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Effects of Plyometrics with Proportional Body
Weight on Sport Performances

Abstract

The purpose of this study was to understand 5 weeks of Plyometrics with extra
proportional body weight on sport performances of male junior high students. 21
male junior high students participated in this study, their average age was 2.42t4.7
yrs old, height was 146+5.15 cm and weight was 43.84+14.99 kg. All participants
were evenly distributed into 5%, 10% and 0% groups (A, B and C) according to
their CMJ (counter movement jump) performance with matched method. Three
times a week and five weeks of whole training session, and each time consists
several trainings which were CMJ, hurdle jumps, leaps, hops and 5 minutes cool
down jogging after main Plyometrics. Sport performances of CMJ, 30m spilt speed
and dash record, 10m shuttle running, 30 sec box jumps and 12 min Cooper Test
were used to compare the differences between Pre- and post-test. All data were
analyzed with statistical software package (SPSS 12.0). One-way ANOVA was
used to analyze the homogeneous of each group before training as well as used to
analyze the differences between groups after 5 weeks’ training. Also, the training
effects of all sport performances within each group were analyzed using student’s
paired t test. For all analyses significance was accepted at p<.05.

The conclusions of this study were listed below:

l. The training effect on Counter Movement Jump: All three groups reached
significant training effect on CMJ, but no significant differences between
each group.

Il. The training effect on 10m shuttle run: Only 10% group showed significant
degeneration on this performance, and mean while the 5% and 0% groups
keep the same as pre-test.

II. The training effect on 30m spilt speed and record: All three groups had
significant positive training effect on 20-30m spilt speed, but only 5% and
0% groups had same training effect on 30m dash record.

IV.  The training effect on 30 sec box jumps: All group showed significant
training effect, but with no significant differences between three groups.

V. The training effect on 12min Cooper Test: Only 5% group obtained
significant training effect and whereas 10% and 0% groups kept the same.

VI.  The integrant training effect of all performances: After analysis of all sport
performances of each group, found 5% group obtained the best training
effects and whereas 10% group showed the worst.

Key words: Plyometrics, Stretch-Shortening Cycle (SSC), sport performance
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wh e T P S E 5Ty BEER AR (PT, jump group)® 4t ﬁ“U A B
ﬁlSﬁ%@ﬁéﬁloﬁw@@oﬁwWﬁWIm By 7 A
o v 3 60 W BTEE o F[ BT 10 G Y B PRk 100 lﬁ B -
P30 Y N O B R T REL ] o AT o A N B BT R
Afoas 7 30 0 AN~ 10-20 0 AN 20-30 0 N i 2D R Va2 S
(p<.05) > [ij 7 0-10 = WAy o[l 5 5E &5 (p>.05) % &l 4 il
AT i R G F EJU’EHQ R pu AR o phn BRSNS o
PT &% A ™ = LSS0 fy 5 1) 3 b1 2 B3 A po e 0« ) IR
ER A RN TS FE RS s Ly
Ao o QE AL S AT ’ﬁ?ﬁ%‘?&% o S p@ﬂpﬁ@ﬁﬂ RUIRERIE /E g
oo

Impellizzeri et al. (2007)f9 F=% 11 44 & % 8 fy |1 50 @)
Y o0 A% A (B P T By ) o T B OE F R B PR Y B (R
) Tﬂﬂ Bl Y U AE 4{5[3@ PTR" A - at f BH = f 22 5 B f
e ST CMIPYfiE 10 A S b 47 8 8 3 05 o 0 20 5B B R A
VP R A O B F) RS RRE % w%hﬁﬁﬁ%o |

POV AR FLE B R T F R Py ST T ER I o b B E

x?Wﬁ“*“@iwﬂﬂwww°ﬂ%w“¢7kﬁ“ F
B PTR A P T TR SSCRY RS T A A By T
il 9 2" i 3

Malisoux, Francaux, Nielens, and Theisen (2006) I'] 8 ¢

S R B s B S F) SSC o P I o @ R A 0 B
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?%FﬁﬁiJﬁF%#U%frwﬂ*ﬁg”'W% frk 5228
) @FI E‘;T pU & v 20 55 8y R AR E\éj il £ 87 8 {Fj[EST Y & 7% 45
P i Eﬁ [ 5 2 SRR R G Y AL A R B (biopsy) ~ B
Al g 7 A s BT SIS 5 PR el g S R e
({15 A ] 567 1296 (p<0.01) 70y B R {2 )0 A 3L (SI == CMJI) KT p 13
% (p<0.001); Ht — H* 3% type | & B 3 1 23% (p<0.01)-type lla
Wrop 22% - ) type Ha/llx 5 ~p 30%(p<0.001) -

Clutch , Wilton, Mcgown, and Bryce (1983)33?1*4‘; FIT o ,‘{ij’
- EAFEE S R BRE B RF R ST I YA (1)
= PR AR - (2)30 51 ’Fi i N BTEEF AR - (3)75 % 110 5yl

Tifh T BEE AR - A B @%‘ﬁ\@%ﬁiwjb%w
gﬁww’ﬁ@%g,w<omy TEE RS N

45?

w2 F A (1998) vt o T EMHUETE o BB Al py o
HORHRCE I R AR L) TR AR S W B
HOr PR e R YR SR A T
WyrTa5=7.82 50 *J B % & H 5710.26% » 10.52% > *%é‘
i 710.7206 % 10,239 o 1R NIl B A

Allerheiligan(1994) ; Brown et al. (1986) ; Steben and
Steben(lQBl)%‘»?{#ﬁH"&?\ TP e S kL T 6t g R R
BN R pu e o I 2 - B RORE B9 2R g R % ;]
BT o B RL E B Y -

Bosco, Luhtanen, and Komi(1983)%7 i =¢ 7" At &L &5 [ V% B
(depth jumping) ~ [ (hop ping) '] » % (bounding) " 7 & &
FOpy RS g gl [ o & OBy [y a0 T é?ﬂ%%}%ﬁ
Jopy Tl ¥ (Brown et al., 1986) - 2 H ?ﬂ 17 **HﬁJ By o B Py E.'J o

[ 6 T Y B RO o A 3 B V— °
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e 0 O E ¥ (2000) 8B I 9 S AR I R T 4R L R
> E SR B T T TR R AR PR T (2
o T 7 Ak R Y AR A i HEr e P FE 800N KL (N F A EN 0 80-120 % KL
FITE" Ak &F > 120 -160-7% £ F'J 7'k el > 160.% '] ?Eﬁfj’ E.'J "
BN - F;' B Rk FE N B A 100K o

Costello(1986) it 17 9 7 3" fiv @ 3 KL M1 e fill B e s o
HWHP*J B I BT B e ) gzv%clgké?;ﬁ@ LI SR S A

Paavolainen, Hakkinen, Hamé&aldinen, Nummela, and
Rusko(1999) 3k %&i&ﬂ*ﬁ@iaﬁ % pv s £l (explosive-strength) " i
SR GE S % 5 R PRI A b R

Saunders et al.(2006)§l®¢f“4"¢ v ) =B E = fEHy 9 I
Bi TR AW R K B D ﬂBLW5ﬁ®0ﬁ%Wﬁ$ﬁ
P o BEAY B4y S g 1E (running economy) E] BT YA &
[ &= %‘} Ry R A A Fﬂ' AR RL T RN & O A2 S A l%g Al
fir Y2 R RS CH AR R N S RN 0 H 2 R RO S R
}%igﬁ 7o (power) ') B v Ry UE Ak Y ES il E[sr* FTFJ i o

Diallo, Dore, Duche, and Van Praagh (2001)F” 7l A
oo WO F AR BT PIE S 2 % (RV, Running
Velocity) & B3 p9 I 32 3 2 -
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,T

5T a7 R

(T 0 R R Wtﬁ[ﬁ,@%j wﬁr%gg@d/ rg;ﬁ;z’ﬁéﬂ[l A

fgrf[*lw“llqlﬁc’%Jj\ J;‘u%’!_ﬁﬁll_:

SR AR (PT)I] SSCEL i B [k

N J E{}%E@é ngn a\ﬂ& (PT)_}U ;C ’ F {-E gF{ s q; qu [ ‘1@ Eﬁ [5[: 7JJ El
el G o= BB ﬁ U T R A S
AL E B FRR ST S R R

- ter gF{ Bl ,ﬁ FIJ I }E#H%Hj,%; P 4
SEENRE R N Wﬂjlﬁ}@q@’g }“F' P e pu 2 s

i % Elsj F"[ T‘J: BN (P BB R B =) B O i ;Ttﬁ?l Eﬁ F ]_W'IJ
BT I R (B -

\ﬁyﬂé%ﬁﬂqﬁ??gﬁﬁu S ok CEINSE E"F”Flru“ﬁwe—e‘risz
FISJ%E[ °

T AR PR o B D F BB B AE S o R

Pk

CER R I ER R AT E Bk e e A

;mﬁJw%f’ﬁﬁﬁifﬁ%@Jﬁvmﬂ:a%@
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Y2 H PRV EENR

FUHE RIRPI R PR R G R A )4 Ay
ST PB4 BV ATWORRE R SR T R KT
o BTN AR R ST AW RO 5T YR
AR BT e

G

NG

T f FREY

PPSCBOPAE BF A By H 21 B Pl E S B A PR Y
=OUH e w4 F[E’FF)’JS/ < H B A EII’PPIZ[‘.;’:.{?{F“'I SH R
W R A HCEY R o 2 W R ?} ﬂlﬁi‘i&’ﬁ A F (O I 84
~)oﬁ%%ﬁ’mﬁkcmwﬁﬁ%w%@%ﬁﬁﬁﬁwfn
YEE, A~ B~ C = & > iﬁ“é'f‘,7?| c ARl EUHKBE 5% B
AN HEE 10%0 E A CARET] =k SR R AR o 5
A AT Ep D FE R B A R I A

)

&=

# 3-1 CECH G AR (n=21 T I il 48 vE )
= WE S%EE  Wp 10%[f U p 0% f
% YR (A)#r R as (B) ¢ fw A (C) % il =

(n=7) (n=7) (n=7)
= () 13.25+0.89 14.00+0.76 14.25+0.24
S f (2 57) 161.76%7.58  159.38+7.75  166.50%8.18
BIE(2 7)) 47.73%6.60 46.01+3.01  51.74+11.56

PR 2.41+0.35 4.66+0.27 + 2B

(2> 1)
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&?%ﬁk hg}tlﬂ

Uil

. ﬂ%ﬁ % I e p A AR (53 3] > Newtest Powertimer )
=R Fﬁ B = PDA~ W 145 ~

e

<t
N
M

I AL R s EY A

Lol AT

ﬁ‘?ﬂ‘ 3-1 Newtest Powertimer

RS

o 3-2 WY

W 3-3 & 9 U s

[ 3-4 AT 9 ARl s B
(30 0 N R )
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W 3-5 30 0 0 F A [ AR A B
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FME] WRHBEEGER

FOPEE T B FER R U o BRERE L TR
TOEGEE(CMI) ~ 10 2 ORPT R L 30 2 N GT RS~ 30 Fp A AT F
B A 12 5T @it B9 (Cooper Test) o FUAR H ST L 0 N ET
B (CMIT) ~ M@ % % (hurdle jump) - %I 5 (hopping) #! %5 # &

(alternate-leg bouncing) » I'J FPUZH o HFHEF A & =% » &5 5
20 R ER - VR R R T e (MU

- BRI
FPER AL RS SR H IR R AR A

QHN?%chﬂmE’qu¢%ﬂ~@ommﬁ%Wﬁw
1% TR T“ F[ ‘ I/ ?Eu:%ﬁi}*

(= )™ %Y (counter-movement jump,CMJ) ] &t

J1

W R ﬂ%ﬁb’?c Z pge & P A o AT (O3 BB 0 Newtest
Powertimer ) ©

CEHMER O GREE T 2R Tﬁf?ﬂﬂ_ijf’? v &2
SECE %%Ufﬁﬁ' AR INER - o R %?ﬁﬂfﬁ%"?’ﬂ
[fl oo R R P ?@(q?jg%%'iﬁﬁf‘ﬂ“ﬂ A )ik b A e
R ff'ﬁl B RN = B E A A o~ JE
FE R F[ L Y] %7 22 S8 REC I O .2

T

P B R S RE S E O R
¥ PDA [ﬁj%ﬁ@ﬁﬁ?,& ‘]E[]&%Egjr , 7\%«?[4\,5,%%@5}
s R B RS ERY A c BR YV E B
B (2 51) 0 R T 0 3H P R o @y ) g
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(5910 2 R )
EEE
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rll%“ﬂl NS
= )30 A

R B

WE

Sl g1 1

PH MRV EE SRR AT O H

- SEIKOS031-4000 ﬁ%ﬁ& 0
BUEEITENE S S E R R E Ea -y

ﬁ@naﬂﬁ@F’EW*%@ﬂﬁﬁﬁwﬁ
9@\l)’ ﬁ%l@(f E‘[fllﬁl%!_'ni_” fEr il ﬁ[gﬁ_'@\ﬁ:ﬁJ(F)J_
W) RO P N g

o

e o

5y SR S R R
ﬁ% Fp 2% % ohop= o g g WA (55 BBl 0 Newtest

Powertimer ) °

FR AR B R S [T o R R e
Oy B G )P A& 3 10 30 A R A
B S RHL G WEE S E O

T = PDA(personal digital assmlstant)[ﬁ ﬁlﬁ » I
Newtest Powertimer [ it & [ &% =P = ~ H & A1
i o o AT 9 ASCE E RV 2 B0 R 0-10 AL
10~20 * NLE 20~30 2t NGB RO sk (2 R
) HORIEE v 2V 30 2 N oy B GRR BV g FORY AE (2
NUTFR )AL 30 20 R G (R ) o 1) 53 B R R A G 3
e T R B
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(P4)30 Fp 4 #7(30 % 53 ) ™ B 3¢ -

W BR W ¢ SEIKOSO31-4000 ffi #& » 30 2 5y iy . A 7

FIEE Y s 30 F BN BT (o SRR T AR B b AT
R A R YRR e (= SR

TE N RS G2 R RS
FoF A o FEOH N R

(Z0)12 55 & fJs %9 (Cooper Test) ¢

VI 36 66 0 SEIKOSO31-4000 5 45 » [ 5 i AL & 4 -

W B R R E Y f e o B RV @

R e MCGH ) - )@ B Fl WS R 12 5]

o m [Y BHLEE o [ OE B R RUBY T R o RUSREL

RV H PHEE o

TR SRR RUER TR A BRE o BN W A I Y B BE (2
) o

5

l

&

——

1
L

—
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N ;Zill ;IVQW _ij =0

4 3-2 ﬁﬁi“’#E” R ET T FLI
% A~B-~Cz Z22Z3R{F

0w ¥ - R EEE R % e

T g 1x5 2 x5 3x5 4 x5 X FRE 5§
, ©w B30 )

wEH | 3x5 4 x5 5x5 6 x5 B B ,
Lo | kAR

Eoarg [1x10acfext0ac|axtoace [axt0ac |y PP F 00D
POV R ¢

BB [1x102c j2x102 ¢ |3x102c | 4x102c |Fooe

(F &= R)
EEERE > BT S AE DY RBE

FPRRESHFRI OB YED
ment jump,CMJ) ~ #f % & (hurdle jump) -

% (alternate-leg bouncing) °

/le ;5 ;3’” ;'Rw

(= )™ " %" (counter-movement jump,CMJ) :

Wi o 3 H A e
S R = ] R PR 1
W@W@%W“Eﬁ

cr

2 S

2P
5 o g1 S 5T

T R

s
—=

=1~

"’ == o

i €5 =

wr[

M-

g fl

)

o

F)L.[ M-

Gl
lﬁhw3mwgﬁg

f»l’[
.l
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RS (hopping) »
TEORUAN R S g

@R SR R
%%ﬁﬁ‘@j%wf
Y
%3*@%ﬁﬁﬂ%

= . 5 I
I_I:4}\§3’;Rﬂa°

"5 MY (counter-move-

5 W
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(= ) 5 (hurdle jump) :
R KL AR AT (R 132 20T~ 6 26 2%~ iyt 44 B3
R S TR R G AT [ I 2 50 2 o0 *ﬁﬁl]ﬁ_'%‘“ LAE AT O F
?ﬁif\. Bl IR LS = B iy PR S 71/[' Doy - AR BB e
A G AR TN o AR R PR ORL 30 Fp o = A o R ET R PR RL 60 FF e
[ @wmw%@wwwﬁwOuE%FE'?w°
(= )Ml 5'7‘[?(hopplng) -
RUH ) PR 2 N SR A R &
By B gﬁ (B (7 T [flj)’ FP10 22 NOBHEER SR 0 37 - - AT S
PR P AR o YP KT U TV B A Bl o AT R PR RL 30 F o BT R
L60 A - & EE S = VR AR -
(P9)%5 # % (alternate-leg bouncing) :

TECH S E”%ﬁﬁﬁ(ﬁﬂlﬁ) PSR Jp Tl & BB PR G A B
ECET Hp) > )10 = N EER AR > SV - - A S T H T B
Al a7 JJD‘EIJ SR RE B o A [H PR ORL 30 AR R ET R TR
RL60 ) o & E S = R -

(D)@ AR B B S S5 o) B R

PP PR 8w - 2B 5 5 57 S s (8% - FIpy L7 2

RN I A ORI - TR e el R S R L R o

b

;EL\./

Wk

140
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T i gt (CMJ)
®10 = R 3T K §a
*30 = & A K i R
*304) + T B4

®12% 48 (Cooper Test)

[ 3-9 R A [
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Lyl

P~

+ ] PR G T AT

C R PUH L] SPSS 12.0 49V A FE 2 BE I B S R R )

ﬁ”“ﬁ%¢%@%%°

LA AE W E BT SigmaPlot 8.0 3£ [ Y GG B
s R R Y sY AR I P B (matched) T 20 S

ot

oy A e ARl AR R Y R AT = B o TR
R A BTN AR R ST M7 (one-way ANOVA)FY | 5k N
ORIV R A B YRR RS R B £ B PV
o IR R R R R R S R BRI TR B R
57 #1 (one-way ANOVA)[Y i % 1+ H & » -3 ¥ ¥ & H
% B P LSD ¥ 3E S U P dE [ AT RO R @Uf%' B
MIFTH St t B EFF Eps B ¥
F LR D TR AR F R J‘fﬁb?ﬁ?f p<.05 -

B
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ST A E S

F DR RO 8RR R g
Bl R v B G Al N 1T e A

ST A KBRS W R R R Y R

5y &y~ M E B (counter movement jump, CMI)IEY & 3

Y= )~ 10 Y NPT R R B A R

FYPUAT ~ 30 v LT Bl R S N G R A S

an 30 Fp A (30 2T o3 ) B E R
5y kAT~ 12 5 &t )0 B (Cooper Test) I 3¢ & 3

ST~ B HTREC A A TG R

ARG Y TREN 21 B RS T e
(CMI)S A8 5 (R8> RS 558 A~ B~ C 2 » H A5
A£G A8 9T IO 5%~ 10%E 0% GHE H AT ) = AS R R B -

el SN GO S RN T Il T S R i Ly e ol T
IR DN R 10 2 N B 30 2 RT RS L A
30 FF A A b BEER 12 o e ) B Py R AR s 3 Y 8 ﬁsrd
AL I R Y S R AR Ry A R G
HOATE = B o A TR R RS B R
RO AT = R A R R Y A B (p>.05) [F};[* S
PR R AR D ) R WD A KPR DR S
L o PP (R 4-1-1~ S) Rl BV 0% 5 R A B0 BT Y i RIA -

ﬁ
75 —v—rk.
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*
Sl N
,L
1
=

MJ RS AF 5T A Tl T 1% Y R B BT T iR LA

fg fl ﬂ;j T Ay A Fl E“ A = Al F @ %g% {3
A ] 12.893 2 6.446 0.275 p>.05
A [ 422.448 18 23.468
= W 435.340 20

o 4-1-2

10 Y NPT 3R B Y AT ] BV IE Y R B OB BT AT B A

CEIR R Ty A FIph g =y Al F fifi e NS
A [H] 0.205 2 0.103 1.469 p>.05
A 1.256 18 0.070
Bl 1.461 20

% 4-1-3-1

30 * NSy EEGRE 0-10m 5T AT [ B[R YRR A B BT b iR B

A B VR Ty A FIeph = Al F fifi e NS
A [t 0.073 2 0.037 0.102 p>.05
s H 3.774 18 0.210
= B 3.848 20

. 4-1-3-2

30 ° Ny Bt 10-20m 5 A [p] B[ A BBy o) AT iR R A

R FIE 15 A I S
A [t 0.015 2 0.007 0.175 p>.05
A7 1.342 18 0.074
EX- 1.358 20

28



. 4-1-3-3

30 NSy EE Gl % 20-30m ) AT [hl BV E AR B 0T AT i R1OA

CR R oAy A FIph 5y Al F i = NS
2 0.056 2 0.0281 0.094  p>.05
A [ 5.385 18 0.299
ER: 5.442 20

* 4-1-3-4

30 * NUnb A 5T AT [ BT IE Y R R B T ATl B

figh Bl e 3)@ Ty A Fl F" 5! =y Al F fggj %ﬁ% S
EEl ] 0.012 2 0.006 0.730  p>.05
A [ 1.152 18 0.084
= H 1.528 20

F. 4-1-4

30 Fp A AT(30 55 ) = BF Sy A [E] B E E AR B B AT ol R

g E‘ P IR T h A Fren g A F il B
] 32.000 2 16.000 1.160 p>.05
ai' | 248.286 18 13.794
= K 280.286 20

% 4-1-5

12 53 G jid o Be o3 A5 [p) BV R B B 00 AT il R A

R R T A Pl s A F il R0
A ] 14523.810 2 7261.905 0.046 p>.05
Sl 2849771.4 18 158320.635
= K 2864295.2 20
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g ™ ETET(CMI) BIR A

R
RV RCUDEEE SN RN S

Aoy Y& o PR RN AR o) o 0 B = A
B AY Y AR R ) B PV B T (p>.05) ¢ [ ] CMI Y A &
L BV 5 I 5%(A AT )EL 39.12+3.76 2 5 I o
10%(B i) % 40.2£4.61 2 57 ® 0%(C i )4 fijfl i #5 38.29%5.92 =
3 e A [ﬁJ@T'[‘zkj%Eé?%% Ui (e 4-1-1)F a3 o

A 5 AR i B S R O RS AR AR
FHUN SRR RO TR o RER R SRR R R A
T 7 (p>.05) o H T il 5% (A i)~ 10%(B AT )E 0%(C A )
il A {53 Bl 45 45.11£4.10 53 ~ 46.00£6.06 ** 57 - 45.38+5.21
oY e FEEMEH RGN0 (R 4-2-1)F A o

-

Ho04-2-1  CMI W £ B IS ¥ B i@ BB 3 P il Bl &
@B T T LAl g% 5 A T
A fH] 2.932 2 1.466 0.055 p>.05
A [ 483.876 18 26.882
= & 486.809 20

* 4-2-2 = 5N EFEE(CMI) FF?’V Pegg (248 il s AR R )
s RL! i Rl HF W
A= Bl TR AR YE T B 2 ¥ FEORWHE

A 5% 39.12+3.76 45.11+4.10 5.99 p<.05

B it 10% 40.2 +4.61 46.00+6.06 5.8 p<.05

C 38.29+5.92 45.38+5.21 7.09 p<.05
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U

£ AT BT B (CMI) Y RO R A T AT B i
R A BRI AT R 2 A RN R WD R R
v % B (p<.05) » & L7 N M EHT(CMI) Py Ay a7 A 30 - = A8
ROV RS AR A SRR Yl AT R B oS AR A 3 (p<.05,
5%:t(6)=-7.15, p=.000<.05, 10%:t(6)=-5.17, p=.002<.05,
0%:t(6)=-5.77, p=.001<.05) - 5k f Jp ™~ ([l 4-1)A1 (& 4-2-2)

N

60

1 A-5%

B-10% —
501 B C-0% T

N
o
—

—m}
—=
i
—
X
5
E=——1

|_
NN
N

w
o
1

BT EHCMI(CT O3 )

=Y
o
|

W41 S RN RERR ] RO (T T s g e
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BV Z] 10 7 N B

- RN P

BRI L0 2 N SR B S AR - REOH T R
RO AT R LSS AT B R BT B (p>.05) 0 BT
A S ED [ TR e EDRS R O3 M KD 5% (A FZ)4.45%0.14 F) > 10%(B
A )4.310.2 Fp I} 0%(C A )% il A2 £ 4.5410.39 F) > H Hifid ~ &
PRl % 8% B A TPV 4,15 Fp e i P RIS YRR A0 (F 4-1-2)

A

—wm

5 S 7 A A P i iR Y o R OR R TP SR B
AR (g A Fi AR A EE A B Y % (p>.05) H Tl G 5% (A
)~ 10%(B A )R 0%(C A )4 fil A {05 Bl 43 4.46£0.2 F)
4.40%0.2 7 ~ 4.54%0.28 F - & @ BRI FIH5 C A 5.12 7 - &
A~B A= Caz Bl 5-0.08F ~ -0.14 7 » A= B A [l 43
+0.06 Fp o o BIE Y BRARN U(F 4-3-DFFr A -

Fo4-3-1 10 NPT R B BIME Y RS BB BT LA

C R oAy A FIph =y Al F fifi e NS
A [H] 0.0590 2 0.0295 0.552 p>.05
A 0.962 18 0.0534
= W 1.021 20
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SR i =

T 10 Y R R B 7 g B A H - 5% (A B )T 0%(C A
RPN A E R E B H % (p>.05, 5%: t(6)=-0.78,
p=.941>.05, 0%: t(6)=0.57, p=.956>.05) > (! kL 10%(B i )fiy 5
AR E B L (p<.05, 10%: t(6)=-2.49, p=0.47<.05) > ¥ i {
o (R 4-3-2) A1 ([ 4-2) A

F 4-3-2 = 32 10 N NP R R sy A Vg (I8l R E )
TRy Tagagex 0 0T
5% (A i) 4.45+0.14 4.46+0.2 0.01 p>.05
10%(B 7) 4.3+0.2 4.4+0.2 -0.1 p<.05
0% (C 7)) 4.54+0.39 4.54+0.28 0.11  p>.05
koo F
6.0
1 A-5%
V2 B-10%
557 B2 C-0%
@ 5.0 1 _‘7 ) B
ﬁ'gj 4.5 T - 7T
c - N
T %
3.5 A
3.0
0.0 a4 | R | LRSS0

) i

B 4-2 = A 10 TR B B T i g e
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SYPU AT 30 2 NST R Y R B A

~\%2Nﬁﬂﬁ@
(— )~ A [ Pk

K30 A NS R E 0-10 O NS R T B Rl A B
WOC A VR b B Vo B (p>.05) BT B 0-10 0
LR fE AR 2 R R [ TR e B RS AR AR OT M 5% (A
') 5.03+0.27( N/FF) ~ 10%(B i) 5.07+0.28( N /F)I] ®
0%(C 5= ) 5.01+0.27( A /Fp) > 30 » N3 E i 0-10 % R 5T 5
Y[R EE E fee A I (R 4-1-3-1) v -

70030 2 NG R 10-20 NS B R VIS H R DA R A
B== Cil VHAZEHFH LA E (p>05) - i g% 10-20

PUpu e R S S AR ] R IR o HRY AR AT ST RS 5% (A
) 7.18+0.29( N /Fp) ~ 10%(B i) 7.29+0.57( N /Fp)I]®
0%(C &) 7.16+0.47(" "L/Fp) - 30 > W7 E ™ 10-20 2 AL 53
AR YRR A NI (F 4-1-3-2)Fr A e

K030 2 NG B E 20-30 2 R OT R R RV CH B PTGE R OA
B Cai VM AEEEL A E (p>05) B= %50 By® 20-30
SR Re A B2 AT V] [l T I e EDRY S A  T IR 5% (A
) 7.1420.31( NU/FF) ~ 10%(B A) 7.26+0.69 (F RNL/Fp)I) R
0%(C i) 7.24%0.57 (2 "/Fp) - 30 2 W3 FEgh & 20-30 % NS
A [ﬁJ’?’r[ R aE N U (R 4-1-3-3)Fr 7 -
(=)~ A Pk
° 5%(A FE)30 2 RLGT EE R

R 0-10 2 NI R 10-20 2 NG A A R B
T Y A BT = B (5%: t=-0.30, p=.773>.05,
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t=-0.24, p=.816>.05) o ffl kL » ¥ 57 B3 & 20-30 ° RS AR
hOURE R ET S R O R B B (5%: t=-3.00,
*p=.024<.05) - FEAFT 30 7 MUY I T A G A (R 4-4-1) T
® 10%(B A’ )30 N B

GTE A 0-10 2 ANE 10-20 YNGR M A t AR R
oo i s D R E B Y B (10%: t=1.35, p=.226>.05,
t=-1.16, p=.289>.05) | ;7 FE i & 20-30 * "R A (AR A t A
N HTA o R W MR R 2 B (10%: t=-2.74,
*p=.034<.05) - F i1 30 1 N 57 B R S SR (e 4-4-1)Fr A o
® 0%(C )30 * N T

7 Bt % 0-10 0 A= 10-20 2 NGEHM MRS the kB
Ao e Y e SR R B A B (0%: t=-2.30, p=.061>.05,
t=-0.40, p=.704>.05) » {f/ kL5 FE i & 20-30 * "M 4 t
b gEa IJ ) R GERE A B (0%: t=-3.11,
*p=.021<.05) - FF AT 30 7 RLGT R A G A (R 4-4-1) 0

% R

X}\

F 4-4-1 30 N NSGTEBAR=ERNFHE &

0-10 = "I 10-20 * \I 20-30 * F

(> RN (> NTF) (> NTFp)
A- ¥ 5.08 £ 0.27 7.18 + 0.28 7.14 * 0.31
5%t % W] 5.05 £ 0.19 7.20 £ 0.36 7.42 * 0.49*
5. ¥ 5.07 £ 0.28 7.29 * 0.57 7.26 * 0.69
10%A2  m gy 4.99 + 0.22 7.32 + 0.57 7.41 + 0.74*
C. ATM 5.01 + 0.27 7.16 + 0.47 7.16 + 0.57
0% A= %W 5.13 + 0.30 7.19 * 0.45 7.44 + 0.35%
*p<.05
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+ 30 A N GE
(= )~ A [H Pk e
fﬁ AL HEFT M 30 & NUAy AR AT E O A HE N T A BB o AT
R hERIH B (p>.05) 0 R 5 A 30 2 RUA AR RSO R
[fil B g o AL B fﬁ A 30 Y Ny AR B5%(A AT )4.8+0.2 (2 NL/FR) -
10%(B 5 )4.74+0.35 (2 "/Fp)I] % 0%(C 52 )fv 4.8£0.3 (* N/
Fp)e iy 30 2 NUFT RS R[] R YRR A U0 (A 4-1-3-4)Fr e
W5 B R YRR ST T AR R e
Bl oy Mmool K o R VR R AR F R o BE G
(p>.05)° B 7 #4 fif] =2 481 ¥ 3£ 3% 5% (A 52 )~ 10%(B i )= 0%(C i)
(A 55 Bl £ 4.7320.23 (2 N /Fp)-4.74+0.32 (2 N /F})4.7+0.27
(7 NIFp) 2 300 2 NE WY R Y B R B B0y AT A (K
4-4-2)Fr F. o

o 4-4-2  E 5 30 2 NGBS AE Y R E B B &
RS EETET e 4 Al F i B
EElT 0.008 2 0.004 0.053  p>.05
SN 1.364 18 0.076
EX- 1.372 20
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it
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5T & 30 Fp A AT(30 257 ) N BFEIE A

SRR Sl

L B T B JE TR BT AT A ) W Y S A 5
FA R B B (p>.08) 0 YRS ETE A e M
il 5% (A ”')m 33.85+3.02(% §r)~10%(B #' ), 33.28+3.14(7%
Br)l) R 0%(C AT )KL 31x4.72(% B) o [l UV IE H B A OO0 (H
4-1-4)5F 5 o

T U B N PG N O E S R E BT YR SR B A
PR B ROy AT R R R R R IR B (p>.05) - H
M 5% (A F) ~ 10%(B 52 )% 0%(C 52 ) (&~ 55 Jjl £ 38.14+4.29(-%
§r) ~ 36.14+3.57(-V ) - 36.42+4.08( N ) o AT E B EH Y
R0 (& 4-5-1)F T -

% 4-5-1

-

FA 307 A AT(30 7 5) N BB WIS Y B B GCOT 1T B B

o {kj RS {j A A Fl E S = Il F @ «%EEQJ/, &

CERTE 11.143 2 5.571 0.367 p>.05
a; K 22.929 18 15.163
= 284.071 20
# 4-5-2 = 57 30 Fp A A1(30 F 5) )F‘/ i;? IR (T R e
cr HRA e o Rl HE
= TEpaerE o Epemws -0 ARE
AR 5% 33.85+3.02 38.14+4.29 4.29 p<.05
B it 10% 33.28+3.14 36.14+3.57 3.57 p<.05
Cai 0% 31+4.72 36.42+4.08 5.43 p<.05
#ooh o gy
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Do R

=R Y F R R Pl A Tl (p< 05, 5%:
t(6)=-2.72, p=.035<.05, 10%: t(6)=-2.8, p=.031<.05, 0%:
t(6)=-4.03, p=.007<.05) - E 5 H i~ ([ 4-4)F1 (% 4-5-2) 77

=1~ o

50 7 5%

A-
B-10%
BB C-0%

40 T T T

30

B (V)

-

20 A

10 1

30 #1(302257)

iR H

B 4-4 30 F) o FHT(30 251 ) bR BT g E B
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5T &y 12 53 i J) 29 (Cooper Test) ¢ &

S 1l

}I%]’ GRS A AN B BN - S I B U R - B
B R LS AR VR R R B T (p>.05) 0 BT E
SRV R R R R T - H T g R 5%(A
71)1882.85£310.52 * N~ 10%(B #)1911.42+470.79 * NI ®
0%(C i )% 1947.144396.09 " o [ T7 1% & E& & 41 (& 4-1-5)
B A o

5 AT N e E S O o TR B fN T A B R O)
e m A YR AN B AR AR AR
(p>.05) = 5%(A i) ~ 10%(B & )i = 0%(C ' )@" Mk % I 1 149 f
=V (AT 5 ) BG 2200.28+242.9 Nl ~ 2168.144253.35
RUP W 2147.14£273.4 2 R H O B H BRGE N Vi BOA I (R
4-6-1)5r = o

F 4-6-1 1257 g of % 5 Y AR X B IE Y RS B IS R R R

g R R T A R i A . S S

A ] 10029.429 2 5014.714 0.076 p>.05
A P 1187671.1 18 65981.730
= 1197700.6 20
* 4-6-2 = 5 12 o) g )y B Ry s PRk (T 15 S AR IR L )
o H” FJ"J H % 1 > gl %g%
" R g A v - 1K
A’ 5% 1882.85+310.52 2200.28+242.9 317.43 p<.05
BAi' 109% 1911.42+470.79 2168.14+253.35 235.71 p>.05
Ca’ 0% 1947.14+396.09 2147.14+273.4 200.00 p>.05
gk
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SR i =

T2 5y ey R G B 10%(B AT ) A 0%(C AT ) AT AT R
4 EI W Vo B Y (p>.05, 10%: t(6)=-1.82, p=.118>.05,
0%: t(6)=-2.38, p=.055>.05)" (E kL i [ 3 &1 & # 5%(A i)
(p<.05, 5%: t(6)=-3.51, p=.013<.05) » * 7k { 41 ~ (|4 4-5)7]
(% 4-6-2)F7 4 -

3000 7 — A5%
eZ222 B-10%
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[@\]
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eI S A COVRTE TR i TR I o
oo K EETI Y S AT MRS
SRR DR L TRl (g E T
E R E RSN
VR A A RE R DY
R EEE SN RN
U E R RN
AR TR ERCER E U

A

b
—
= =
maaiSaant!
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\ \T \T
—m =
LAl
S

1
=
]

11
—
=
'Tl
\J
A
r \-F' [y
T uuss ST
. Py Py
LA S
<

- 8] PIEFT B R R B
TR

Wi da =8 7 (PT) = I ARLT SSC Er%‘qau#%&*ffﬂ f&iiﬁiﬁr &
ST Ep P EE S A o R R - W BROGE E  pY pe
I 5k Ty 74 5% v (Komi & Gollhofer, 1987)< % % I') %’5 R Y
T SSCOHTEE S IR Y B e o e RS T s Y AR
&k Ft o5 A7 i iy ad N &S 5% (A AT ) ~ 10%(B A )8 B aS = 0%(C
A )P AT e A i%tﬁwf@ﬂgi, S 5% (AR )1 39.12+3.76
Y3y EAHSE] 45.1124.10 53 - 10%(B AT )11 40.2+4.61 O 5) E
Z] 46.00+6.06 ** 53 A1 0%(C i )l 38.29+5.92 * ;) & # Z|
45.38+5.21 55 o = R E R PV R A A L AR (p<.05) Y
FER R oy AR A T IR RGLEW L AR 5.99 )~ B A
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5.8 77 53 = CAl 7.09 2 o) o =k N B S 3 T [Rl Frood B E1 (5%,
10%% 0%) .V 367 91 % 3 g S B0 1138 @y 3 9 BB (CMI) ™ i fi9
fiE 10 LS F R A BB (p<.05)  (E AL T A R B3
FHE O B (p>.05) 0 (SR K S RE T PO SR 0 i
RLFLI]FUEU R S S 0 R AE 9 I 0% F 10% 1 ] 0
RN E RS S T O S R R 0 BER CMI s kR
AIRERTE Ei R e N A e N R e A ST A
(Clutch et al., 1983; Brown et al., 1986; Gledile and
Marshall,1996; Timmons, 1996; Potteiger et al., 1999; Malisoux,
Francaux, Nielens, and Theisen, 2006; Impellizzeri et al., 2007;

= %}é’?z} ¥ A > 2003) o

S8 TRIP SRR Y EEE AR ETE
Ry VB 2

10 = Npro B I e BUpY = for o e 58 B £ T AR R
BRI AR b N O L i1 A S A DO R (b 1 R S “IJFA'
%% SSC VRl « iy A A A IR - 10% F1 Er Y R
¥ OBF S SE = () 10“[¢ﬁ’§%p1 PR S I W
o R R PR YR (T 4.3 F LW R 4.4 )
p<.05) = [#~#< Komi and Gollhofer(1987)py % HITF[H Ry T
LY Sy T A RO 2 BURUR TR RO LA Y R IE PV SSC L Y R
M S AE M o AR EE S TR (R] o A e B Y E’%JEJTFJ?’B’F?
RN NN AT e el e R 2 I
HEE DN B (R S F) SSCSE B A I R AR

T S v T SR R AR B (MBS PER DY 109
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CERN S S S N RN RN VR
O TR DN P RS T 3RO A D R ) £ o R
o anLJ i Komi and Gollhofer(1987)%r 7 3 ffi 6 §E%] SSC i
T Jpl o T A o Ty S T R Y AR b E R e e gl
fjiﬁﬁ Hm OB A8 G B R R wﬁ& KLy 9
U B QR PR ) S LO%EY i ED) RS R SSC Y T
ﬂﬁ%ﬁﬁ,m@%ﬁ@i%ﬁﬁw*ﬁo

57 = A TTFIJF'”F“FHE' *E”Ff"?”‘wﬁﬁﬁ@
ERARS 72 4

e SR ) R AR H B RO ) ] 30 2 ugmgugz,;ﬂsp
PE & s B By J[Iﬁ@ BT R Y pe e e A PR RN 30 T Ao B
THe o B%(A ) ~ 10%(B A )= 0%(C AT ) o7 Byl e 0-10
SONEE 10-20 XN R BV R REER Y E R [
LT O B R 20-30 2 RN s L R ERT SR - T
I B¢ = = Diallo, Dore, Duche, and Praagh (2001) ] %
Kotzamandis (2006) fiv P-4 i 1 o5 A 0 AR [ - o 5 PT 2" A =
R | i #1b) & B W % py fs )0 (10-20 Y NUER 20-30
R) e SR Zt’TWJ° POl EE 2 H O Bl F > % Kotzamandis(2006)
PE IRV B E G [ o Fp U e AT B R 9 2 R R
9 [ FL FE PR ) T A jﬁf o7 B ?‘}B 73 AR 0T B R R
20-30  NE BE G E W )F‘j Hji*% T A AV F AR R
5% 10%% 0% = A2 ¥ fic % 5 & F I TS 20-30 2 N S
@ﬁﬁ}&pfj—ﬁ:-p s F=TE gﬁg\lﬂa% ; pfa];%«gpciﬁj?ug A9 B 0~
10%pY Fi B3 3l 5 3 pv 7" Al i 0 ST 30 28 NLOT B g v 20-30
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R ﬁurrfwrgﬂfrﬁ'%ﬁfﬁi 0-10 2 N[

f:l EJFITHP 4 55[?“*@“51?“ ?”HW AIREAY @%ﬁug“ﬂai’r%ﬂ °
g e A N P TR e kL 5 G YR Al PR R T R o BT R R B R
n\ﬁ&jﬁr%\l °

—_E

SYPUET TR Fr oo F“Flgl B 3 A SR B
TRARE-7%

30 Fp oA AT BN BEHIER o f- S OGE S 30 2 oT iy il
CEWE HE S E NS ED o BB w1 3 i
SERLETPE AR . g R B )0 27FC )0 - Costello(1986) K-t}
BT 9 20 R A Py %?{H& HUE T B bk A A o BT A B R
oo AVEEETER R F R - RIpv R o Fp K > (R0 Saunders et
al.(2006)f0 FE % 4 ¢ 37 9 R ,1@ F*: S B RV HL A 5 ) o %
Ry R F B B2 RIRUIN EE ﬁé':ff o (power) ') &t fA] I i o
%@c‘i*' rrfFJll > 4&1?%’@? i A e R DR
LRl 5 G ECRNTIN N - -UN R S ) TN SRR = Hl
BB = E B R e T EE Y A B R R (p<.05)pv £ H 3

NV e P N BE 7oA F o B AT BN g
EBUA O I Al i B T I (I o B S A

i IF= A

i
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SR RLURE S SRR b
W VB

i’ﬁi%a’%%’ 12 oy Gyl B py R gL B SR Gl 5 A Y T
PR R R RPN R E 0 10%(B AT )FT 0%(C AT) Y
AL B Y A B T (p>.05) 0 (ERL 5% (A AT )R AR I E R E
v 2& # (p<.05) » 7 A Pk Y AE W HEplEp 5% AT pu 2" A 5 0 =
Saunders =~ (2006) 9 =% A6 WO R 0 T f TPV % D f
RN R R e ol e (B B e B S PR R L
FooF )Y PR éJ BH G Py A g '[ﬁ LRI (P O N (S I
(running economy) [l & 8 ¢ gy LA 2Z | Ei’sr%*il fif 0 By RS G
EE ﬁ'J ERaE Al ?EL?IJ B AR P PV A 2 R e RLEE ﬁ%‘ﬁﬂ
gk )y (power) py A - S [Ny R P G0 A A I A RS I O
R LS B A N RS oA LU = S R I W
| Fﬁ% |’; fil 1 # == Paavolainen & * (1999)fy =% &fi W 3 Z Af!
AR IR s B *z‘}i 3 1% py s B (explosive-strength) '
oo BPRTE S 5 2 RN py ) 2 AR o S0 E RE R AV A& Wy
2o ARy o E Gl A PR YR N O BT 0~ 5% 10%
FrelBRET P B e e fe gy S E v I 28 7 A s > FUT) 5% BT 12
o3 Gt o B PRy R A ST E R PV LA B o IR e Y RN R
e = 1) 4 (0%) Ay i (L0%)pv g1 g f&-Ht 5 1 9 = =UF R S
W ﬁiz\_ﬁf TRE I g A Y E‘ff Y SSC = M iy A A (R Tl B K
FE92 E) B[ I kU E Bk S e ) B A PR
CARC R I G R R R AR G R
~ 10%fu FI B ET BN GE S 5 H Y FT R o JII S%pY R AR B EF AT 12
53 Gt B R R ST HTH A B
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9 F (BB )R R EEAC R AL IR R B FY 10 2 NPT R Ea S ]
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9t o HER 5% 0% HIIAE R RUE U FE R 2 T e E P
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i
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W = RV A PR R R (p< 05) Y 7 Al 5
o R = R R R PV A B 7 (p>.05) -

Co SR T oY B R (R E) 0% 5%~ 10% VK
90 (PR )R RSB BRI AR B EEY EY 12 o) S ) B
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