTIIE TS B
EOLELSE2EHTL2hOMMIMTE ST, REW
WCIRTEDFNEETH D EWAOGNTERLI EDD
MmB. LLBNS, Winbs REHE S FREkES
DOERICEEE > TWDED, ZNITINA TESTIERES
AR EROBGRE D 2 Eid O —F 2 VI EEN
bo. TOBERMNS, EfTIEMARBEEEEEED
BfRZBE L 2 diThn T g,

REEEEED b L —= > ik E A REEERE (&K
s IR © VO,max, JEfEFPE(ERERIME : AT, £
UM RE) ITBIS 278 & LT, Kk (2001) 13,
LSDH.LO L —Z 2 HEZRE— REFH.LO b
L—=> 7 #iEenenl s %KL TV0max
KUAT &L L7z, ZD/E, LSD L —=2 7]
DATEIZAE—RL—= 2 7HOEI D HEL LD
s U7z, i & 388 (1983) 13, KFKIEHEHET
R GICT-SHM DR N L —Z 2 T E{Th Rk
B, 70%VO0,max Bl I @i FE T 110km /3 LA 1= 0 BH
EETLERETOVOAT KIS %ML 7= 2 & &
% LU7=. Gorostiaga et al. (1991) 1%, FL—=> &
MEFICR DR N —= T &1 7 —=NV R L —
=2 T DR R IR ERE W B RV OB A0
S L7z, ZO#RE, il —=> U TiE—EH#
FETOMFERE CLF [VO,) &9 (& F E@t%
BRI M, (> =NV L —Z22F TIiX
VO,max 8K & g AR BIE B IMAYE Z 0, ML —
ZOTREIC R D EER SN DEWEI S M L.
TIN5 OFERERIZ, N —Z 2 ZEOEVHRER
NOAEMMIGELEAZD ZEERL TS, LML,

ZDEDB ML —Z 2 Tk EHRBEMEIEEARICET S
e LIl - 263%, 1983 5 Gorostiaga et al., 1991 ; F i,
200D 1%, Wi bH1-2, ARE L R E LR T
Holz.

EM OB & LT, VOymax, AT, RE &5000m &
PLERE 2 84 H -5 EICH o TEBHFL 722813 W
<DOMFET oS (LH - BT, 19755 /NE, 1990 ;
i EE Ay, 1997 5 Jones, 1998). 3 4ER] (1 - =R,
1975) & %3 5 4ER] (Jones, 1998) DiBFRFZE T,
EB 5 BERRAIIEEICH L L 2A%, VOmaxiCH
BEREBMIED s NRNh> . 1FEHRODOREDERT
WEREZAEICH L 7225 5000m 3B & TU10000m &
sodRiEm B UsA o 72 (EE2Y, 1997). /& (1990)
284, AR ML —=> /1B L 7= VO,max 25
PERIE (CAF [VT) &RET) OB Bt & A&
BEEAH D I EERELE ZOREMNS, VO;max
AT (VT) B A FH A OM LICEBNT 2 &R
Ihiz. —%, BREIOBEIZETII ML —Z 0 TN
ZoWnwTinh s TwianZ EngEL, hL—=27
R FEIEIERRED 2 WIZHH R O BRI DWW T
ST\, BEchz2s ML —Z 0 TR A
FHEEREEOBEREHRICTZ 281, a—F 27
FHEENEL, TOBRHI N —Z 2 VBB OFE
WHSGTHEERDDERD D .

EHRBEEFIIRE 5 2 KRRk T & 2 P REE O
EThL—Z27L, ERED N —Z2 T &II0NAR
MICD7a</zoTCLED LEMEINTWSE Gk,
2009). F7z, FEIEH (1990) I, EN—EHREE,
TV UEFEMRICT D E, VEMORFETIHEEIC
K9 BH71.3%1ILSDRjogZE DRt L —= 2> 7 T
HollWMEL TS, EHEEN L —Z 2713, K
fECREEEE, LSD/aEDETIHRZERT S N —
UL, EffE#EE N -2 JOHKELT
WAHEADH O (R, 2000), fFEFIRNL—=27
NBEDEREOFGLROLE a2 HEL TV, ikl
XD, FREEE CIETIEEE 2 VR TIE R
DRV EW DRI B 5. T DIRG % MRGEE
TEDLEDIT, AETIE N —Z 2 TANDIEEE
EATIEBED A & Uz, EITIRRE S AR RIEEERES S
IR R & OBREIREICT D 2 &3, fREED B
V= A a—%FRT2BICERITRS. £
2, A—=F 2 TFOMEMS, Mz L —=27
N OIEHR, RHCETIERE S BiE Ok, 512
FNEEMNT BETIEE S AR EEREEORREE
oI LI3EETHD. T ITAUEIE, K¥EBT
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RUEBZETF 20228 ARICHB T 2 ETHEHEN
VO,max, VT HBIED VO, GIF [VO,VT) &I59),
RE B XL U5000m ERLER E ED K D RBRICH B0
HerZLEAMELE

0. 75 &

1. #ERE

WBRFN IR EDORE EFHEABICATE L T2 B RiE
BHET 104 Tholz. 0O 5, 3H4OBREHNLIM
ORPCTHAEFIRZHBIC L —Z 2 V2L, H
M EMERREZHET D ENTERN . D=
D, 3HEMRN LT HEGHHRE L. #HBRED
BRI E 2R LITR U 72, #5# @ 5000 m & & i
I 1457 5580-16 0 20 DHPEH ThH > 727280, K%
EHREERT OFHAMES L QHME-FRETH - /.
BeEEICE, U7 — K (1993) MfERL Twa
160km/H OETIEREZHEE L ChL—2 2T H
oo REBINVY DFESICEDIAEOMBEER
ROERRBEHTEBI N,

2. REREARM & FIE

EFTHEEED X OB R A OB RNT 20124E4-11 A £
TO8r HHE L, AREFMIEEEZ 6H & 11 HITHI
FLz £ ML —Z U VEEI— NMCETHEEZ
RAI®. ETEIY+—3>T7 v, 7=
UG UEEEBVWAL N L2 T DA (R
B EORBEHIED) Lk Ux—I2T 7y
T, =0T EEERMOEEBEELT, U
T4 7 — K (1993) 134 E O A T160km/ ¥ O EAT
HEEE LTz, AR TIIU—I2 07y
R =TI AIEDIRMMo T EBIE D 8 »

=1 WERERE

A fh gk 6 HIKE 11H/KE

(y.0.) (cm) (kg) (kg)
A 21 168 57.4 57.8
B 21 166 56.0 55.4
C 21 169 61.0 60.8
D 20 169 54.6 55.6
E 20 170 58.1 57.4
F 20 174 57.0 56.0
G 19 173 59.1 59.6
) 20.3 169.9 57.6 57.5

FEUER 72 0.7 2.6 1.9 1.9

AIZH 2 ETIHREZ 8~ AMEITIERE 4-7TH
FCEACEMETIHE, 8-11 H £ T&BEMEITIHE
E U7 BRI S I1IT BT 5 5000m E L& & A
ZEITRERL Tno/z. 84 HEOME TR Rt
e — X EEikkE L, 4-THETORESLIRE
A HA5000m E ik, 8-11H £ COEELFEE B
#15000m &gk & L7=. VO,max, VO,VT, REIZ, 6
A OfERA AN VO;max, VO,VT, RE, 11 A D55
%1% VO;max, VO,VT, RE & L7=.

3. BERZRMIEERE

VO,max 35 & UVOVT DFEIEE, AE1%D ML v
RIVEICK D EE WG E AL TIT> &, 8km/h®
A T3HMETL7Z%IC 1 1km/hd D E %
BN U BRE A R T B 2 ECEF IR, BT
F1 V0, b FEHEHE (VCOy, HA & (VE)
B Z o hrEmE (S0 A e =4 —CPEX-1,
breath by breath, -f >4 —U NfE&) THIE L 7.

VO,max DR EIZIZDOV0, D 75 ~—H % D58
@IFFETE (RQ) > 1.0-1.5, @0 % > ;KO0 —
10bpm % il W 72, HIE L 72 V0,2 308 Z & i EY
L. 30®M®H 7= D O VO, D&l % VO,max & L7z
VOVTIE, 14 FEHiIck > TRD EVOIC 0T 5
VCO, DBIf%ZE Y/ 5 7ic L, BN 5 IFEBITIR- 7=
M & L7z (V-slopeif).

RE O#IZE, 16km/hEEET 6 MO —EHEA
TiEE{T> 2. EFHOVO, MG L, VO, 2E Ik
BB 725 7= A THILA D 3-6 43 H % 49 L VO,16km & L
7. EHEZE 1I6km/hICFEE L2 DIE, REZHEIET 2
FFORERFERE Z E— R2Y268m/min (=16km/h) T
BB TH D (BHIFH, 1986 5 Jones, 1998 5 L
(L1, 2004 5 KF « 3, 2009).

4. #st
TRTOMZ FHME + FEHERZAE TR U BRI
D8 A EREM (4-7H) LM 8-11H) IThH
V, ETTEREE, 5000m ERCER, AR FHIEMEEREDR]
P B L OB W THISD & 5 il D student-#
MEZEIT> 2. Fie, EfTIHEEE GE, #0, 8 -
A, 5000mERLEk (AiEH, Zl, > — X P&
%), VO,max, VO,VT. RE (R7¥H1, #%EH) oA
B 2 M3t 9 % 72 12 Pearson DA B R 5B K ONEAR
HfEZ{To72. IXTOHBIIDWT, fAEKER
5% A (p<0.05) & L7z
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m # 8

1. FEITIEBEE VO VT DEE

b I AT R & B B VO,VT ORI 7 = 0.816 (p
<0.05) DA FEBMHENED 5N (K1-A), EfTEHEE
DEVEFIFEVOVTAB W I EMNRINE E
72, BIEHIETTERRE & 5 HIVO,VT 127 = 0.964 (p<
0.01) EEWARERBMEENED 5N (K1-B), &Il
EFTREBEAE I VO,VT IC B %2 5 2 T\ .

2. FEITEEBE L 5000m ETFEDOBEFR

8 » ARIETTEERE & 5000m > — X > kRt kDM IC
r=—0.853 (p<0.05) DA BE/RHBENED 5N (X
2-A), EFFHEEENZVETFIFES000m > — X > K
FLERSRWZ EAURI NGz, Fiz, AEHET IS
%2 11 5000m EFLERIZy = —0.948 (p<0.01) DRI
AR5 (K2-B), #iHESTIHREA 10 5000 m
ARG EZ 52 TV,

A. HFHREITIERE & HEVO,VT D%

65.0
£ 600 :
)
§ 55.0
€
= 500
g 450 r=0.816
> (p < 0.05)
=400
¥
elk_( 35.0 1 1 1 1 1 1 J
250 300 350 400 450 500 550 600
B HFETEEEE (km/ H)
B. HIEHIFE(TIERE &% HIVO,VT DG
65.0
€ 600
B
< 550 f
E
e 00T r = 0.964
S 450 (p <0.01)
ﬁ 400
3& 350 1 1 1 1 1 1 J
250 300 350 400 450 500 550 600

AT HESTERRE (km/R)

1 EFTHEEE S VOL,VT ORIG

3. ZETTIERE 5000mERER, BMBMIEEREDHRE

ATETS X OB O EfTIEEE (i #1421.8km/
A, $%¥H1432.3km/H), 5000m EqLEE Rl 155
52D, 2 H115%732%), VO,max (i H#165.3ml/kg/
min, %¥1166.9ml/kg/min), VO,VT (§i¥H152.4ml/
kg/min, % #153.2ml/kg/min), VO,16km (fi ¥ i
56.7ml/kg/min, #%3¥:4]53.6ml/kg/min) D EZHERE D
EEEHEEZE2ITRT. IXRTOHFEHEHIZHBNWT
FRERATROD NN . £, ETHEEECBEN
THBHED D 8H (106km/H), #EEF D9 H (58km/
A) BEEICE> TR L —2 > FTERN - MMM
HO, ARGETERES IS D<o 7.

4. 6 RAIELIFEDS5000mRE L EEIR1-44 AR
DEFTIERE DR

6 H 5 PARE D 5000 m fz = sk & ET 1-4 7 H O

ETHEREDBIFRICDWTE 31T/R L2, 5000m EFLék

&2 AMOETIEEEZr = —0.881 (p<0.01), 3+ H

Mo ETIHEEIC,=—0.879 (p<0.01), 47 AR D E

A. 8 s AMEITIERE L 5000m > — X Rm i ir DA%

1050
g 1000 r=-0.853

iy N (p € 0.05)

e

WIE 950

1

A o *

'r|< 900

N

E 850

S 250 300 350 400 450 500 550 600

84 AMIEITEERE (km/A)

B. BIFHEAEITEIERE &R FHI5000m ELERDEIR

1050
f]
ﬁ 1000 F r=-0.948
b (p < 0.01)
# 950
£
g
B 900 |
ﬁ (d
H
¥ 850

250 300 350 400 450 500 550 600
AT HE TR (km/ F)

B2 EfTHHEEE 5000m E LR DB 1%
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xR 2 GEfTEERE 5000mERCEk, AEEFEIEMEEREOHEE

EfTEERE (km/ A) 5000m #E F % (sec) VO,max (ml/kg/min) ~ VO,VT (ml/kg/min)  VO,16km (ml/kg/min)
AR B 8 o AT AR B - 6H 11A 6H 11 A 6H 11 A
A 480 565 523 924 895 895 70.3 72.5 59.8 61.4 55.5 58.0
B 447 527 487 911 904 904 65.3 62.3 55.9 56.9 54.8 49.8
C 457 471 464 953 915 915 69.5 73.4 57.6 58.4 57.2 56.1
D 426 354 390 955 918 918 65.4 71.0 51.8 50.9 54.8 56.1
E 401 432 416 925 936 925 60.1 62.9 46.3 49.1 54.0 51.5
F 379 286 333 970 979 970 68.5 63.9 51.5 49.1 59.6 56.3
G 364 391 378 1,027 980 980 57.8 62.5 43.6 46.6 60.7 475
S 421.8 432.3 427.0 952.1 932.4 929.6 65.3 66.9 52.4 53.2 56.7 53.6
PEHE R 2 42.5 97.8 67.0 39.1 34.6 32.6 4.8 5.1 5.9 5.6 2.6 4.0

£3 6 HHEITLED5000m & acdk EEIT1-4 » A D

EfTHEEE DB (%
6 F H15E LA 5000 m 5 e e d
r p
EiT 1+ ARoD _
E e 0.742 0.056 n.S.
BT 2 Ao B
E 0.881 p<0.01
EE 3 7 HiE D _
Eh e 0.879 p<0.01
BT 4 AR B
E 0.757 p<0.05

TRy = —0.757 (p<0.05) DA ZZHBENZED 5
Nnr-.

5. EITIEBHERICEK S 5000mERLE, BHERME
ERREDZELE

FEFTHRES VO,VT, 5000m AEFLER DARBIBIFRAS AT

L7zZ&EMG, FiEln o @M CGEfTIERED

BN, LR E 2L — 20, K0
Wil 7z EfTEREE 5000m ErCsk, &4 M FHIEIEERE
D% A W —arE ) DWW TE4ITRL
7z, BRI SN/ CETIEEBAIIL 2 5
% (HB#FA, B, C, E, G) O&{LIEIZEfTIEREA47.7
+32.8km/ AL, 5000m EFLERN22.0 £ 23.77[A]
I, VO,VTIZ1.8 + 1.0ml/kg/min il LA 57z &
TTHEREDNA LUz 2 4 (BRE D, F) Q2L EST
FRAE7382.5 £ 14.8km/ A L, 5000m zE 5L &% 7% 14.0
+ 32580 F, VO,VTIZ 1.2 + 0.4ml/kg/min % FA1 5.
5N7z.

6. 4-6BMST-MBICHIFTTOETERS LUE
AREMFEREROZ(LE
4-6 A5 7-11 AT COETEREO L L' EH
HEEFEMEEEEO LB OBEBRICIOVWTESITRL
o, FEATEEMES B A EEEMEEEREOMICA B2 HHRIR
RIFED 5NN 2, HEREICIIZENR SN
7=. Fisbb, EFTHEREE VO,max (r=—0.103, 7.s.)

&4 GEFTHEBEHEIEIC X D 5000m ERERD & OB AR R IEIEEAEDLLE

AT IR 5000 m FEFlsk VO,max VO,VT T VO,16km
(km/H) (sec) (ml/kg/min) (ml/kg/min) (m/min) (ml/kg/min)
AR R Rkl AR AT Akl
A 85.3 1 291 221 1.61 581 251
.. B 80.5 1 71 3.0 .01 17.4 1 5.0
igi%%ﬁ c 1401 381 391 0.71 171 11}
a E 3151 1l 281 2.71 23.11 251
G 2731 471 4.71 311 306 1 1320
Sty 47.71 22.01 211 1.81 15.0 1 391
P ff 72 32.8 23.7 3.9 1.0 13.0 5.9
EfFEERE D 721 371 5.6 1 0.9 811 121
ek F 931 91l 46 151 381 331
SEH 82.51 14.0 1 2.81 1.2 221 111
R A2 14.8 32,5 6.9 0.4 8.4 3.2




214 O—F 2 7W9E H318%E 2 5, 209~217. FRR304E 3 H

X5 4-6 AMS7-11 AT TOEFEHEBL O
BABFMEEEEOR LR

4-6 H & 7-11 H O FETHEEO ARV &

r b
VO,max -0.103 0.826 ns.
VO,VT 0.752 0.051 ns.
V0,16km -0.248 0.592 ns.

BELUV0,16km (r=—0.248, n.s.) DREIOHEEGEIZ
&> 7275, VO,VT & ORI DAMHBIREIZ » = 0.752 (p
=0.051, n.s.) &HLEMEWEZRL 2.

V. & 2

EATHEBENYZ VBT FE ARAL Y R W &0 S RHFSE
DOFEFIE, Scrimgeour et al. (1986), FKiFiFH (2014,
2015) OWFFE LK TH > 2. FKEIFD (2014, 2015)
3 1o AR E WS s ry R W B O = 17 PR & Bk
FARICBEROED 6N EME Lz, RIFFETIE 8
H I & D &I T 0S8 E 17 R #E390-470km/ A
(97.5-117.5km/i) & 5000m > — X > B ik & D
WEBERERSED SN, 84 HOMIZL < Oz
AT TEZHEH135000m & Gl k2 PR E T 2 —F KT
2055 LRI NI F7=, Scrimgeour et al. (1986)
13, XTIV ERRIINEIIRIV CDOEFENS
I, ERETHEEZO60km L F, @60-100km, @
100kmPA LD 3 Z ) — A2 9 s L —= 2> 7
SH. TORE, —FHEFTEHED 2 100km/E LA
FEOTN—THD 7)) —T XD H10-90km E D #E
BEM RN EWME L. UT 07— R (1993)
13, BHORERBRN SATX D 2L WVWERE T
160km/BHNHEREN 2R LI T2 EWE L. K
W 5% H O £ 7 BEEEIL Scrimgeour et al. (1986) DIFIE
@IMET 25, UF 17— RHRT 160km/ i
(640km/ A) 13 RiT 7o 7z, HEZER TS o
ERE LT, #5RE M T5000m14 55 55 #-16 73 20
MEFBHRLRXNVICENS > ZITHBEOLT AT
160km/#H E WS HEEZZRE L L I ENBIToN 5.
U4 7—FK (1993) 1%, #9L H 160km/ D EFTHE
BERRWEWNDI DT TERAVNERRTED, UFg
7 — RBRDAREIZ D W TR 7=/ (2005) 13,
160km/ ¥ D FITHDN T &I ~ DIRFAEIC
FOoTHIELEZIFEOMENWERRML TV, Lizhio
T, EEFHETOBEBETERZHET S8R,

B L NIRRT OGN Ko TR BEE o Ef7iE
B HTETH50ENH D EHRIND. BIEEOETE
BT 2 Z L3 TERN S 72H, AUFFETRBICT
b= ML —Z 2 T OB o220, K DFEE
BGIGEWERN GO NZESA5725D.

AW ORER, EFTHEREAT% VRT3 VO,max %
VO,16km & D & VOVT AL D BN TN D Z EATEED
5372, 5000m L O H I3 T VO,VT 13 VO,max
0B EHRAEE OHBENENZ ENWEETN TV
(Tanaka et al., 1981 ; kumagai et al., 1982 ; By Ff:iZ Dy,
1991). £ (2001) 13, LSD D & o /s {KikJE CTEFT
Bl Z #INY % N L —=> 7 TAT (VD) A Ed %
EMELE. 2ol e, ETHEHEL TE 5%
FIZEVONT O EAED H5ND T EICRDES S,
£/, LT (VD) 13, HOMEEE S (QO,) = sk ikl
Bl 50 % STHEDENE (%ST) (Ivy et al., 1980),
R barRY7ELEHINE®RE (Tesch et al., 1981)
REELERICERLTBY, HoMBLREREHESBE
5. Gorostiaga et al. (1991) 1%, F L —=>7
EIFO R, —EHETOVOE T &Ml R HEE
PERIINZ SRS L 7=, 75 OB LR EEFRIE N S VO,VT
M EICEBNL TWa. £, HEEE OB,
VO,max DA IEE > TLE S8 THA L LET
2 &EM5, AT (VD) 1dVO,max kDb kL —=2> 7%
IR B Z M (1) DEWERBIN TS (G
H, 2009). L7=2>7T, RO 8+ AMODEITIE
BB 5 B VORVT ] RIS [V 7= B AT BEEEE A 0 -
L=V OBEHFIRENEEZ SN,

VO,max & 1T HRMED & TX5000m ATk & O BIRME
123D 5N H o 2. VOumax & 5RO BIRICD
WT3-54EICH =2 EMMOWEICBNTIE, Bk
AT E L 72 25VOumax 132k L s - 7= (1
Hi - =R, 1975 ; Jones, 1998). AWFSE Dk FId S AT
BFEE LB, K< FL—o V7 INTVEEFRIFZE
VOmax MM LIS WI E&ERLTWS.

RE & EFTIEEER &L TU5000m Efodk & O RERMEILE
¥ 5NN o 7=, Billat et al. (2003) 1%, Y= 7 AE
RS T % vVO,max (VO,max A3 HIE U 7= s 0 2 580 )
DO RL—=> 7 EVWOmaxAFO ML —= >
FEIZHTTHEKLEE DS, vwWO,maxbL LEEDF
ASvVO,max B F#EL U & 10km EFRER AT BN S 7. &
DFEEDEWVZREDENTH D ERB LTS, RE
BN A AN =Y ABEROERRAIK E 0D E WD i
HdHDZ EMNS (Williams and Cavanagh, 1987), RE
ZRETLEDIEHIEOBERNT 2T T — L%
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THEDOT TO—FNENTHD EHEINDS. L
72735 C, REWFETHEEE OBRZRFT 2 008
LWwEEZ BN,

ETHEEE OMARZRZE BT\ &, Ak ETE
B S5 EHIVO,VT 127 = 0.964 (p<0.01), RTFHIEST
FREE & 121 1 5000 m AEFLERICy = — 0.948 (p<0.01) &
FHERBGNED SN ORI, BRI BT
5 EITHEEED b L —= 2 T RVRNE O VOVT 5
K U5000mEFLERIT KL TWDH Z EEREBL TN
. PL—Z T OFEEMET, HEH (2000) 1ZKRY
1AEXRO® 7HI2639km/ A, 8 A12659.6km/H DD
AADTE 272D FD5000m, 10000m T H C & Find
RaE KIBICEH L2 EEELEZ THBXUBADE
TTREBE DRV RD, Br A OB R DM ki 2
LTWaEEZALGNS. [FHEKIC, HAMYy TEFEL
TIEHLZAKED, KFAEROTAICBEREHD
1057km/ A Z2ETT 2 ENTELRZD, 2HAEA
> 7115000 m #5550 2 D 1 D K BRZ T X Rl ic
BRI DM e L Ue (IRHIEDY, 2001) . AWF
FEDFRERIT, MRETHEFTHMDENIH ZAY, Fi
B AT T B O B AV 0 VO,V T & 5000m 7E 7Ll
RICEEEHZTVWS EEZENS.

X7, BEHNCAS 8 AZRITIE, 9-11 A OETTIE
HEAY390.7-424.0km/ H SR <, ZORHNIZHEH O
TN CTREOEZENGENT NS EHRIN
5. T—)NU > 7 D¢ & LT Houmard et al. (1990)
iE, RHEBGEFI0AZHRIC4EMONL —Z22 T
(GH81km, Hif%324km) DI, EITIEHEZ 70%
WO EE3EMOT—/NY > 7 GH24km, H#E
96km) 17> 7. ZTO#EHE, 5000m il kT A
Bonshozn, 800m& 1~ 1 )VECLED N
m kU7 &S L7z [FEkICHoumard et al. (1994)
13, REEEESET & MR 7 H M CRETHEREE 85% %
XTIV P UH%IC, 5km OEERAED A EL -
(=N > THi17575 168 2 £30.6%, 7—/XU 7
#1647 46 %) 8 £ 28.2%)). F 7=, Tonnessen et al. (2014)
1%, ERby TV OAh > b)) — 2 F—EF
BIUNA 720 VEFI4LZHHRIT L REHRSE
T, 6 MO ML —= > V& () 2100% & L
7=, 6-21ARFTIZ24 %84, 2-1MIRTIZ 29 % )8,
BRGET35% I DT —/NY > TRV, Ok
B, AFIWVERIC DN ML 2oL,
F—=NNU T b L —= 2 T B OB R
BEmHb I E2EHLTVWS. KEICBNTHHE]
I EITIERE421.8km/ A & LT T B L1511

DEAIINTIASEBBELPI0AT4% EDTMNTHD
MU, ZOHEBEORAN T —INU > T I %S

L, 5000m EFCETHI20 1A L, OBk
E OBBRMNBEICIE S O TR nh EHERIN 5.

8N BETT BRBEE I & 5 5000m AE Rl dk, &A1
FMAEEREO L2 R TN &, EfTHEEEND 5 4
ZVOVTAI34% 8N L 7=, —J, EFTHREER D O
2213 EB 5B VOVTAME R L7z, 7-83AM 0 KBk
ERL—=> 7 TVOATIZFIS% ML Guill -
IR, 1983), 40FAMD/INA 7 FL—Z2 T TIEAVTH
10% 3L 7= L3R5 ST /= (Denis et al., 1982).

DDA MED LS BRREBEN N —=2F T
b, ETHEEOMINY ZkEHL TH D Lot &
RGN A 50, EIHR OEfTIEEEE PR A BRI
HMTONEBERDLDDBOEEZLND. DEOZ &M
5, BT O ETIEEAE ¥ VO,VT % i s Ak 1
B E R - EHRINS.

ETIEREAD O 2 #13, HECL>TRL—22 7
TERPOHEAB O, FEHMED BBEHOHE N
AFETHEEID R 2> TLE> 720, #HBREDIZ
AT HA 0 © 122 U 0 1 T 5000 m A R 8% 23 37 b1l B
L, #HBEFIZIMKFITHMA WA, £z, #HaE
GIIRZIEATLHADBEN S RN N —22 T
EERELZ LEed>T, Fb—FEUT =%
Mol ERHEEEN, VO,16km &1 1160.7ml/kg/
min/» 5 % H47.5ml/kg/min & K ERKLEN RS
1, 5000mEFLERITB W THRTCESD 5 5%
AT O RIERmE B R S 7.

4-6 AMS 7-11 T TOETHEEOR(LB E &
Bl FEMEEEOLBOERBIIOVTIE, HEHH
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Patterns of motion when delivering forehand straight/cross-court clear, drop, and
smash shots from the backcourt in badminton

Yujiro Masu v

Abstract

This study compared the patterns of upper limb motion when delivering forehand (the hand holding the racket)
straight/cross-court clear, drop, and smash shots from the backcourt in badminton.

Seven male badminton players, belonging to a team that was third in the All Japan Intercollegiate Badminton
Championships, delivered these shots to record the pattern of motion in each case using MAC 3D System Cameras.

On comparison between straight and cross-court shots, the velocity of the wrist was significantly higher in the
latter in all cases (p<0.05). The shoulder horizontal flexion angle was also markedly greater in the latter in all cases
(p<0.05). On wrist motion trajectory analysis, the lateral (X-Z) plane at impact was shifted forward in the latter in all
cases. Similarly, the frontal (Y-Z) plane was displaced inwards in the latter, while it was displaced outwards in the former
from immediately before impact in all cases.

Based on the results, the velocity of the wrist may be higher at a greater shoulder horizontal flexion angle when
delivering cross-court compared with straight shots. Furthermore, during the phase immediately before impact, the
probabilities of straight and cross-court shots being delivered are high when the wrist moves out- (the distance from the
trunk increases) and inwards (it decreases), respectively.

Key words: badminton, smash, clear, drop
NRI>bNY, Axvia, 7U7, Ray 7/
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Fig. 3 The analysis phase of the hitting motion.
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Fig. 4 The definition of the kinematic model for
the calculation of shoulder angles.
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Fig. 5 Comparisons of change of velocity for wrist joint.
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Fig. 8 Comparisons of change of angles for elbow joint.
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DAL —bHRANOZ )Y, ROy, AXvia
DEERRIT DN THE L T2 (GHEA, 2017a).
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Fig. 9 Comparisons of wrist joint trajectory.
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Fig. 11 Comparisons of stick-pictures on top view.
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Quantifying movement patterns in female handball players using Inertial

Measurement Units

Shinnosuke Uematsu?, Yuki Iguchi v Shigeo Kusumoto 2 Yohei Shimokochi?,
Akira Oshiro® and Kenta Yokote®

Abstract

This study investigated the occurrence frequency of accelerations (Acc), decelerations (Dec), and changes of

directions (CoD) during the actual handball game and their frequency under high intensity events (HIE) circumstances,

using inertial measurement units (IMU).

Participants were female handball players in Japan. 10 players (Age: 24.7 & 2.3 years old, height: 167.0 = 8.1cm,
body weight: 65.2 + 6.1kg) belong to women’s division of Japan Handball League (upper group), 10 top-level university
players (Age: 20.6 = 0.8 years old, height: 165.1 + 5.9cm, body weight: 61.0 &+ 5.6kg) from the division 1 of Japanese
university handball league (middle group), and 8 university players (age: 20.0 + 0.8 years old, height: 157.9 + 5.8cm,

body weight: 54.3 + 5.5kg) from a team belong to division 2 of the league (lower group).

As a result, the upper group displayed the highest occurrence frequency in all items, the middle group was second

highest, and lower group was the lowest. The result indicates that in competition sites, it is important to implement

specializing training based on the understanding of the characteristics of handball as a sport and on the scientific

knowledge that we could acquire from the actual games.

Key words: Female, Handball, Inertial measurement units
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W, fEICY 27 I 7IVTNA ZADBFENHEATE
ZET, HABAR=VIZBWTEBORAGFMNS,
BT ER SN DR TR, KB B sE) &
A, TSI ENFREE RS . BIfE, /N
GPSTNAZAZELHETHINSDT/NA AITIIE
%+t >¥ (LU Inertial measurement units : [IMU])
NN ENTHO, BEEHCBIHAE— oL, #
BENSEONIMEBHROARST, IECREE,
AR DB E, FiHh O 728 & 2 8l T =
52 EITEST, KDIREHGANLBETTE S EHRZ
"HIENTES. Ez, MUREENSDEEZEL
BE LW, BNSEHICBWTHHEHIATRETH
5. TDRED, TTIZELDF—LAR—YTIL, IMU
EHWERABERE M TONTH YD, TUIEN DN
R —)VRZEIZB W T HHI7ETIE72Wy (Jones et al.,
2015; Montgomery et al., 2010; Luteberget and Spencer.,
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B L NV TR 217 5 723 A 7z 5 /e,
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1-1. XRE

RO EEL, BNy 7Y =T DHAERLZ TN
CRA=IY = TICHET B EEMTF— L DETF10
% (FFfin: 24.7 £235%, HE 1 167.0£81cm, K& :
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U—2 1EBICATE T 5 R%E Ny T L XV DOREAEETF
1044 (4Ffin 0 20.6 £ 0.87%, &K 1165.1+£59cm, ff
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2B 2 Acc BEICBWWTIE, LATEEAY 2.29 + 0.47 [5]
S, HRALEEAN1.89 + 0.59(0 4y, NALEEAY 1.24 +
073 /3 Tho7z. F£/z, KM2ITHFITHIT S Acc
DOHIE, B5NIERREDMEZERLEZ. Acc DHIEIZ
BWTIE, EAZEEAY 0.91 +0.24[8 %, HALEEAT0.80
+0.34[0], %, FALEEAY0.51+ 0510, 53 THo /.
RAHICBT D AccHEICBNWTIE, LIRS R
BEEOMICHBEENRD 5N (p<0.01). F7z, Acc
DOHIEIZB W TIE, HHHICAREZERRY SN
Mmooz,
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2. HEHPICHF B Dec DIEE

BIZHEHEOMETITHBIT S Dec HE D EH &
O ZE, 725 NICEMRFEOMEE/ R L. ah
BT D DecHEICHBWTIE, EATEEAS 1.91 +0.40
|4y, WALEEAT1.50 +0.55 [|] /4y, FALEEAT0.97 +
02008 /5 THo7z. T/, K4ITEEITHBIT S Dec
DHIE, 755 NIEMREDMEZR L. Dec DHIE
IZBWTIE, EAIEEAT0.72 + 0.14 18] 43, AL EEAY0.55
+ 029084, FALEEAS0.25 £0.14[0] /3 CTH o 7=.

HATIZBIT % Dec#HEB L N Dec DHIEIZHBWT
13, BAIEEE FACEE (p<0.01), HALREE FALRE (p<
0.05) ORICHBEAENRD SN,

3. HAHDICHIF S CoD DIEE

S5ICE RO ATITBIT S CoD HEDFEHEB KL
R RZE, o NCERMREDMEERL . daH
2B % CoDHEICBNWTIE, EATEEAT17.52 + 3.44
|5y, HALEEAS8.82 +2.70 (8] /4y, FALEEAI7.03 +
2148/ 5 TH-o7z. E£, K6ITERICTHBITSCoD
DOHIE, 725 NCEMREDMZ/R L. CoD ®HIE

5 |
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—t—
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LfrE g THzEE
*p<0.05, **p<0.01

3 HHED Dec HE O FIIE S K UFRHE(R 7%
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Lt Los ] TzE
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£ 3
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0
3 20 } é
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s § 0
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3w % 8 0
| 9 1§
0
0
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5  HHED CoD SE DIl B K UFRHE(R 7

IZBWTI, EACEEDY2.58 +0.49 0] 43, HA7EEAT2.13
+0.80[m], 4, FALEEAY0.98 +0.45[0, 53 THo /-,
METICHBIT 2 CoDBEEICHVWTIE, EAfEEF
frEE (p<0.01), EA7EEE FAIEE (p<0.01) ORICHE
EZNRO 5N £, CODOHIEIZBWTIE, L
RLBEE TALEE (p<0.01), HAZEEE FAZEE ($<0.01) O
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FFED CoD D HIE IZ BV % - HfE B &K O (R 22
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@ O
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O OO

j202:3 Lalve TE
**p<0.01

7 HEED Acc, Dec, CoD 4 C DHEE D

S il B K OREE (R =
Hox
ok
O
O
@]
It
8 o
o) O
@]
Q S
g I Loz ‘ TR
**p<0.01

8 &BED Acc, Dec, CoD £ TOHIE IZB1T5
SEED K ONE R 2=

FICHEZENED 5Tz,

4. HERICHIT S Acc, Dec, CoDLTD HIRSERE

TICEBOREHITHBIF 5 Ace, Dec, CoDETD
B O E B K OEER 2, 725 &R RHE
DEiZR LUz AP S Ace, Dec, CoDETD
M EICB W TIE, BA#E2121.71 £3.72[0] 47,
WALEEAY12.21 £3.510E] 4y, FALEEAY9.24 +2.26 ]
ST hHolz 2, MSIIKEHOMKETITBITS
Acc, Dec, CODETOHIE, 725 NZENEE OHE %
RU7=. Acc, Dec, CODETOHIEIZHBNWTIE, LA
HEAY4.20 = 0.67 1,7y, WALEEAY3.48 £ 1.311H 77,
FALEEAY1.75 + 0.88 [0/ Td o 7=.
SHATITBIT S Ace, Dec, CoD &2 TOHEHEICH
WTIE, BACEEEHATEE (p<0.01), Ar#EEE AR
(p<0.01) OMICHEREENED SN £z, Acc,
Dec, CoODETOHIEIZRWTIE, EAr#EE FALEE (0
<0.01), HALEEE FALEE (p<0.01) ORICHEEMNE
O 5N,

V. & 2

AWFFEIE, ERNL TN RR—IETRZ2MLREL
T, D7 77N TNA RACHEKE SN TWSIMU %
AL, EROREGHITHETSHRLIT OV TERL
BT BAOMETH 5. N> RR—)VETIIHEE
FIZEEL, BB 2 7 > b, Hrini, Pv >
7, T xA > NEER E %605 Wi D IRT
ZENERENS (Rannou et al., 2001). IMU & W
HZEITELT, Yy h—T7y s, NAT vk
R—=Vla EEFERIT, N2 RE=IZBNTSH, EE
DR AHIGETN T TWD ING DA &S 25
LT 5 Z EMAlREE 7o /.

ARWFFEDFERD S, FATHIEIZHB W TT > 72 Yo-Yo
IRIBEP40m STOWTNOFERS, EALHEE AL
BEEORICIZERZR S NRMho 2. 21T, RED
WRFS 2 DA L TOFRIGEBRE 725 TITA T
U2 RNENITIE, ENRBh-EIEEEKRLTNS.,
LnL, IMUZHWTEBORG» 5G5S NLHE
T—HELETSE, TRTOEBIZBWT, kI
B, POCEE, R OIEICHEENZ WEMZ R S H
2o N2 RR=I)IVOFHEPICBIT2E8EL, £< Dk
AR —Y Lk, B— AR\ DERNZEE DB
57, ZLHMNDERL BREENREMEL TWD Z &Mk
M TH D, HPIEFEN 1999 1F, N> RR—)IVET
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BRBITT =)V RTZX Mo kR, BEREY 1
IIEHEKIEEIC K2 2N A S Nah - 23, s
Y A MIHHKEDE VET O SN EN > = 2 &
M5, EHEBREEMTN > RAR—)V BT OHHKE
EEATAHHERNO—-DTHDHIEERBL TND., F
7o, BERICERL, BETITSRD 5N 5 G iR E S
K47z HIELL, BF2ETF (Pévoas et al., 2014 ; michalsik
et al.,, 2015b) + Z 73EF (Manchado et al., 2013, p.386-
387; michalsik et al., 2015a) & HICEELEZTH D
ZEMEODN TS, AFRITBWTHEL ZidEH
DOHIEIZBWTSH, BEHLXINVOEWEEDED, X
DHIENZWE WD FERZG/Z. BT & AR
ETIE, AWAMESEBLXCEAN RS20, H
BEAICHIEIC DWW T OB 2175 2 L3 TER
WHDD, AR TRHSNAERIT, INETORET
MEDOHERE LT HHDTHDEERD.
ZDEII, IMUZHWTESNEZT—% &k
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HoTH, EBEORKAEZIMUICE> T LT —
& DFERIZIEIZD Z LS, BEL NIV DOEWEED S
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N+ RETE TS AREE N H 2 L fERT 5.
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57D OEE, HTFELORITEIEDOH TRAZRD
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TR EHRT S, £z, BRTOBHESITELT, N
> RR—)V SRS D Z Ny 1 — D ITIIGE T,
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BMND T ENRBEIN TS (Hirose et al., 2015).
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The case study on the process of improved performance by a top high jumper

Naoto Tobe”, Ryohei Hayashi?, Yasushi Kariyama®

). Kiyonobu Kigoshi® and Mitsugi Ogata®

Abstract

This study aimed to present the practical knowledge and investigate effective techniques to improve performance in

the high jump. The subject was a male Japanese top class high jumper whose personal record was 2 m31. Progress in

high jump performance was shown by an increase from 2 m22 in 2012 to 2 m31 in 2014, and kinematics data were

collected at competitions to assess the factors involved in achieving best record. The results were as follows.

1. The subject focused on high jump technique training during periods between competitions, and on improvement in

strength training at without competition periods. Considering effects of training, this training protocol was logical.

2. The subject changed from single-arm action at takeoff to double-arm action and improved its techniques during this

study. This change improved high jump performance by increasing force on takeoff.

3. The results of this study suggested different from general theory which is provided by previous study. It means that

there is possibility to discover new theory by investigating individual case.

These results suggest the hints to improve high jump performance and indicating the importance of individual

longitudinal investigation.

Key words: Practical knowledge, Account, Kinematics
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I. #

b B oERERkIT ENZTEWN -2 A S
ZENTELNEFHOHEHTHD, MoOBREREE &t
LT, BECBOWTHRERH ZENREBRRET
H5. BFIIOMREZFIHT S I LT, BUHEH
FITIZ BN TR O RH7Z10 Tida <, BNz
BiRE T D FENEBEICBEKEL TREELEZ
KTFEEZZENAEE/ES> TS (Ae et al., 1986 ;
Dapena, 2000 ; BE[ - 32, 1978). — 45T, HHRBIE
DI EREDPA T4 RE, BFOBEIVS
Tk 2 IRBERICE > TEL L, FRITih U TR
SRS )R E BT SEEICITEFRICBIT A K
ERFTOEDENHFEHET DI ENRETNTNS (]

(]

1L, 1996a ; B{T.5, 2008 ; Isoleto et al., 2007 ; J3,
2012). F£7z, ZOIEXSDOEFILEFO/MANIZBNT

HFRESCER N ER OB EICI>TELDHDT
HBEEASN, WEROMATITON TEEAMD
% LR 5 2 S Ik o TH B 2 A
20 FAATIIR R FEAET 2 Al GRS I T
% (530 - <TH, 2012). PEoZ &5, EmBcs
VI DA E IR OB O 72 D IV fE AN T O B
DOREBIY FLsRat &3k, ML —Z 2 VT REEH &2
IRTHIENEETHDHEEASLND.

FeE ORI & KEH 2R T 2 -0 OFKIL, i
i, TOEREENEALICHINTBD G, 2014 ;
J]A, 2011 ; ¥, 2012), EREOFAEERGDOFUZE
MEOFVDELTHEILTOENDIEEZTDEFREL
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(&rH, 2014), FHIWFIEI BN CIIEEM 28D
HEEDELTIRT DI ENEETHD. EBEIZZ
NETOAR=YINT =< > AR E L IERI
TWIZBWTH (BB, 2016 /hAE S, 20165 X T,
2013a), FIREIERS L 2 R %t ORERICEL
T BOEL TIRRIN TS, LhL, ZNET
3R BIRE U RBERAN L <, BEEDSHA
DERERD, NT 3= AZEDDZDDOHE DM
BBV Bl 4 OB ORIRIEFEIR EITDNT,
NI 5 R0l U 7228130 TAHR W, F5EH O
I—F > JICEAT2REMORALICHRRDDTH S
D, ARV OBBIZBNT, NTH+—X2AD
LEEZHWEUTTEIL, HEB 2 XTI 2 BREIL
BEETHS. 20OIC, BiEFOHLD S ONE
WIZko>T, NT74+—< > A0MEEHKE LD
HADMIRITB T 2 BECTHOLLEHSNTT S
ZEIBERICEETHA EEZALNS. I HIT, FHf
WFZE CIRNAEDHLR 2 FHIDRRITKD 5, A%
WA TR A A2 BRR T 5 2 Atk s TH
0 (KT, 2013b), Z DERDZDOITIIEE DR
INFT—HF a2 EITHRERT I ENBEITRD &
EZoNns.
TITARIETIE, HR Ny TNV DEnEiE T
AL, W7 ad—-F 27 aET D 1 ADERBkE
FhoiekEm LI EMICERL, ZOMD 148
MAIEDRICE > T, im EBRIcBT 585
FOWMOMAZHSNIT B EHIT, TEMNT—FIT
Ko T, FoEkm BT R T ER 3 K Ol 2
KOZALEWALENIT B I ET, NT+—< 2 RAHE
Dl DEEMERRT S I EZHME L.

0. 75 &

1. ERBSLUNRE
FREBIOHEEL, B EHEBIUOEROM
BEENI0F OB FEBEF TH S, ZOZEFIIH
FNE—RET, ETOFRAITITY —ITBT 2 2H
RKETEBRBODD Ny TEFTHo 2. 3B,
2014 FFICREER L2 H XA b 2m311E H ARE 3 4L
04FEDOMR T > F > T 12MLICHY T 28 TH o
7. iz, MBEEDHETZF—LICE, aA—F07
AL NOA—FEBD ETHIRERLY v TR AN
72, L= T OFtEB L OHEE, FEHS T
19, WIVT7A—F 2TV 2EMLTOWLHEETH-
fe. BRIVTA—F D TIIRFEAEEFRFCHBEL, &

WL DRI DHLIAE T d 2 20124E1FF D 3EHT
Hotz. I=iZL, FiEF—L0I—Fn5I1E, HI
BIFBI—F TR —Z ZICET HH#%ES, A
W3EFRRE EHEIMEVWHDOD ML —Z 2 Z 2B S
fREREDI—F > T &ZIF T\

2. YREAR

FHSHRNE, 20120 — X > ik z EmR L 72
2012 9H10H” 5, HO&mm Lk D 2m31 2 jZE ik
L7204 5H1IIHETE L.

3. BRIREENICEAT HEH

1) bL—=r /B

H 2 RIEEICRER T 57201, FHHIRIMTH
520129 AM 52044 E5HETO N L —Z2F H
WONAZBIPHA L. Zho0TF—yOEfHEEE
ZUVEETERT D201, ML —Z 27 HH#EORAEN
TEBRICEEINTOURNNIZDNT, I—F 2R
L7z 2B, RFFRICBWTIIHRENEML /= b
L—=F%, AU MM —=Z227, UxA KK
V==, TI9A4FA NI NL—=220, T0
Zw I RNL—=Z 2T D4 DITKAIL .

2) RESXVOO bO—ILT X FOFEEREHA
ZREDZALIZ BT B IR #1 %1 Inbody770 (Inbody £k
#) ZHWTEHAILZ. £/, a2 hO—J)LTZ N
BT 230mMEES A L1F, 30m O HnE K & 3
7230mEDL A L%EJEEE (Brower Timing thH) %
FAWTEHAIL, MmEBkOBKEERB X 6 mHEEY )N
> RY % > 7 OR]-index (BkiEm /HEHIRR @ K15,
1993) 13, YNV F P v TTAY (T4 711 Ftk
) ZHWTEHEIL 7=, &5, Yz L —Z
JHEBIZBIZ 71U —=2103, NTRDTarhbE
MLF vy FTEELETETCRTELER, XV Ty b
IR E FRRO 72T AAHRTIOEIC/R D LB ET
N=N)V & T, TOBRIMETHLETELEREL
T2 3B, MEENFEBL-3> bOo—)LT A M,
R bitk OBk H &= HM &9 5 EF AR ER &
T B 72D EIICHWS N TS HEEHTH > 7=
(FRED, 1993 5 KF, 2013 5 XF - mifs, 1996).

3) NAA AN U AMEMEDHR
O =

AT TIE, WNRFEN20124E > — X > i 2 icdk
U 7255 81 [Al H A AR L E M iGEFHER S (Bt
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1), BRUEDRITH MLk Z BN L 725592 [H
BISR 2 E A RE R HO BT RS (B 2), 582
B H A A A R R BORFHER S (it 3), &1
d—d—=)v 7> 75> TR L2014 KK (Fitie 4)
EMEHERLLT, BERICBIEENNT+—<
SRRk UL OBIEE T L. SR OB
H3B X ReEII LA NITR U 2.

i1 20124F9H10H, 2m22 (S —X > sk
B2 1 20134E5H18H, 2m25 (H ik icék)
B3 1 2013494 8 H, 2m28 (H iR
Fiia4 1 20144E5H11H, 2m31 (H ks cék)
@n M hEB L UOEHIEA

2HBDNA AE—KHAF (EXLIM-EX-F1, CASIO
a2V, BR300, %R 1/1000 TH 5
BB ame Lz, £z, DLTiEICLD 3
RICEEZEHT 5729, dEaicFy) 7L—2 3
SRV EN TR Lz, B SN2 VTR BG5S,
FEOEE O 10 a< i S BB 10 Y% ETOH
RGP HT 8% E T A Bi{EMENT o 2 5 4 (FrameDias IV,
TATA LA FHE) ZHOWTEHERSR23 8% T
ZA XUz FIEERERE, Hif & T ThDN—&
TEE D 0% X, M &S T TH DN — EFAT
Dz Yl ShE#EZEZEETOAFREREES L.
B AR HT 15D 3 RICEREIS Wells and Winter (1980) O
JiiEE W TH TR SICEN A a2 REL (X -

7.5~10.5Hz, Y#i : 6.0~10.5Hz, Z#fi : 7.5~10.5Hz),
MHTNDBNARDONY =T —ZAF 5 )T 1 )b
7 —ZAWTHERE U SFRIE U 72 BT s D
@ — %G, B (1996b) O HIRERMEM: RS E A
WT, BRErBLT2EOHEL (FEAEL) 25T
U7z, $7z, SRECEEWE 2R U, 8k R
FROXHhRL S E YWD 2GR T % 2 & THIKRELE
EEEHLZ 351, BERELEEXRY BLOKF
R 5z Y, AKSETHADY BN E AT % il 2 X i,
CNCZMzMA-BEEERZERL, HERELL
PR O BB R L ERSATLR ZYZEEB XD
XZWEHEAEE L, ZOMRSMNYZVHE L TZihE 7
AT S IRREA, XZVm ETZEE /89 Az ik
WEAELUTHEELE. £, AT TIIIRABED
AR EEHT 52012, ERETHSHAKE TN
MM S N7 VX", Z8hE X oS EE Y,
INIZZEhE MA - BEERZERZ L. 51T,
PA AR s & R BTG & S A28 S & Y Z T
EABEL, Z@MERTARRAAEEL, I5ITE
AAEERMDT DI ETaAEEZRH L.
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1. HREBEICEFBNT+—<T 2 ADZE(L
£ LIS EISRIC B THE L -2 a

K1 WRHIEICB T RHE %
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Apractical study regarding proposed gymnastics using elastic ropes:
focusing on psychological modification and exercise intensity

Satoshi Motoya”, Yasuhiko Takahashi®, Mizuki Kojima® and Aya Horiguchi®

Abstract

The purpose of this study is to explore the possibilities of exercises using elastic ropes by proposing an exercise
program and set of gymnastics utilizing the characteristics of elastic ropes and verifying the effects of these exercises.
146 university students were the subjects of the study, and the items of the study were examination of the exercise
program using the visual analog scale, psychological modification before and after the gymnastics using the two-
dimensional mood scale, and the subjective and objective exercise intensity during the gymnastics. As a result: (1) The
overall average values on the visual analog scale for all subjects of the study were 78.6 + 21.4% for attainment, 75.5 +
20.2% for interest, and 29.1 £ 26.2% for danger. In particular, high values were displayed for interest, similarly to the
study using elementary school students as the subjects. (2) Through research using the two-dimensional mood scale, a
significant difference (p<.001) was confirmed in all items of the study before and after the gymnastics for all subjects of
the study, for which vitality, pleasure, and arousal increased, while stability decreased. (3) For exercise intensity during
the gymnastics, the rating of perceived exertion was 8.9 = 1.6, and the average heart rate, which served as the
subjective index for gymnastic intensity, was 102.1 & 11.4 bpm, resulting in similarly low values for both. As described
above, it was found that the proposed gymnastics can be performed by university students with interest, and a positive
effect of psychological improvement can be obtained, even though the exercise intensity values were low.

Key words: elastic ropes, proposed gymnastics, visual analog scale, two-dimensional mood scale,
rating of perceived exertion, heart rate
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iz 0% [2<Z2-Bbin], Aiiz100% [&T
HZTOES] EUTHEH  LIF, VASiE &) Tl
EHLE.

(2) FERERTEICBIT H0HEE

R FENERTEE (Pre-Post) I2HB1F 2L HIREE D £ 1L
IZDWT, J]AS (2009) MBAFEL 2 ZRmgm RE
(Two-dimensional Mood Scale ; LA, TDMS & &iik)
ZALUTHRELZ. CORER, #HEdREOKRS
XY 8HHEIZ 6 tHETHEIE 2K, PsE/sBLEREE
TR SIEMEE EER RN R T REE (2 /T
4HHE), BRUZOEMERTHDMREE (R— A
) EREE (HE -k O 4EO.OHHREE 2
ETHHDTH .

(3) St DFEE TR

REL &S 07 T L7 5 TR OGEB) 3R
ZRRETT S 720, RESE R O FBINR S KICEEIRY
HEEEREICDWTHE L. EBIRNED)HE OREIC
(3, Borg (1982) @ E®W AT IY —+ X7 —)b
(rating of perceived exertion ; LA, RPE &adiR) %
L, REEEEE Post) ICHEZTo 7. —7,
KEIRGET R E O EITIE, BREHE (oL R0
DEET (Polartt, RS400) ZfFH L, si&kMHIkRIE 17
THIE LUz £, REBEFERATIE 70 R E fEES) O
BTG ZEE L, 5 0 OMMEAEE T DL FHINEE
ERTCOLMAEZZESI . ZORIREIZB T 5H
A% 40N S 50 HETO 1 M OFEE LA E LR
flHE0 (HRrest) & UL CTRHIL .

2B, HEETREICET 2 ATEHE OARTETSR
HENH114 (BIE64 5 22.0 £ 1.35% LS54 ;206
+0.95%) I L CHEMLZ. ZO1ADHFHENS
Tt Uz, REBEHICHEL TWhws I en
5, MLRTFEEGEHLUZER 075 AIENTS
0, RELLES O/ I LMK, #EMYNTEMET
ZLAREENE VW E B L /e/2dTH o /.

3. 9AE

Tt AT > 7K ITEE 9 5 VAS ik &2 F Wiz 2k
725 N M O A Cld, HMEHEB GERE -
BLIRIE - fERRE) OFERICONT, ERENLRERS
DI OBICB W THMES 217>/ £,
TDMSIZ L 5. 0DHAERDORETIE, EHENSHERRS
IR D EENIT BT 2 IR FE w4 O & A& H H
(EVERE - e - PO - WIEE) ZHhid 5729,
KR D B B ¢ BE & F i L 7z.

2B, HaHEHTY 7 RIZIBM SPSS Statistics /N —

T3 224 (HAEIBMA#) Z2HW, BE/AKUEL S5 %Ki
LT

4. HEMEE

MO T T ADORER S KT —F OINEICEE L
T, FAEMEZETHLT, RO, HiEeT S
AN —DREERTT2EEHHAL, EMICTHE
iz, Eiz, AR K AERERHEREEE
DI K DBERS CITHEGR (K28-136) &2V hEL
7=.

m # R

1. EB7OYS ARE

%213, RELAKBICETSVASHEZ W E
PR - BLBREE - fEBREORERICDONT, i
SEBLSCIIHRHTELEDEZHDTHS.
EHFENRFITBIT 2 2T OFEIEEITDONT,
AR 78.6 £21.4%, BLUREIX75.5 +£20.2%, fabk
J£1329.1£262% Th o7z, KRIZ, EHFHMICHBITS
ERETE OSFEMEN RS @S EE T 0T T LT
DNT, EREIZES 7O/ S5 LD @ T80+
13.6%, BUIRE S fEREILER 707 5 L0 TENE
N825+18.0% & 43.1+279% ThHo 7= WiT, %M
BIEH O ED R HAE0 > EE T 07 5 LITDON
T, EREIESH 0S5 L6)T66.6 +26.1%, HELk
ELEBREITES 075 LOTENETNES6 L
23.9% & 122+ 17.9% CTH > I~

BT, HRIRETHD &, 2L OEMRET B
M77.8+21.8%, ZIEAT80.5+20.4%, BLRREEIT S 1%
M74.6+20.6%, LVEAT75+19.4%, fEBRETHME
7329.2 +25.8%, LriEA128.9+27.1% Tdh v, MEHIHEE
TRERAERIMRTE RN/ KIZ, B0
B2 EMEHEE OFEHEEN RS @ - I2EE) 0 S
FTLTDONWT, EREIZBIEE LS BIHES 0
LD @T, BHEAGIE13.9%, LIEA87.2+
13.1%, BIREIIBIEEZMEEBITHEB 70T T L6
T, BMEN812+17.8%, ZMEAH85.5+18.3%, fElR
BB MEIGES T 07 5 LB TA44.7£26.8%, LM
075 L6 T415+28.6% CThoiz. WiZ, I
Sr R I BV 2 B A E OSEEE A R H KD S 72 iE
707 I LIDNWT, EREZBEE L HICE
7075 L0T, BMEA67.9+250%, ZMAH63.6
+28.4%, BREIZBMEE LML D ITER T OT T L
DT, BIEA66.8+24.7%, ZPEAT2.6+21.7%, f&
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K2 HABLKREDVASTEIZ L 2K - #5553t
AR GE el
Bk Pk
n =146 n=101 n=45
M SD M SD M SD
S R 78.6 21.4 77.8 21.8 80.5 20.4
% Bk 75.5 20.2 74.6 20.6 775 19.4
il fEpR iz 29.1 26.2 20.2 25.8 28.9 27.1
EE 05 EERRE 88.0 13.6 88.3 13.9 87.2 13.1
= 5.®7 BkE 738 20.2 73.1 212 75.3 18.1
s 17.2 19.6 17.4 20.3 16.8 18.3
. R 82.5 15.7 81.5 16.6 84.9 135
§§7%77A HALILR 76.3 18.5 74.6 19.4 80.1 15.9
bR 28.6 22.9 28.6 22.5 28.6 23.9
. o FERLE 79.1 18.8 78.3 19.2 81.1 18.1
. ﬁﬁj577b Bk 73.7 17.7 73.1 183 75.2 16.2
2} e 34.9 25.6 34.3 25.2 36.3 26.8
af L 81.6 19.6 80.3 20.0 84.5 185
i ;S =
@ﬁ7577A Bl 82.5 18.0 81.2 17.8 85.5 18.3
bR B 43.1 27.9 44.7 26.8 39.3 30.2
o FERRE 66.6 26.1 67.9 25.0 63.6 28.4
§%7%77A BHLIR 78.1 20.0 78.9 185 76.6 23.1
fEbR 38.8 26.7 375 25.8 415 28.6
. o FERLE 74.0 25.2 70.5 27.1 81.7 18.3
@ﬁ75775 BIRE  68.6 23.9 66.8 24.7 72.6 21.7
fE bR B 12.2 17.9 12.8 18.1 11.0 17.5
HAL %, M VMl SD ; FEvefm
XR3 REBEMRTRICBIT D TDMS O A 5
AR G TR
HE ik
n =146 n=101 n =45
M SD M SD M SD
Y Pre 0.2 3.6 s -0.1 3.4 s 0.9 3.9 s
Post 5.3 3.1 5.2 3.0 5.4 3.2
— Pre 4.0 3.8 s 3.6 4.0 By 5.2 3.0 B}
= Post 2.9 2.6 2.5 2.5 3.8 2.7
Pre 4.3 6.0 35 6.1 6.1 5.3
PRIl bt 8.2 44 7.7 43 9.2 45
Pre -3.8 4.3 -3.7 4.3 -4.2 4.4
MR post 36 36 27 35 16 39
M SE¥fE, SD ; BEMERZE, * 5 p<.05, *F*; p<.001

BRIEZEAMEE LML B ITHES) T 07 5 L@ THMEN
128 +£18.1%, LMA1L0£175%THo>/k. Ino
DFERING, EREDR S @EN > IEH 707 5 LI
BOWTHENHTERSHRE SN HOD, TOMIZD
WTIE AN E LD ST B W TRMRENRE & Mk
DRERDBD ST

2. RERIEICBITZLEER

%313, EKEBEMATEIC BT S TDMS O F A S 5
EELEDEDBOTH . KREEMATHE THEL 28
F, 2RENSRBEOTRTCOFEHHITBWTERR
ZEDMERR I N, TEVEEE, POEER S CICRBEN LA
Lie—H/T, ZEEIKTF UL QEVEE - ZEE - R
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W - R, p<.001). Xz, BHEELEOEHT
ATHEFENRE LFAEOFEGAEDPHRSN, 1§
PERE, PREETR S NCEBEN LR LU E—HT, #E
RN L 7.

3. RIEFOESHERE
1) EEBMNESRE

Borg (1982) ®RPE Z i L CTilR&E L /558, 89+
1.6 Th-o7z (F4).
2) REMEEEE

2 3RS O S LRI B B IR 2 E
Z, ®5FFIZ Y MBI SN MK ERLED

O—F 798 H3185E 2 5, 253~262. FRR304E 3 H

DTH5. 11 % DOPERNFE BT S gL OF
08031021 £11.4bpm T, &K1 = b TIHET)
7075 A®OOERK A 1158+ 17.7bpm THH &6
EWNMEZERSR L7z, £z, FRINELEAD &, R
Bt S 707 F 2O TLaE R EL< |k
FL, TD#IZ100 — 120 bpm D HIPH TLE L THR
L7z

728, 11AOREMNRE BT 2 LEH DA DEE
fE1358.8+59bpm Th o7z ((K6). TD®, ilZE
U 7 AR BT K D =i 3 2 28k ((E
fiii D S 20 3 %k X 100, % #RD 3 D) — 100) 13
73.6% TdH o7~

x4 FEEPGEBHRE O P AR RE5 K=y MBI BEELHE
A R RPE . R A% (bpm)
: No. EE 0TI L% M SD
1 HES 77.2 12.9
2 o
5 2 it An B/ A NGD) 86.1 11.7
3 BES 97.6 11.6
4 4 EHTOY5L® 1001 114
5 13 5 HES 102.9 125
6 9 6 EH 7075 L0 102.6 13.0
7 10 7 HES 105.8 10.1
8 7 8 T 075 L@ 105.9 11.6
9 8 9 hES 106.9 11.2
10 3 10 EE 07 S5 LG 107.5 13.0
11 HES 113.5 18.6
11 8 X
12 et A B/ A WNG) 115.8 17.7
M +SD 89+16 GES
13-14 EHT0 758D 110.1 15.7
Sl 102.1 114
(n=11)
160
140
120
g
o
£100 -
o'
:I: 80 -
60
n=1
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K6 LTI OMIE RS H
HRrest (bpm)

A SR E " D
1 60.2 0.9
2 53.2 6.0
3 60.3 4.6
4 60.1 2.2
5 60.2 3.6
6 64.3 2.9
7 68.4 3.3
8 53.6 0.6
9 58.8 1.5
10 51.6 5.9
11 56.3 3.2

¥ E 58.8 5.9
V. & &

1. EB7055 LRE

VASTEIZ & % 3THH OHFERER LD, 2R OE
R L EIRENEBIC8HIT THo T &S, Al
BHRETAR LR E T E A EERTERZ R
2, O — 2GR L ER T 0S5 AR LA
MOEML CTWZ ENMEETE. £, HERIEET
A TCHRERAZRIIHR TSN ZOFERHE
ELT, D) FREBEHETICGES YO/ 5L00 - @ - ®
DEIBINT > R BT HHRITIE, o — 73
D7 0MEANTEDTEH LI > TREADFEREIN, £
DORZERBE FCBWGES 70 5 AZ2EET 5
ZEMmkHeEnsaZl, 2 I TIHiEO— 7%
WHLUZER 07 I LR L &z, HE
DHFENIIAENTHH LI ZK LD ERENERS
Nz, INLO/RITONT, EFFOr7 5 Lz2ERT
SEICHENSFERINDALE S CAENZEEZ O
RSN OBELRE 2 5D % & < D) OIS Tl
HINTWD (B, 1990 5 Fil, 2002 ; K& 5,
2006 ; W 5, 2010). T D=0, AW T H 6O
AT DO — T OREIC K o T, KO ARLERBREE
TIBWTHIEMIILZONT O RAEREFLIZDT S
T ENRD SN T EMATIE N GE DBLIRIE % &
REROUDEDTHD LRI N, 51T, INEE
ERGE L0 — T EEH U EER T 07 T AR
REBOWIZE (AR5, 2016b) IZBNWTH, EfEHIIH
FHENWHIBRENRESINTND I NG, INEED
RFEDIN DR FICBNTHIEL AN S EHETE
2 AREMEHER I Nz,

B3 wEMEOBEE (LK f#EOH, G &S

— 5T, EFHENRE B D2 OEBRED
3EFT, FICHES 0T T LONMMOER) 0TS
LXKV EE U31£279%) THoI &M, Th
ST 2L ERMEOMEEINRES N/, BARRIC
W A E O — TR 5 E TR I O —
FMST ORI THFIBWEILSYZoTLES &
BRENTFHEIND /=D, K3 ITRTEDITHEO—7
DIfICAENHZES 720, FIEEMITLO LIS
FEhid 2 REMNENEZ 5N

BRI, AR THEL ATy R EH
AL THR L. 200, EZagilicBnw iR U
Iy hEBEORLUTEBLEZD, ENTEZ5HK
ENAERBRNLDICT 572012y b DJESE & A
AP0TBE, HICTHAETRTZZENEST
H5. DFD, AR KEIIETHO RS ERE O
I - SEBRE TN U TR TRETH 2 2 &h
5, MEHICERTE KRB0V EDEL TOREEME
MHRIN-. £, MoOES 707 T L&D Bk
MEBETH->dbOD, EHTOT T LAODELSITN
T AERFELBRNS R —XT 28I, fffin— 7%
HFTS- BT 280 2 B HIGBRITE 570 E, FEhad
HHICHHEZBERNITLZDTLILEDTES. 20O
FER, BEADRLIDTDOBABIESNEETE/E
ZIHONIEREREERBTLILEE-T, FK
HI DRk 7RG B 2 (2 9 rTREME DHER I Nz,

2. REFIRICBITILEER
REBERAIRICBIT SEREEA D &, SENR
BRSO BT X TITBWTHER LRI
RENfz. DFD, AELKBZERLZI LI
o T, RFABENREZIIOAFAIFLTUENND D
DIRREIC IS 2 T &R E Nz, —H, BREEE D
&, ARRBIKTPHRINZZENS, KEEEER
IO > 720 EEBFE W IRIED & B3R U 7= LI EE
IRzl ERENT.

KIZ, REBEEMATZICBIT S 25 O TDMS Off
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REZRILT 77 RIiCh D EEEOEE (EEE - )
HE) ERETOY RLEBOAM4LTHS. T0D
R, 2FERSF BN, ’KAS (2009) HRT
PEELTU Y] S NEBMICELZTY 7] AL
REDBITT 2EASHRI N £z, WO
BN THELDHANFEETH> /2. ZORI T+
Tin DR SES RIT, AR & R UREAE 2 R
REHELL, GR—IVEIEALZET T O 5 LOE
ICR 2D R E R LR TS, 2013) T
HRAIZEDMHEHFADSHEINTND. ZOGHR—)UIER
IZBAfRA < RiEH OB < EAkE B & H L7 6 Zhk7s
EHEGEDDIENTELHEDVDEDENDNTY
% (KR 5, 2000 ; G5, 2001 ; #iH 5, 2010). %
7z, GIR—)EE NP & W o - BRI Z R
LTWbZENS, Ei#HIZGR—)L ETO L 8L
BIZBIDINT D ARNT > RETHH, RAiREAIC
RNNAEL 20, KOARRERRE NICBWTES
TS AEEBTHIENRDEND. ZDXD
12, AEFETHD BT Mo — 713, GR—IL &
MUEE T 07T LaET SBICEL 2RMEICS
WTHBRNZ NI NS, EEHEITE > TR
AE LD HR I N, 272, REL Ik
BENEHEEZRMT 5720, () XY TOE
e, ) Mo —7E2ER LAY O )VisiES) O
7L, 3 FEOMHENSZ A, % F] o5
FEEHL TSN THBD, AHAERBRIIINSD
BEWRERITX %&#k%<%%b1méamz

5. TDD, RAFRICBNWTIEIEERICBITLEE
BREONWTIREIN TWARWED, SH%I5R5
M2 A 2 EBENE Z STz,

3. EieP0ESNRE

MR L ARBEERERICTH T 280111021+
114bpm TH o 7z. T DOFERIZL, L (1997) H3ERL
U7z RPE &EMBIHR DRI & B &, ARFENRH
LHEDR)TH D20 HBT2 (8] 5 [9
(M7BDHTHS ;106 +5bpm) | ITFEHS L THD,
RPEDAFAEDHER LFAFOMEE TH /2. I
DFERITDONT, ARFHE TEBMERHREORRIEE L
R ARNCIEERERICREIND XS B ANDES)

MEET L ZENMREINTHO (Sternbach, 1962 ;
(i, 2013), éb_bmﬁ#&@Mﬁm&ﬁfﬁ%

DEENFEEFICRDIENRINTVS (K5,
2%D.%®k®,@ﬁ7ﬂﬁ7b%%b&@@b£
L TWiz ERET 2 &, FBIESRE Th 500
MICHBR2H525 212X > T, EEEETREOHR
BREREOMICERNASND E TR 720, A

IZBWTHEFE I NRho .

RIZ, BAEFEE (2013) 1%, HEDIDDADE
B O P THEBIIREICOWNWT [ THD QMg
135bpm) | 75 [RREDW (205%L ; 150bpm) | &
KU DREDORI ZIZEBL TS, ZOHUMEL [T
2 &, RPFEITHBT 2 BB S CICE B EB) R
DOFERERIILEBIEBETH o2, TOMITONT,
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SHENRE
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(D) REL KL, FigqglsdmILzo, siEig
UZIREETTN T > A2 rFF L2 D & o Jz FRERAY S E)
AW OBVES T 07 S ATHRLEZZ E, 2) B,
HWWEROD R L —22 7 %27 > TO AR EICATET
DZRFENHEMNBHE TH o2 2 EMFIRERN & HER
SN i, MELfEIazy FAREFEMAL
THERL TWB ZEN5, KDARDOBRWBKEER DK
BRI & T IO AN D, fEEOME O &
WEDKWO—TZBRLZDTEHRE, EEHOHM
PEEFICHEDOE THREZ TKT 52 & THEOAN
BT DL EMAEEE S A D,

V. #&

4

AR, O — 7 O BRI ETE R U ER) T
07 I L5 NI —HOEREEERET DL EBIT, E
it U7z BR DDA & NHEB TRE 2 LT 2 2 &
& - T, MO — 2GR O et 25 %
ZEEHME Lz, RENRFIRFEN64T,
BIEHIIVASIEIC K #7075 LA, Rk
fari#12 3517 2 TDMS 2 il L 7= DERARZY, 725 O
IR RS O EBIN7 5 ISR BIREERE TH >
To. 1aB, HEETREICE T A EHE O AT E S
HEno 11 # 2L TEMBL .

FfERIITREO®MD Tho /.

- VASTEIC K 2EE T 07 5 LAHEORER, St
LEITBT 2 2EFE OEIGEIC DN T, ERER
78.6 +21.4%, BLOREIL75.5+20.2%, fEBREIX29.1
+262% CHholz. TOREY, KFHENGHICEST
MBELRBETIZEAEERT 2 ENTE, INEE
ERRE UMK (KBS, 2016b) E[REARITEL A
RIS EEL TV Z LRI Nz
< TRICR RIE (TDMS) 12X 2B O E, K%
FHERTRIC BT D 2FEHRE DT N TOHRAEEE T
BWTHBRENHERIN, HIEE, PlEER S
WEEN EALE—HT, KEEIIMCNL (EHEE -
LR - R - HEEE, p<.001), RIT 1 TR0
HSENRIREN T
< 1144 O FHA X R BT BV B AR N b O & Bk
IZDOWT, ERIRNET®E (RPE) 1389+16T, &
B EE R OFFE & U 72 A0 A3 102.1 £ 114
bpm TEBIEMETH D, N5 ORICZEFRIIHRS
Nixh-oie. ab, &1y N TEEH 0T 746
DEREIITHBNTI158+17.7bpm TH > & H EWHE
Lt L. £k 2WENREOREHLHER

(HRrest) 1358.8+59 bpm TH /=2 &G, LKL
To AR NIC K 2 ZF O IEUT g 2 2L #1373.6%
Tholz.

LAEDIED, AR TEE L 7 RS R A 3 Bk
RO THIK 2ENTE, EfaH OFEB) 50 E I ILE T
HHHEOD, RPT 1 TRUENYGENREN S S NS
ZEDRS N, S5HIT, REEZTTRSFEDD
Sl &V o Tk 2 IR E MR & U e AR D L
B - BRZNRICDO W THGEZED D & & big, i#
B HMSEME DK - EBREICEDE LI SR
LEFTOT S AERELT, Mo —72ERLE
& HER T 0T T ADOHEEBEIEL THERWN.

i T

1) A TRIEESL, BEOSORERISVREDHE
B - fh2l - SULIREEE D, DO Z0@E S &5
OIEMSLEFRT 57 EHFED D25 > 2 S IRES)
D EEET. NIEWEEANBAERERS TR 5
&, EBRAEEYE (F1.G) TldGymnastics for AllERE N
TWnb.

2) 2=y hHFX &, 2B EDEDSNZEEEDITH
WTC, REVERISER O I LE#KRL, TOEE
EDZEBEORLED, IEEZMAFALD L TEMRT 272
E, WAWARHMAGHOETERTELZ2HADIETH
5.

f+ &

RO —IL, FHEME gl e G (O BEES
15K01514) 22 CEESN=b D Th 5.

Xk

FRAEREAL (2014) —MRAREREA, NAEWEIEA B AKRE:
2, 14-19.

Borg, G. (1982) Psychophysical bases of perceived exertion, Medi-
cine and Science in Sports and Exercise, 14(5), 377-381.
Borg, G. et al. (1983) A category-ratio perceived exertion scale:
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icine and Science in Sports and Exercise, 15 (6), 523-528.
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