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Abstract : The purpose of this study was to investigate whether the speed of a thrown ball and differ-
ences in the effect of training in junior and senior high school baseball fielders at different developmental
stages would be influenced by stretch-shortening cycle (SSC) training and resistance training. The sub-
jects were classified into three groups: a SSC training group (dumbbell fly and medicine ball twist toss),
a resistance training group (bench press and shaft twist), and a control group. Training was continued
for three sessions per week for seven weeks. Moreover, the subjects performed purely concentric throw
(CT) and rebound throw (RT) with medicine balls horizontal to the shoulder and body trunk twist move-
ment, and the throw-index (CT: CT-index, RT: RT-index) and prestretch augmentation (Augmenta-
tion) were calculated.

The results were as follows: 1) The thrown ball speed increased significantly with SSC training in
both the junior and senior high school baseball players. 2) The rate of increase in augmentation was
higher in the junior than in the senior high school players. 3) The thrown ball speed increased significant-
ly in the junior high school players who undertook resistance training, but not in the senior high school
players. 4) The RT-index increased significantly in the junior high school players who undertook
resistance training. 5) Augmentation was not increased significantly in the junior or senior high school
players who undertook resistance training. These results suggest that the speed of a thrown ball in-
creased significantly in junior and senior high school baseball players who undertook SSC training, and in
junior high school players who undertook resistance training group. In addition, it was clarified that the
effect of training differed according to developmental stage.

Key words : stretch-shortening cycle, upper limb, body trunk
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SRR AR, R EOBRFEIRIC, BF
DIFE LT - 2B - A (2006) OWFFE T,
ENfEOHERICHER ALY — F AL /2 L s
ncTws.

HINCEAL TS, T Tt I Sl it
BHEIZ L AR EHER A — F & OB <
NTEH, WIFNLFERAE—F LOMICEE K
HBERERLPD A EDRHEINTWV A
(Pedegana et al., 1982 ; “F¥F - #&F), 1984).

TN V=2 T ORI RS L 72E L <
SR 5N, Tony et al. (1998) |3 AFEFEkFEF
AR&REL T, FROIEEOH L —=v
7% 4 ml, §HEMATWHRERAY — F AERICH
FL7E#HEL TWw5. Newton and McEvoy
(199) &, BH PV —o v T EfT-72 2 LDk
WY ST BERGETF (16~235%) 24 NE G &
LG EEOAT v viR—b2n—F b —2v
7, BN V=7 OmR AR L, H2Mm,
SHEMED NV —ZV T THN V=2V 7O A
BIRAC—FPAERICHEML 72 2 HmEL TW 5.

— /T, FEOHRERFHZIK T AMiEENCEH ¥
BE, HERBEOORENEGFORE % EE - T
ARMARSNACZ & (Miyashita et al., 1986),
DY — AR DBIFICELD, ThEHTTR
OER) (NBEFE R, BrHsE, BAKFERN
R Y) DEBSTRESL L0 (BEHED,
1990), BB, HEoOBFICRE—EEY A 71
( Stretch-Shortening cycle , LA F SSC) & &)
(Komi and Buskirik, 1972) 234U T\ AJHEME
DREINTED (BIFE, 1990 ; =ih -
F£, 2009), T LML ROVF—DOFFIA
HREICL, B—IICEZ BT RIVF—%ED 5
C IO B EHEHIEINT WS, TOZ LICH
LT, R - BER (2010) X, BACENER,
Agtein EiIC 1) %, SSCEE % FIH L 723
T —RMHES] LB FORERAY —F LOMICE W
BRIt B 5 C L A L T 5.

INHDT &G, EREB XCERGOHH =
SSCHBI#FIHL CrLV—Z Vv 7452 LT,
BRAC—FE@mOO6NAT EnEZLNS. L
ML, ITNEFTORKAY—FOR EEBIEL

GTH V==V 7 OMETIE, BEOHI L —
SV R AR ERG LT L S Abh s
75 (Thompon and Martin, 1965; Popescue, 1975,
Newton and McEvoy, 1994; Tony et al., 1998),
SSCHEBZFIHL TO LV —=v 7 PR A
V— FICRIF 4 B O\ TGS L 7o EERIY 7 BF
7213 McEvoy and Newton (1998) O#i54 R 5
NHBRETZORII L, Hihtrv—=ov 7k
SSCHEENZFIHL TO L —=v 7 D)% I
L 7efgeid R b iz,

Fio, BEMIR AN V—2Vv T BT S ET
OFFFI STk FEHE, 1961 ; &T,
1980), CORHMCHY LNV —=v T T 5
LiE, REMORFICE > TEERZ L THDH &
Zzb05. LrL, INETHREFOHRIKRA
V—FICEBR L b L ==V 7 D% T,
KRFAED G LAFERITE EAETHD,
EBEWOBREFICES LY T, SSCHB) A FH]
AL =2 v 7 ORRE R L7 RIE RS
Nz, EbIC, MUEFM LV, hegdg b
ERAETRRBEEE RS (RU—F - TV
¥ —J)b, 1995) &b, FL—FEUF (I
LEVWHARONAZENTHINS. Lich-
T, RIpHBEEEREICET S P —2 v 7w Rk
HOPCTHT L, CORICKsTS L —2
VDB F AT HETERHHLLDE VR
5.

IHIT, BERICBWGEWR—ILEFHITHNS
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TOMETIE, BFOV v F V7 extg s L
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and McEvoy, 1994; McEvoy and Newton, 1998)
7, BFORR (HER2OO8S) g s L7
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DT B &0 ONERIEA, 2007), BFiE#H
FiR» SEENESR DT THRIT 5 Z EHF SN
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FEBFORRIELLEBEZONS. LT
Do THFOXRKENOM LIZHE R LI L 0
Bl T BLEEZOLNS.

Z CTARMZETIE, RnsRkERETH ST
%, BRTREFOHF 2R LL T, SSC#E
BaemFAL o —= s, BEOH I —=
VIPERAE - FICRIET B oS
ZhROHEIZ DWW TR 7 5.

I. % &

1. #HeE

B, ERTRF—LACHEL T 5%
#  (Junior high school student, LLF Junior) 26
% (Age: 14.1+0.4 years, Height: 165.4+7.3
cm, Weight: 54.0 +85kg), m#e4 (High
school student, LL'F High) 36% (Age: 16.5+
0.5 years, Height: 170.9 £4.7 cm, Weight: 65.8 +
11.3kg) OBHF FEFELHEMWICT > T
#EF) L, SSCEFHErBEM LTI L —=Vv T
B (LUFSSC rv—=v 7)), Bhrr—=v
T, OV PR )URICHEL 7o, KTFRIC KT
HEFODEL, TUTAFOERAY —Fw i
2, HRITEPH VL DA EEBRILL /2
(Table 1).

¥, AR XU ORELITITATEOR

1, SEEBRAE R JUEBREIC DWW T3 IC 37
HLELIC, KRICEMT H I LOREZB..
COFIRZATEEB OB R A2 OREZ 18 TT
whhni.

2. b—z=247mobal

AROFE T, @ OMBERIE 3 HOFETT
BEIO V= TR fThbe .. EHON LV —2
VZHNEFILTO®EY THS (Fig. D).

1) SSC rL—=v 7

SSCrV—zZ v/ TR EBRO N —2v 7
ELTHEUNI - T54, KO V—Z Tk
LTAF 4 ViR—V AT — (VA A+ - FA)
HiTby7.. AFII0BIORE S 7 + — L% A
SIS, EE T2 HHEIICEHERE S LICRk
L7, BREICE, REVEFIR L CTEIfEOYD
Bz L #ZRLfrO LOICOETHERL, 100
ODREx#1tvy L, 6y FED2Thb®/
(S FZ7U7 -T2V VF /A, 2004).

2) Hhrv—=v 7

MV —=ov /BT, EEorv—=ov s
L TIRNVFT VA, O —=2v 7 & LT
Va7 VA AN RTDOY. WO L —2
VI ARE R ANSKHEAL VKD ICHERL,
Va7 PV A AN TREKIZERIC 2 #H IR E
LEOIHRRL, MhEIChY v R SR A

Table 1 Subjects characteristics of the each training group

High
SSC (n=12) Resistance (n=12) Control (n=12) Analysis of Variance
Height (cm) 167.9+3.8 169.9+3.3 171.6+5.1 n.s
Weight (kg) 64.4+9.2 64.4+11.3 69.9+13.9 n.s
Age (yr) 16.5+£0.5 16.5+0.4 16.5+0.5 n.s
Ball speed (m/s) 30.8+1.7 31.0x1.5 29.8+2.0 n.s
Junior
SSC (n=9) Resistance (n=8) Control (n=9) Analysis of Variance
Height (cm) 162.7+5.5 163.2+5.6 161.5+8.1 n.s
Weight (kg) 50.0+6.1 51.2+6.1 50.1+7.3 n.s
Age (yr) 13.8+0.4 13.8+0.3 13.8+0.4 n.s
Ball speed (m/s) 27.0+1.9 27.1+1.1 27.0+2.0 n.s

n.s: non significant
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SSC Training Group

Resistance Training Group

Control Group

4 Y4

Load . Appropriate weight for this exercise
to be done ten times constantly.)

Bench press \ [ \

Dumbbell Fly 1Orep X 5set
10rep X Bset
Load : 1RM / 80%
Medicine ball twist toss No trainin
10throw x Bset Shaft twist Selraining
10rep X 5set

Load : Appropriate weight for this exercise

\ to be done ten times constantly.) \ /

3days / week X 7weeks

Fig. 1 Training protocol.

IXVFF U ATiE, 1RM ©80% C10[E] 5 2 v
F, Y 7 EVAANE, Tx—LEHITICHE
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HH OBELSCFE e b LV —2 v 73 T
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3. AIEIEEB & & UFHESE

P U=V RIS LA T ORIE # 4T - e

1) EERAY—F

W FOFMBTEICHT 2 HR— IV B ER
L, fEk#E, —ECH2 AHERE AL - T, #
BLADENTEERT LTV ATy T AR —%A1T
b7, R—IVBED, WEREOHITICHKEL /-
AV—=FH v (A48, 2ZM1025) CHlE
L7z 7x8, AV—FHAVEHINC k> THONS
A=V A= FICE@mWEEEDR B S Z & PO
LNTWA (FFAL, 2007). HEE 3 ET,
&b RVEEHETFHOERAY —F & L.

2) Throw-index ¥ & UF Augmentation

Jefrmrge (HPIEA, 2006) % %% (C SSCHE
BHEHAL R (KE7KL) HEFThLra
v U v 7 At—(Concentric throw, LIF CT),
SSCEB=FHMHT S (KBDHD) WHIFTH 5
Y377 F A— (Rebound throw, LLF RT)
DZDDEMTAT 4V V/IR—IV AT —{ThH,
iR KUK O/NT —FEHHAE T A BIE L .

W - BRR (2010) DEfTHIE A BEIC,
BT, BOKFNEEEZHWTAT ¢ vV
R—vaftd BicT 588 % ThH+, CT i3,
EENIY 75 i KB AP SRR O IREE 2> & B A F W
T WFGEE 7 174, RT (3 B & #m 28 5F 7o
RED B RENE W CoOER - fTh 47 (Fig.
2-©). FBICBEL T, BarboORELLOY
A FAF 4 vV R—bAn—%4ib4, CTi,
R—)b W T CTREFL, & 5T50 &5 Ic R
KRR AATHR S B 72RFED B OFSEE) 2 AT H 4,
RT &, X SW7 KD SHIT 5 T71 &)
ISR rigin s ¥, RKEA H W TORGER) A 179
+7- (Fig. 2-Q).
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Upper limb

'\ °
Concentric
throw F.
‘\ ®
Rebound
throw

@

Trunk

Throwing
direction

i
Throwing |
direction !

Fig. 2 Method of concentric throw and rebound throw in upper limb and trunk.

FEOPE T 2kg (EEE20cm), EEEOH
ETHE kg (BfX12em) OFFTHENSR—IL
AL . BRI 5588 b,
[TEHRETERSICERSFET S]] L OHTHER
L, £NTORE %% 30T >Tbd, K-
OIS A V% —THIEL, RIEHES K LEN
TV HE T sig & L.

AT CREERAEZ T4 A5 (CASIO
%, EXILIM EX-F1, 300 fps) T L, i
B 7cWg & CT R OB ERFE 2 3t A0,
PR % CT OB (ERffEl Tl 4% 2 & T
Throw-index (HMIZA, 2006) =&HH L (CT
TlZ CT-index, RT Ti{X RT-index & L 7=), I
et FUMEHAREL /2N — DS L. &
7=, SSCEBORRZ R I (SSCHES)) &
LT, CTic®d5RT®CT J{m Tk
(Augmentation) ZLLFDOR 1 (Walshe et al,
1996) 12X~ THHL .

RT-index — CT-index

ion = X
Augmentation CT-index 100

A1

3) RN
Bl ds KO RO % R G R (LP-
100KB, #£MfMEH, Fig. 3-@) &M\, FHHE

ot il

=

Fig. 4 Method for measurement of isometric strength
at upper limb.

(WGA 710A, IR, Fig. 3-@) #/AHL TE
TEHTnz S % JE L 7-.

BT, SMORETE G REFL, &K
BHTHHNZ D&Mz 5 & SR 7z (Fig.
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Fig. 5 Method for measurement of isometric strength
at trunk.

4). F®HTE, HICENGFEHEL, &7
WAL L 72IRBECTY v 7 b S, (K% i KRR
B SE T, Vo7 M OEERS # EDFHI AT
L. ZOH, BRABHTRESY (Fig. 5, &
HOBEGRAHEN). WIFNOBES, 5HHE
ELT3EfTY, RAMEEEHRMALZ. &k, k
[ecid, Flehiz oL, RsTid, BERFmIC
R THEIMZ S /7.

4. HBEOIERF KB

RAEL, BERAY—F, AF 1 VR—ILA
0— (EE—), #OE (B o
6T, YUF AL, RAFFARRICH L T
o7, HBRBOMICE, EFOHEL L T2
I, 3-5 HRREOKRBRERE A ), B ORE 57
BTN C & A NI THERE L Th D RORAFE & AT
7.

5. #REHLEE
BIB9S + BRERA TR L.
WeE O gy, hegd, SR 1 BRS
WOtz Wz, P L=V ZRiHRIC ST AHEIE
EDOELRET H7-012i%, B (3 K#E : SSC
V== OB, VoV IR, av bo—
JVEE) XL - iIRA T (pre, post) O 2 B[R S-k
SE Wz, F£72, SSC L —o v BICEk

% Ei% & RO Augmentation OHEIIZRIZ DWW
T, FELERETENDLONE D M BiE
T 572 OICFNR (2 KHE - e, mlcd) x5
fr (2 KH#E : B, 1hER) © 2 ERGHS % H
W/, ZCCFEPAERETH-> 2L DITHL T
I%, % D# Bonferroni D EIC L D HRE#1T7%
S7c. Teds, AEKHEEL S AR L L.

M. #& R

1. ZERUBHHOE(L

Fig. 6 (2, &FICBT 5 MU —2 V7RO 1
B, REBOEREHIEIKELZLDTHL. &
ot OfEER, o kT, 7V - RAR
DOX#F (F(1, 33) =4.41, p<0.05) HEZTH
D, HOEHREIUCZAFERHTIERE Cdar-
7o TRMEDRER, B V—2Vv 7R LU
OV FR—VEORA BTV LD ERICE P -
7o (p<0.05). FFEO EFETIE, S - BAE
DOEFE (F(1, 22)=9.44, p<0.01) BFEETH
D, HOEHREIUCLZAFERHETIERE Cdar-
7o TRAREOHE, HHE LV —Z v TREORA
FRTVEDEBREICE 272 (p<0.01). B4
DOEFEHTE, 7V - RAFOFERHFE (F(Q, 33) =
14.04, p<0.01) AHEETHY, HOFEHREL L
URBFERABERE TR 7. TRBEREDR
B V=2V T HORA IR TV EDER
@2 -7z (p<0.01). A ofEm i, 7
L BA R OESE(F(1, 22) =19.43, p<0.001)
DEETHYD, HOFXHREIUZEFERIIERE
Tl nr-7. TREEDOHKFE, SSC L —=
VIBBYOH DL —oV T BEORA BT
FOEBICEP -7 (SSC FL—=o v 78 p<
0.05, HHFL—=V 7% :p<0.01).

2. Throw-index & Augmentation DZE{k

Fig. 713, &#MICBT 5 V—2 v 7RitkD L
5 © Throw-index, Augmentation % H.#% L 72 &
DTH5B. HBOHORE, EiED RT-index
Tk, SV - IRAFoFERR (F(, 33) =842, p
<0.01) PEETHY, HOEHRE JULASE
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High Junior
Upper limb
* . * 0 pPre
X I 1
."() = I post
w| 1 1
50
40 - :
T
. i Y Nl B
SsC Resistance Control ssC Resistance Control
(kg) . Trunk
[ %
35 1
30 I I
20
. | i 'l .
SsC Resistance Control Resistance Control
*p<.05

Fig. 6 Comparison of isometric strength at upper limb and trunk in each training group.
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27 B Post
23
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15 | B i_

Resistance Control Resistance Control
(mis) CT-|ndex
25 [ [
21
17 [ I

I |

13 I

Resistance Control SSsC Resistance Control
(%) ,_| Augmentation
40 —
30 {
20 [ {
4 I | | | [. Iﬁ_
; | | |

SSsC Resistance Control SSsC Resistance Control

*p<.05

Fig. 7 Comparison of RT-index, CT-index, and Augmentation at upper limb in each training group.

HEAEECE R 7. FAREREORE, SSC
U=V T BHORA DTV L0EAER
7= (p<0.001). "4 RT-index TiZ, /L -

IZE P -

RAFOEFE (F,
=5.24, p<0.05) AHETH

AHEM (F(2, 22)
D, BOEHRIIAE

22) =41.87, p<0.001),

Tld e o7z THRBEED
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High ) Junior
RT-index

(m/s) 0 Pre
40 B Post
30 T T
20
10
0

ReS|stance Control Resistance Control
(m/s) CT-index
40 *
30
. I \ I | |
10
0 I I . | ._

Resistance Control Resistance  Control
- Augmentation
0
40 1
30
20 [
. | | | I -
; | I

Resistance Control SsC Resistance Control

*p<.05

Fig. 8 Comparison of RT-index, CT-index, and Augmentation at trunk in each training group.

EE, SSCHrY—o v/ HBLUH L —2
VIHORA NPTV IO FEEICE - 72 (SSC
==V B p<00l, HHrLV—Zv T
:p<0.05). @A CT-index {3, FEHEOD
FHRBIOZAMFHIER TR b 7. ¢
4@ CT-index 1%, /L - RAFOERHE (F(A,
22)=18.10, p<0.001) HEETHY, BHOEL
REBIOZTHEMIAE T e - 7. TRE
OfER, SSC U —Z Vv 7B BLUB NV —
ZVIHORANBR IV EDERBICE P 2
(SSC FV—=v 7 p<0.01, L —=
VIR p<0.05). EfAD Augmentation i3,
FEROEHRIIFEE TR A -7, ZHIEH
1355 (F(2,33)=4.38,p<0.05) ThH-7. F
M EDRER, SSC F L —=2 VI HORA LR
TVIOVEBICE P>/ (p<0.01). 4D
Augmentation TiZ, 7L - RZA+FOEZRE (F
(1,22)=6.39,p<0.05) BEETHD, HOE
R FOZHERIARE TR e > 7. Thikk

FEOFER, SSC U —Z VI BHORA NI
LDEEBEICEL-7 (p<0.001).

Fig. 81, #BICEIF S MU —Z vV 7Rtk Ok
¥ ¢ Throw-index, Augmentation % H.¥% L 72 &
DTH%B. FEAWORRE, &4 D RT-index
Tk, V- R roERHE (F(, 33) =15.01,
p<0.001), Z£HfEM (F(2, 33)=5.84,p<0.01)
DHEETHY, BOFHRIFETITah - 7.
TRBEEDOHE, SSC L —= v/ HORA L
DTV EVEEICE P -T2 (p<0.001). 224
@ RT-index Ti, 7V - KA FOEHE (F(,
22) =28.95, p<0.001), ZHIEM (F(2,22)=
5.42,p<0.05) BEETHY, HBOTHEIIHFE
TR 7z. FMEREDORKER, SSCFHL—=
VIBBIUBNI IV T HEORA BTV
O EBICE» -7 (SSC FL—Zv 7B p<
0.001, iV ——V 78 :p<0.05). Skt
@ CT-index Ti%, 7L - RA+OERHE (F(Q,
33)=9.75, p<0.01) KHEETHH, HOEHR



P U=V T HEOE OGP EIR A —

BIURAEFEREIERE T >7. FTRERED
R, MNP V—oV I HORA BTV EDE
BlZE» -7 (p<0.01). A=A 0 CT-index T
ik, U BAFOEDE (F(1,22)=18.10, p
<0.001) PEETHD, HOFHEBLIUOLE
TERIIFEE TR a -7z, FRBEEDORFEE, SSC
FU—Z VBB RUH NI V=V TREDR A
FRTVEOEBICE P/ (SSC LU —Zv
R p<00l, APV —=ZV I H p<
0.05). B4 o Augmentation 13, #HERDE
HRIFEETE o720, TOEERIZAEE (F
(2,33)=7.05p<0.01) THo7. FMEED
fR, SSC U=V 7 RHORAFHT L&D
HEICE»-> 72 (p<0.01). &34 Augmen-
tation Tid, FEROFHRIEZE TR L -7
7, AAHERIZER (F(2,33)=5.61, p<0.05)
THolz. FTMBREDORKER, SSCrU—=ov 7
BORZA BTV IV EEICE»- 72 (p<0.05).
Fig. 91%, SSC F V—= v 7 BiC B+ % Aug-
mentation O + L — = VR TOMINKE, &

B high

160 8 junior
140
120
100

60
40
20

Training effect (%)

upper trunk *p<.05

Fig. 9 Training effect at Augmentation in SSC train-
ing group at high and junior.
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A, WA NOOR Uz, B i ORER, 24
OFELHE (F(1, 16) =6.99, p<0.05) "EZETH
D, WEOFENFEL LCZEFRITEE TIdar
o7z FEEDHKR, RO Rmd &
DA HEEICEP- T (p<0.05).

3. BEERRE— ROEML

Fig. 1013, #HICBF 5 U —Z Vv 7 HithkD
BEERAV—F 2L 72 DTH 5. FEGHO
R, SRAdTiR, U - BAroEHE FA,
33) =10.07, p<0.01), ZHMEM (F(2,33) =
7.62,p<0.01) PEETHY, HOTHRIIEFE
TR/, FMEREORKE, SSCFHL—=
VITEDRA BTV EOEEICE P> (p<
0.001). rhzAdEid, YU - RAFOFELHE (F
(1,22)=41.86, p<0.001), ZHIEH (F(2,22)
=4.24, p<0.05) HHEETHY, HOFRHRITH
BEClahod. FTRBEEOREE, SSC FL—
SVITHBIUOB I V=V TREORA RS
VEDFEEICEP-72 (SSCHUV—Z V7 p
<0.001, HFL—=V 7B : p<0.05).

V. # =

1. BAML—=CTEHOBRICOVT

I V=2V THOHPICOWTARL L, &
BAETITERWEG T, A#%D CT-index IZ F L —
ZVITRICARICHIINL 72 DD, KERAV—F,
SSC #FIH L CTONRT —REDOFETH 5 RT-
index, Augmentation DI Kt B SN izh - 7z,

Junior
© Pre
" Post
Ui ‘-
Resistance Control
*p<.05

Fig 10 Comparison of ball speed in each training group.
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Fref e Tld, Augmentation ORI R S s H
ST, ZOMOFTNTOEEHEA T —=V
TRERICHEEREMA R BN .

Newton and McEvoy (1994) %, ¥ o1 =7 ¥ ER
HEF (16~235%) 24 N>R LT, H2[H, 8
BEOEBEOH LV —=2v 7 (NVvFTUA,
IN—= OV I F —IN—=) "fToTc & T HEERA
P—RAEEICHEML 72 EHEL TS, Ll
Newton and McEvoy (1994) Off%e COBEKE
2, BEOHN V=2 7375722 &7
<, VNIV ER szt IhTnws. K
PIEIZ B\ C, B E T ELRIZ 87 b
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