RzddiyEd- g
National Taiwan University of Physical
Education & Sport
EHERFAFE AL
Rl

Bt FEEFARRPEL 4 F o)
THE EFFECT OF EXERCISE TRAINING USING
STABILITY BALL ON THE BIOMECHANICS OF

JUMPING

hERE LM k¥
EFRhERET K

voE 3 | 101 & 7



W LA BN IR GAEREA S Farik
BP B 8LF
Fefedrlew M2 23N TERH A FEREELATS kAL
BEETIHEY 1008 2RSS 28 ML HheRhE
ISR S hERE I8y 21
LR EIELT #L

E ¥

Poad * RAEFRtd pigens NF B B g N R Fud Tk
HoaR A FeEFHoedRe LR Fheand o wpwad RN
TR E -k EYR e ANEFFIR IR - FREDESFAR
g oz B s avd gt 4 2 R B R DR U A = BE 8 B R o b
dom R GE AL THERGT PR T &R
W2 P g e VR IR R LT oL @ *Ib“ﬁ%%‘?*ﬂ*ﬁﬂfmjf
FPAE S TR LI F G o KA S VAT I
SEHBENDRE A A - ﬁv,;mmi{@ ﬁ,l},ﬁﬁﬁj.jﬁ
AT R @ AR g o P i(a) £ fwﬁl%%#ﬁf‘xﬁ g f 3
Rk B Mga oy o(b) =5 @H*"#EJ I i #

R F R Eohd b Sl 3 ﬁﬁiﬁﬁﬁfﬁﬁg
wﬁ&m’fﬁ—iﬁﬁ%@WﬁJﬁ B 2 R AR ég~%\m4/
HWFH RO R TR e iU SN PN C - 3K R T S -

BB F o2 2 4 %*@:o 'M\*ﬁﬁﬂ\ tH TR R AE R Rk
AT %ﬁgkljzz&&g pApd RS2 L8 8% 1 (a)
MEatwpPlesrhErs 2726 BRI REFRE > B £5 &
(VOomax )~ v 4 102 gt RO R - (b) AEBEFF 2 54 § Sk
P RFZ B MM REF R AR F S %%w\ﬁwﬁa%
B Ayl A RN A RM SR LRSBRMEERY £ RF S o (C) ABE
2R EFZR MM FERIRE > PR RSB RN AP
PR BRI FH 4 - $H BB RS RERIRE TP ER
ﬂ,gﬂ#,—ﬁf]’ﬂ‘wﬂ”—tnﬂ’:! ;—Faj}@\}ii,;\ .gt‘rinénéz!opg.péf,b% bﬁg:g‘ pig,:
A SHAM A EFT R G EFRE oD BT
Mg did @& kB RE 0 T ﬁJt%@gabJ’jﬁy%@

LU

(w,
\J
o+

~m

.
—:j"
2 g

\\



MBHEFHE P F 4T L 2 F A

(\x,

MatF @i of s Mg o BEF R



The Effect of Exercise Training using Stability
Ball on the Biomechanics of Jumping

Abstract

Nowadays, there are three main types of core strength training:
traditional strength training, progressive strength training and strength
training using a stability ball. Strength training using a stability ball ( Swiss
ball ) to improve core muscles has been a common method. However, the
previous studies about training using Swiss ball only focused on specific
action. Few of studies have discussed the effect of training program.
According to the American College of Sport Medicine’s ( ACSM) training
guidelines, a training program should contain s set of trainings including
cardiorespiratory endurance, muscle strength/muscle endurance and flexibility.
Besides, anterior curciate ligament ( ACL) injury which most often occurs
during landing from jumping is a common lower limb injury. Previous
researches have indicated that core muscle strength training for trunk stability
could improve the parameter of biomechanics during landing. Also, the
published researches about for muscle strength training only studied the effect
traditional and progressive training. Few studies had discussed the training
effect of strength training program using a Swiss ball. Purpose:(a) To study
the training effect of three-month stability ball training program on the
health-related fitness. (b ) To estimate the training effects on the
biomechanical parameters of jump landing. Methods : We designed a training
program using Swiss ball according ACSM’s training guidelines, including
cardiorespiratory endurance, muscle strength/muscle endurance and flexibility.
The health-related physical fitness assessments and the biomechanical
parameters of jump landing were recorded before and after training. Pair-t test
was used to compare the difference of the parameters of physical fitness
assessments and jump landing before and after training. Result : The results of
health-related physical fitness assessments indicated that the VOgnmax,



muscular endurance and flexibility have significantly improved after
three-month stability ball training. The resulted showed that the flexion angles
of trunk, hip and knee joint during jump landing were increased. Also, the
knee external rotation and ankle plantar flexion angles during jump landing
were decreased after training. Besides, both maximal jump height and take-off
velocity were increased. Conclusion : There were significant training effects
on the cardiorespiratory endurance, muscular endurance and flexibility and
biomechanical parameters during jump landing related to the factor of the
ACL injuries. The training program using a stability ball in this study is
helpful to improve health-related physical fitness and to reduce the chance of
ACL injury.

Key word : Stability Ball, Physical Fitness, Jump Landing, Anterior Curciate
Ligament Injury
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F ;W R =¥ (reverse push-up) N
4z *# ;¢ ( progressive tabletop) g
e Z LR F & 3 R (kneeling rollout) oA
7 7 %32 % (supine rotator scissors) oA
g4 e (Csit-up ) g oA
F o4 4= & (back extension) gl 1 I
PRl £ 8 B W (supine reverse trunk curl) g o
R BB & ® 2 (supine hip extension) oA
Bl g on 2 M (sidelying lateral flexion) Ok Ao

13



02-6: 4 g N 2 A R b iF

IR -2 iR
¥ ¥ o # (ball walk-around) 5y &
Ao E s igox A
( standing partner stability ball chest press)

B A H £ 39 42 (alternating partner arm press) LR
P ¥ %9 (supine dumbbell press and fly) LRI
B 4% T £ (lat pulldowns) B #F s

% 2-7: ¥4 3 T oM 0T

# it L ERL L S
Ll B S RO 7 " S A T | Wow BT
( hip extension and knee flexion) B8 U 2E
% B & *x # ( push-up position hip opener) B oToe
BEAOH B s w R Wow BT
( leg-hip-core multidirectional control) Efs VU
¥ wr g #& (single-leg rotations) o BOIp T #H
P B o%r g b (supine leg curl) Wow Ep
f M & ¥ 2 ( prone hip extension) B {s UL 2¥
Rl G5 AL B & ¢t B (sidelying abduction) b B o
B kAL M & p 4o (sidelying adduction) CEL

# it % fii_ a P o osu
= Eg v T B (seated triceps dip) 5 Z g v
Wl 4 = B v By 4 (biceps curl) L
My 4 = B v R (incline triceps extension) 2 = Ep o

14



B A RER DL R ERF S T2 o d &R
e E AL e e o e P M AR FE R BT s
E TR IR S A LA S TR LA O U P A
R P e e st 4 0 F] g I F Fu4 3R ok B FE R DR
oL Ryt s e A o ",f K LB G R & S A L R
oy B fe s g R Y Jd R GFRNEER N EE R T
B de £ 2-9 47 5
% 2-9: A4 W B & (T

IR 4 LI

fe # v E ( posterior trunk stretch) B gk v
. fg v @ E ( hamstring stretch) B {4 vU R
o B osv ¥ B (abductors stretch) < R b B v 3
nJe e #P B (adductors stretch) SN N L =4
3% 57 @ g s~ ¥ ¥ E (rotary trunk stretch) LI N A I R
e Eg 9w B (quadriceps stretch) Wow Ef WU
sgﬁ_ag UCH BT B G LES Eu;- Ll B 4 AU
( gastrocnemius / soleus stretch)
b2 - g e B ( bicep stretch) 2 - Ep v
2z g ve @ B (tricep stretch) LESE
B4 e B (latissimus dorsi stretch) B #F v
59 = v @ E ( pectoralis major) g & v

15



»k

Kl/‘

$A% BIAARH D

£ -8 %L RY
AL EXFEF S IS PR AT ER - F 2§ 4%
A ST

1.k p 2 - 84 > & 7 <~ FNRE2F 79

2. 22N B R 2N A oFp2 EE

3L E N E T RER G LT ETF R A

4. K % & i = 4 3¢ ( stability ball/Swiss ball) % < 32

B & # (core muscle training ) JF‘{ °
G AR AR RDBE AR AR ARLE A
A 231 & p e EFLRARMBITE DR R L2 P
FHPMF GBI PP RFEN 2 ERD
Sp B RH B FAEEBFE AL EP R TR TR
BT AT N N RV FLELERT %
= % ( Lower Extremity Functional Scale [ LEFS])) > 4r
B2k 24 A~ 5 804 fir i@ * 3= & M A L 94
AHE AT T RS R AR LR 10 FEF RSB
AT EFR BRI HETHLE AT R LG 10242
F B ERELRMTER L F L8 b F
RN RFTRE R THREL P S E LR
FAEAAAHIRFTHE T RS ZFELBFHT RSN
Lower Extremity Functional Scale ( LEFS) ™ % # i =
Hpl £ » H 2 % 40 & 3-1 %77 o

16



/?‘J‘E‘ ]:_% i
B £ I P . ;% s
i s il
i % (cm) 159.1 + 4.7 158.7 + 5.1
W £ (kg) 58.4 + 10.5 58.1 + 11.7
LRk
FEaE 23.0 + 3.3 22.9 % 3.8
(BM1)(kg/m?)
73.21 % 8.0 72.61 + 8.8
& F (L -+ )(cm)
B F (cm) 96.38 + 7.2 96.23 + 9.4
LEFS 4 # (4 ) 77.6 + 3.6 77.6 + 0.5

— A% 3 2 2 2
= = ng"’fzﬂtfiiiﬁ‘l’

A R EFE R - B ER PR T LR GF SR
PR CE LR R o MY 2 F A e R AR K
FEREFFER RN PES P RRA - KA 2§ o
F R O~ o ’é,ll “zﬁ ~ U 4 ?” :’ﬁ MR WO E # ;L“gj]{lj?ﬁ!,&ﬁa’%_

4 %\' 3'2 ”’Li'{]'

%03-2: MM S BB 0 kPR R R

% P R
R 2 = %
E B o A 60 A /=
o B iF 5~10 4~
o i GE 20~30 ~
LS 3 20~30 ~
R F W 5~10 &
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F - FZ @R G - B LT DR R
FH AP HMEREMEDFEER > R EE G TR L NP
F ook F R F 2030 4 4 dn 4 koo W H N X P
LirRF FERFAMNAEN (F 3-3) &7F %L T b b gad
it kR PR R AR Z TR o
% 3-3: 3 §F AR A

% fir % ¥ e S R
4_# (walk) #@ % (running) V % # (v step)

B ¥ B % (march)
B & % (step touch)
{6 9 = (leg curl)

B 2 # (side touch)
B 7= ¥ (grapevine)
L g 4 (half squat)
#r i1 gk 4% (heel down)
& & (mambo)

t& ¥ % (cha cha)
EE
(out-out-in-in)

V F # (v step)

% 75 # (diamond step)

L

=N

~ il 45 % (knee up)
> B 9 (box step)
B % 1> % (step knee)

B & B dEH
(jumping jack)
T 7 # (scissor)
# # #H (swith)
& % (pony)
H » % (shuffle)
w
(pivot turn)
4% # H (swing)
i % H (kick)

LA S
(mambo cha cha)
LI SRS
(repeater knees)
B 7= % (grapevine)
I ST
(leg curl)
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U
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¥ 4 BE & en

it 4e 4 2-5-

U 4 %‘,xl K
> g ﬂ *
SR

w
3 Iji N - g,xl
- kAR

A fe A5 B
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ST I AN R

HOE P U

LI U Jggg B AU 1Y

2-8 #f om0 E & AR g

LA S
P kR
I AU S U TR
R e
R F

»

r:c
Pl



PORPE

B 3 C) 2

PR R

o b E B

A_WH A B OE E R
BoH LS

s 0q w+ R

<
A
k3

5~10 %~

lcaﬁﬁﬁq

A +d4p IR
#ow w+EE o3k b oG
(S-S SR - S LI
BT+ B R #
T R I Sl CO 5 s A

Ji

20~30 4~

U 4

ok

LI
£OE g R
B G ED M & b B IR g
BF T2
KB e b
EE S T
P 4

20~30 »

W OE

i
b

5~10 &

20



PiE RAREARA

R SR T NS A IR N I NS

It

BRI % o 2 P R R AR TR R Y 2 o3
s

XH o Hw kR BEXE AN LA °

N i )

AR %k 2 PR FF R AEd VICON NEXUS & &~ 45 %
% (VICON NEXUS motion analysis system, Oxford Metrics
LID.UK) #t 4z & » @& * 8 52 3 % P % > @2&?1&«%?%;%%‘
o+ oz F ke (markers) & Bl % FH L 0 2 * VICON
NEXUS % st it ¥ % 2. F £ o= 3 & ¥t R4 F F &

RPN IR

T~z apdt F R

A %k 2 % 4 & F o £ d KISTLER = & il 4 # & %
( KISTLER force plate, Type 9260AA, Winterthur. Switzerland ) #t
e B X REFBHEFS F R G R FY TR o TR
B #g vt o5 g & B (A/D converter) 2 VICON & i & 47 %

Bk oh e F R R c B B FhF R s SRR R
PR TRREFHRES TR R EAT AR S Ed

# 4 5

\%?{x-

# oo

NN R R O T3 - S~
* P Bk 2 R E oo o o B8 E @ * Sensor Medics

Vmaxst ;4 % ( Sensor Medics Vmaxst,Vmax29C,California,USA)

RN S-S S SN N A E A R A A G S A
oy ow R BRI REEL AEEF R
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BT oM B FEE AR B FW 30-45 04 0 A (8
e RIH T RES R F AL - 2 FoARDH %z
R nmEREEFARE L EREE R ERETY
B R B

z ~ 4 o3

A FF O R Y - AR oa RO R iR 4 oz (Swiss
ball/stability ball) ( B 3-1) % & 7 5 < v 4 & & 2 5 > $o
bk ¥ Roen k) E JE 5 35~85 2 4 o 4 ozk 4 ] 2 E B2 2
4o B 3-1 %2 % 3-1- *# 7 2 L+ 3 % - 5 Reebox = @
( Stoughton, Massachusetts, Britain) #r d & » ix B X & iﬂ" .2

BEBRG RG]

B 3-1: Reebox #= # 3t
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Fe & REAAEEH R

- B EHEaRANE
o244 g g B T B kAR B 4w g LR 7o

F_L
(Eé

Bty TR

FHmT o FAEAFERFERLFLIRLE 2
FEA&RM G A E LR (o L EpN T HE
LA A S SR I G S - - ADRIE - SR
VICON # i & 47 % sty & & & p* B # F ( counter movement
jump % one step run-up and vertical jump) 2z & # & % # 4

Fhdc ot A g 7 5 ACSM vt 4k Bl 48 59 R
(curl-uptest): ¥ ze 4 H & #ic~ & X %5 £ o % K Bl v 2 3
R KRl e

e Bt Y R G 2 R B4R Z B R
PR RER > AT FREF L EAFRREXRESY LR

P g A SR N FERS TR LR

14
[
3

i SO TR ER N - S L BVAE S
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HEZEAELAAETHARNESF

Reach-box ACSM # B Bruce 3 ¥ # & VICON & 1 4 #F
L& E AR Al H A A E A ENE A

[ | | | |

ZEARLAEE S IIHRES

Reach-box ACSM # 54 Bruce 3 ¥ #% & VICON & & 4 #F
I &g aE Al B A A F A A EHEE

EHAE R 5 H#

Bl 3-2: F %% it A2 B

= ~ ACSM # 5 @l # (curl-up test)
BRHRFELSFRESFFTEE (ACSM) “r & 2 3l &

IR vvat 4 0 > % (American College of Sports Medicine,

2007) » Bl & & 5V 5 z’;é—‘ﬁ g T By % 90° o B E 0§ 3 B gl

AR fdp 4 AR RER T RE e R BEA YR 10 2 4 b A
#

ViR

RE- B S RFRFREEFENZPE - XRTEHBEAR
= 50 beat/min - X il § F & B & 4 R 7 # 99 (curl-up) &
T BT E R A RRFRERE R (SRR LY
30°) B PR AT HFF RN TR G R RBE R
k- A 25X KA FEE - A e F 2R YRR

gt

ot R om oA - A (TR S R R e AR SR o B
AL 254 0 AR s s REFEM L A 3 BGRB8

24


http://www.amazon.com/s/ref=ntt_athr_dp_sr_1?_encoding=UTF8&field-author=American%20College%20of%20Sports%20Medicine&ie=UTF8&search-alias=books&sort=relevancerank

ey i

B 3-3: ACSM Curl up # # & i B

( From : Answers.com 4 # % 4 © www.answers.com)

= ~ Reach-box A #& B B #
ﬂk‘*’%i%ﬁfii?di‘_%{%?i@ﬂiﬁ'ﬁ%%??

R

(ACSM) b if & # # = ;% % & 7 ¢ 2 (ACSM, 2007)

Bp % ez &2 PREPF R > &% HRPFRT R

SRAE e UH] o AR X o B L B o RS G
RERFRER L EARFRAN S BL Y gt R
ool FEAF G TR DR AR R

OES

ft
E:d

B e W P L T AN R BT 248 BAEY EWR

N U R - S A T

i

R T N h

B 3-4 : Reach-box 3 #t B i #F
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http://www.answers.com/

.

\,\‘,‘H‘,#MJ

R’ #

*F &t Bruce % % & < £ 5 F P RE i 7EH
‘?eﬁiéﬁc%i'é‘%%é?iééﬂiw’*#n’m‘*:}ﬁﬁi’w:ﬁf»"i?*ﬂﬁ‘biﬁ'léi‘i
= 5
LpgdEd o % F ophz L B> WEFESFE 2P
R e
2. % % g 7 3L 5 A P E R RS R
AR I N = gl A
3.B E B 4 0 2 B Bruce & < £ ¥ B Bl F B 2 (
3-5) i 7w Rl R F 3 A AL - PFEH e H R OZ
#RE LI FFERSHL L
4. e < £ F 2 EE
S RERBPARMFLE - A B R w2 LR T
I R

% 3-5: Bruce & * £ 3 & Bl FIF K %

FE B R (44 ) |# & (mph) g B (%)

1 1-3 1.7 10

2 3-6 2.5 12

3 6-9 3.4 14

4 9-12 4.2 16

5 12-15 5.0 18

6 15-18 5.5 20

N I I - 2 SRR B Sk

1w g i 3 & & 0 b 20 95% 0 F (EB Lo gk K

=220-& # ) o
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2.0 ¥R e K oL A F o
3. & %

(B 3-5) 4 # i 10 »

Nothing at all

[4)]

Extremely weak
Very weak
Weak

Moderate

Strong

Very strong

©C ©® ® N OV A~ WN =2 OO

—h

Extremely strong

B 3-5: & & p

I ~HERELSHTHREKE

A 3 &% VICON & iF & {7 %

PRI R E Y TR TR I I
(-) A ke

hoiE TR BT R oW O AR A

# e B (wand) > & Bl 3 & ¢

27

1.0 -
IR R E 2 @eop £ 4 £ 4 (Borg, 1990)

o

Fove 4 2R

an %

(just noticeable)

(light)

(heavy)

(almost max)

( RPE)

E

-
Lz Kk "‘F']:;t’féq*
B E PP R R



WHEP>RE F T A2 2 FALA o 2 LA #FE KD
(L-frame) = & F % % A 4% % > " m & F % F g
R e
(=) A ®#+ R FHBE

ER AR LD AREXREFLF  BEF A AW
# F £ (arthropometry) > > iﬁlfé_%éﬁiﬁ S ;AN N (O S
B h SRR T F KRBTSR
(Z ) &pF % &3

BRSO AN LM F ke R ek
P MR R ar B @R 0 3R F L 250
oo A 3 % 4 Helen Hayes ™ % F sk £ 25 2. 4k BF 2 ;0
WRFEF L P 333 F bk o = 4T R 3-6 2
3-6 #7 57

3-6 :

]

F ok B e AbBE OB

28




+

3-6: F ke AR RE B

1~
. A B - B = v B
7N
o oS Lot
AL R
o LT S R
% BF .
& R
T
Ao
L A
b T = v
B ow bR
B 5 R
B oz
ﬁ‘;ﬁ —\ﬁ:}- :T_‘\f’"?lj
S O
LS N 5
3R kR
- L] = v
¥ 2 ook OB O
yrpd (12 k)

7
PR FE AR AME AR R (MR

) i iR F R A 2 A E
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,\
]
N—r
k4
=
Ric
S
it
-
H\
Yo

AFT O A A R F (L B BB i
- mER Y F Lt e @k PIREER o 0T H
% B f B

1

. % ¥ p* B (counter movement jump): = E q

B PFoxb 23t 4 b F PR T 0 D

AR ok <~ o2 & F PrE > X odp F 2 Ho g 3k
( Swartz et al., 2005) - 2R {& p &Rz 4 &+ > p

A ok R F 5 1000 A o oo

Y

14

2. % # B+ (one step run-up and vertical jump) : %

TS B AP N4 w2 F R b
Hfg» f e dBh - 8 5903+ > HRL ok
o * o2 F PR X dp 2 2 Hog 3k ( Swartz et
al., 2005) 2 & p R EF 3 4 5 1 5 Pl 4 F o kO
% 4 1000 A % o

A LR AL - R SR )
HEF AR 2 PEE Y 28 0 AN ERRE DR R
wod 6 A % M i Jg ok (low pass filter) i g dc & 3] 2
Pl B S EFR e B AR EE L 2 F X
HEM A Yo o E R T AR E
1996 #r4& M 2 ¢ WA FE Y v ppHZE -k RELRAY
- FoeE REE KT
- f % #% > o £ £ & (Euler angle) =

¥ %2 Paolo,

Be 1 2 & %
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FE N RERE E R AP E NN T

Ry = (@, 8.7)= [Fij J3><3
SaSpSy +CaCy SaSACy—CaSy SaCp

= Cpsy CACy —Sp
CaSpSy —SaSy CaSpCy+SaSy CaCp

EA S a\B\yéff‘Jﬁ.)’ﬁ?ﬁJ‘/_TF&gfﬁﬁ@i‘rl

ﬂ = Atan 2(_ r23am)
a = Atan2([,,/CB,T,,/CH)
y = Atan 2(T,, /CB,T,,/Cp3)

& * McConville (1980) # 3 2 = ;% £ & 2 s g F &
2R o 2 @R R (1) e & 4 8 (Inverse
dynamics ) 2z Rk 3 * ¥ 2 #H — £ P T f&r > fg 50

55

( Newton-Euler equation) » & & B & 4 & & 4 & o

F.=ma-F,-F,
M, = 1Q+oxlo—[M, +1,xF, +1, xF,]

2 FALggans s 2 MR HFE - adlx

BEepd gk F,LgB oM e 2o F Lk g e
g 4 MR Tl &S e ML en b & 4 &)
L Frlgsomd FoQLuame i o 0L
SRR A
(=) % &4
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1.9 3 B @ o prBE PF YR 2 %R (toe) 2 F k&
RO L N S AP S WA (A S O
BB % & (height). & @& F F/F 2 2% 5 % 2 F
Koo b M EBHS R I ARSI (R F
W) FT R R .

2.3 m K IEF 4 R BrEEOEF R OTA A 2B E g K
T % 4 i@ & pFRF oo

3.UEH F S G EE B R EAEY NS B
VIR I T S I IR A

4.8 4 B F B E FEBRHEFF ELCEME S B
BEoa 0w 2 BB S E T R e a4 s
:{F_vo

(2) &3 & H

AT OO - Ak
ZARMAFAFTRFTHR(LF ML -ZTREHFF) L
T R R L 2 2 R ERF R T T Bt
# % (pairttest) ks 4 P REFH W22 P HF
P (L2 P E Y2 BEHPE) 2 8EawpaEL (o
@t 4 4p Bk~ ACSM # 53 ol 3¢ 2 2 reach-bar 3 #t & Rl %)
L R AT O %Y A8 SPSS 12.0 %R & 7o

R AP E S RE IR DR

=4

af
NN
¢

L

Ao Tk p< .05 F B OF KB oo
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FEF 23

AT LR FEHEHZ B WA B E R Y R D

HHMg L E:pERITLSSF SO E S T RE -

RER D RB G R R o

F-o08 BEHARIFEFERAMYGE R DR

RGN W B 2 o W om 4 s a4 o2 3 iR R % e
4-1~ 4-2 2 4-3 %7 7 o % % B 3 > B0 Om AE b
RS EHGOEEL
(p<.05) » d 2% ¥ &> - 22 EoB MMt kR

2

T

Jir

F_k
8

S G- 0 SN L N N -

Sy

)

fooo BT IR B 0 TG s e R R4 o

8% w4 (ml/kg/min)
70 - %
60 -
50 1
40 -
30 1
w20
10 o
=% 0 -

£ (ml/kg/min)

| s IR

B 4-1: < % @ 4 % B 5 *p<.05
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2 & (cm)

S

P R E TR AR 2 FE R - R B EF

gm,{,ﬂ‘- 4

P R N DN W
o O
L

o
1

iR

B 4-2: svamt 4 ¥ B 5 *p< .05

=N 4
50.0 - %

40.0 A
30.0 A
20.0 -
10.0 -

a0 P i Bl

B 4-3: 4 # & ¥ B 5 *p< .05
ZF MHARI RESYRAPE F S
EAE AR S Y

FEREE A S e A R
Hid P BRVREPE LS F AT

=

i

if ( counter movement jump ) = 5 B % Bt & # T (one step
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run-up and vertical jump) » & = = 3 3§ & (¥ 05 B % B 2

3
%

g

R

100.00
80.00
60.00
40.00

£ ) (ms)

20.00
0.00

80.00 -
70.00
60.00 -

£50.00 -

< 40.00 -

2

4 30.00
20.00 -
10.00 -
0.00 -

AL CEEE (R SO S SR S N

-8 4 2 B 4 EFRE A B 4-4 3 B 4-5 7 7 o

2t LEHEZBNHPERE FRF Y G

0 iR s P
FE b AL e 4 2 F 4 PFERF S *p<.05
Fr b sLE A 2B 2FR
kLR i3 iR
Fr sk 2L E 4 283 pERF; *p<.05



4-6 :

B 4-7: &% BB

8 m vk K LB F RS g_ixﬁgﬁ
2. 2 B 0 BFE kAL E FFR S x;rj,u
WL iFar A2 HFRE - o F 4-6 2 4-7
Bois LB BB A A 2 F R DR R L

ERFYRT BN BE AL F R

F TfE- * 4 < %t\g@% ’é)" ﬁﬁ"f; ’ fE @@3 "é‘,ll ‘éﬁ
i 3 o

Fpisr ik AL F v 4
4.00 -
3.50 -

< 3.00 -

Ezm—

Z 2.00 -

ol 1.50 -

~ 1.00 A

0.50 -
0.00 -
i$ R
ECI T TR S S R TS A - N S
FR AR EALD KT 4
6.00 -
5.00 -

54%—

Z 3.00 A

%1 2.00 -

<

1.00 -
0.00 -
t4 3Rl
Fop oS or R R L LB K RS

TR

& M T W

—n
¢



0.30
0.25
0.20
0.15
#r 0.10
e
e 0.05
0.00

(N/BW*ms)

o

[

o
1

# 4 F (loading rate) @ ¥ ¥ {5 f &
LI A L x;rj,uﬁr.%ﬁ.'?

[t
=

0 it (7 B RS LT B A B H B

FARESPRT 5 F P AL NF

A e

a0 7P (=

K
|l
=
e
i
-

5§ H 4% 5 *p< .05

A e




R T L - A N S LI T
grp? F ok kR w2 £ 3 3 R
2Bt ) o 4r B 4-10 #F 7 0 iF
TR R B ESRT (p<.05) o 4o B 4-

WML FEN R R TR R B R ML
o *E R ¥ LR

i
F
wE

& 5 B E B A2 7 % g 2
(

Ll TR A S

"

AN SN R S B L i

[EEN

1

0.60 -
0.50 - *
gOAO .
= 0.30 -
020 -
0.10 -
0.00 -

B 4-10: £ 3 p+ B & X BPE 3 B 5 *p< .05

0.35 -
0.30 A
025 -
E 0.20 A
0,15 -
e
0.10 A
0.05 A
0.00 -

B 4-11: B % B & X P B B 5 *p< .05



%

C EF R FM S AR Y LR
S L A - N I ol
LAY A ST SRR I s A )

ki
<

Ris B HhpE ¥ pR
2

Bom o> e iF

b
<

Do B 4-12 4 g 0 i B3
#5

al

A

=

7

’é)l"gﬁ—é—]’, )
LB o4 @ 4-13 om0 iE
BB & B & R vk ) 3 iF

A drEFLR-

W& R A A E

B & &R

30.00 -
__25.00 -
* 20.00 -
= 15.00 -
j 10.00 -

5.00 A

0.00 -

R

s P

B 4-12: £ 8 B ¥ # g M AL M & A ¥ & & 5 *p< .05

R & v & R

35.00 -
30.00 A
o 25.00
a¢ 20.00 -
4 15.00 -
&
= 10.00 -
5.00 -
0.00 -

ELR
B 4-13: B % BB ¥ » B P IHM & A d & B 5 *p< .05

=



S EF R BB ME Y AR 4B 4-14 2 B 4-15 st T o
BEFERRE LR EBESEFERE B
R W AR AN ERIRD o L FEHDRD ST EEF
i3 o

B E Y & B
35.00 -
30.00 -
¢ 25.00 -
at 20.00 -
:;15.00 s
= 10.00 -
5.00 -
0.00 -
a0 B [
B 4-14: s % pr g ¥ 2 B A M & B o & B 5 *p< .05

BB A Y AR
40.00 -
35.00 A
22
o .
s 20.00 -
Mrd 1500 N
== 10.00
5.00 H
0.00 -

a0 B s ip

Bl 4-15: B % B B ¥ 2 B B B M & A ¢ & B 5 *p< .05
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