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The Effects of Maximum and Speed Strength
Training Problems with Sprint Training on Ball
Velocity of Excellent University Baseball Pitchers

Abstract

The purpose of this study were to investigate the effects of two
weeks maximum and speed strength training with speed training on
ball velocity of excellent university baseball pitchers. The subjects were
twelve excellent university baseball pitchers, groups assigned was depend on CMJ.
The players’ information (average years, body height, body weight, training years)
of the group A were 19.7£0.81 years;-175.2+3.1.cm, 72.3+3.4 kg, 9.2+1.9 years.The
data were analyzed by SPSS 15.0, the significant level was o= .05. Result shows 1.
1RM: after two weeks training group A’s maximum strength of upper and lower
body was significant improved (p<.05) form 80.8+3.8kg - 126.7+8.2kg (T1) to
84.2+2kg ~ 135+8.4kg (T2), respectively. 2. speed: group A had significant improved
(p<.05) form 126.1+4.5km/h to 127.7+£5.5km/h . 3. blood lactate: group A’s latate of
specific pitching test was 2.15+0.51mmol/lI, middle test was significant reduced
(p<.05), the volume, 2.25+0.47mmol/l of post test had significant different with
middle test. 4. CMJ: group A’s pretest (45.4+3.9 cm) and posttest (49.9+£3.8 cm) had
significant different with middle test (48.1+£3.8 cm) (p<.05). 5. 30m speed: group
A’s pretest (7.08+0.15m/s) had no significant difference with posttest(7.18+0.22m/s)
(p>.05). 6. strength volume: after two weeks training strength volume had no
significant improved. The part of relationship: group A had lower relationship

between ball velocity and 30m speed (r=0.136). group A ‘s upper body maximum



strength had high relationship with ball velocity (r=0.602). group A ‘s lower body
maximum strength had low relationship with ball velocity (r=0.18). group A’s
lactate metabolism rate had low relationship with accuracy (r=0.371). Using two
weeks maximum and speed strength training with speed training could improve

ATP-CP system and maximum strength and then improve the pitchers’ ball velocity.

Key words: lactate, ball velocity, maximum strength, lower body power,

speed strength.
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s fom & R4y | 238 D IRM=(& F cm-100)x 3, &
EHg P
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HF P FRE TR 1.3~15
=]

(Haber ,2001)
(Z) SpfRAE SR =R

H YRR STRTH b S R STRTR ) IR R S
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ST PR

N J‘}SPSSlS.Oﬁﬁﬁﬁﬁ’?%pfjﬁ[;ﬂ[@m;%*tjjik FITT By~ sy ) o T8

HAEORI IR A < O T REIRT T P23 SR 105
BRI T s s ] S S0mi - N BT i

AR AR ﬁ'F%J%J(Person product-moment correlation coefficient) 55 7 %j||

LUV LY AR

(= )ERE30 mifl't AR P

(Z) HREA R J/ﬁl%glﬂ?g{r
()N RS ﬁlg}gﬁgg@

(M) 5 (R B e o e 2 ﬁ[ﬁﬁ S

+ {fi ™' ]Newtest power timerj T’?ﬁfaﬁg » Sy PTELET30mMR T
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P~ BE 4 1| SigmaPlot8. Off PRI [ -

-

s APV H YRR AT p<.5 -
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SR RS

BRI A B PR AR PREERENT SR - B R
SRR IER - BREFIRHIA 5 o ﬁQGk‘iﬂ%%#%“jﬁ
PR PR ENE IERIRY SR - - R R B
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51~ & ELII(IRM)

T-1A 5 RSN RU A 5T [5G 80.8+3.8kg ~ 126.748.2kg » B AR
80+3.5kg ~ 110420k > [i:' % f £ 0.8kg( /) » o SBT3 Bl (p>.05) » MG
16.7kg » 3 BE 2 E(p>.05) » A AT AT VIR ST VA SRR 1 R
84.2+2kg( %) ~ M ¥ 135£8.4kg » B AT [FIERAVTE 5T WISy RO A
:ia%fdfﬂ diigh > 95 ET, 77+44.5kg 0 M g8 EE 114+15.2kg 0 SE EEG 7.2kg((HE) o

SEEAE B (p<.05) » M ET 21kg o s EEE 2 B (p<.05) © 1%k 4-1 B

F 4-1 A ~ B fa i I (IRM) T IS A s
1RM(kg)
Test-1  Test-2 Test-3
I S I S b

A 80.8+3.8 126.7+£8.2 84.2+2 % 135+8.4 % 84.2+2 135+8.4

B 80+3.5 110£20 77+4.5 114+15.2 77+4.5 114+15.2
Diff. -0.8 -16.7 | -71.2% =21 % -7.2% -21 %

(% p<.05) A n=6 ~ B n=5
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w A

[ 4-1 £ A~ B Ryt FE R SRR USR8 AR T-1 £ 126.124.5km/h »
B 5 1% 122.6+£3.9km/h o A T-2 SRt T-1 #4#] 0.3km/h £ 126.4+5.9km/h » %
S HAE 2 B (p>.05) » B A T-2 SR EG 117.8+6.9km/h » =2 A F7 2 B £G 8.6km/h
S, 2 B (p<.05) > 7 T-3A~B Ry SRl o5 |l £ 127.7+5.5km/h ~ 118.7+4.1km/h »
AT~ g D 1.6km/h o AR B(p<.05) 0 i AREEE BAE T3
BIETG Okm/h > 33 B 35 B (p<.05) -

* %
A 1

| ¥ |

140 - | |

T T T
120 A T T

160 - oz A
B

100 -+

80

60

Pitching speed (km/h)

40 -

20

Test-1 Test-2 Test-3

[l 4-1 BRAS (AR I A (BYER TR Y S (o p<.05)
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el il

14-2 H5 B0 RAL (AR R (BRE MO ER R IR T-1 T2 T-30 7 e -
?iT-lAT”n’f@jf&?j*«gf,FJ\JE[J;, Fr i E[V 2 P& i £52.15£0.51mmol/l » 7 T-252T-35)
H] £%1.63+£0.36mmol/l ~ 2.25+0.47mmol/l » £ [[IT-1%T-2 £ £5-0.52mmol/l >
(p<.05) » Ty T-2Z2T-3fiu3£ £ 4%,0.62mmol/l » (p<.05) = BAZ T-1%T-2. 7k i 1
2.09+0.86mmol/l ~ 1.82+0.57mmol/l > T-3}[]£%1.91+0.67mmol/l > % T-1~T-2~T-3
VR D SRR T-122T-204-0.27mmol/l > (p>.05) ~ T-2==T-3(~0.09mmol/I >
(p>.05) -

Lactate(mmol/l)
—
—
—
—
—

Test-1 Test-2 Test-3

42 BYBRA (AVE i (B)T-1 ~ T-2 ~ T30 F i - (% p<.05)
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SAE

AA-280A ~ BRI T-1~ T-2~ T-3Uff-pEapizt l o o> & T-1
p@&“jkﬁrf SERIEREIA ~ BAs oo o3 B[ £54.59£0.35mmol/l ~ 4.5£0.57mmol/l »
¥ 2 # EL0.9mmol/l (p<.05) » T-2f[1 AR 7 P £ 3.87+£0.45mmol/l » B £l
4.03£0.64mmol/l > = B £50.16mmol/l > F 3 B = B (p>.05) - 57~ ﬁ’ElfJEJJfEJ?EU

= AR EL 4.46£0.86mmol/l - B A EE 4.79+0.93mmol/l > [ VR Y A R

0.33mmol/l - F 2 Hfg = Bl (p>.05) °
#4-2 A ~ Bfya- JE5RE ﬁ SERRIER T BE (mmol/1)T $5 il s A vE s
Glu(mmol/l)
Test-1 Test-2 Test-3
A 4.59+0.35 3.87+£0.45x 4.46+0.86 x
B 4.5+0.57 4.03+0.64 x 4.79+0.93 %
Diff. -0.9 0.16 0.33
(% p<.05) | At n=6 ~ B i n=5
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ST T ETEF(CMY)

R UPiE4-3 > AR IOT-LR N £145.4:3.90m - BRI

43.5£3.2cm > FAE VA B ERL.9em o A E R A B (p>.05) 0 v 8T VRV N R ED

HIFRAT £148.1+3.8cm » BAZ [I[ ™ [ 2 42.542.3cm » i #  [l]2 B ER5.60m > S E

H A (p<.05) » FT= CRPUHIERARY T 151549.9+3.8cm > BAY T 15£343.5£1.9cm >

¥ 1 156.40m (p<.05) » 7p AR T-1Z0T-2 « T-220 T30 BIRshfl o 49 Frflr]

e T S
IS
L
—
=
o

Rl (p<.05) -

50 -

40 -

30 -

20 A

10 A

Test-1 Test-2 Test-3

[pi'4-3 T RRAE (A)ZE A (B) ™ 2T (CMY) © (5 p<.05)
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57+ éﬁ‘ 30mE

F 4-3 17 A~ B i 30m S (m/s) T H s 5 A S T-1 ORI T
7.08+0.15m/s > B i &% 7.04£0.24m/s > = £ 0.04m/s > 4 ZHEHE = 1 (p>.05)
AT VAR A~ B R 30m i (m/s) 53 ][ EL 7.07£0.18m/s ~ 6.98+0.3m/s
A~ B A VREZE L 0.09m/s o E R 2 B (p>.05) 0 7 T-3A 7 30m R
7.18+0.22m/s > B 3~ il £ 6.99+0.32m/s > At I filfivz B £ 0.19m/s (p>.05) ©

CEIE4-4 > A 30m P g VR T-1 (Y 7.08+0.15m/s RS [ R

FEJE ] % T-3 19 7.1820.22m/s » £ fl £, 0.1m/s > {F1™ o S 2R 32 £ (p>.05) -

% 4-3 A ~ B fyaz 30m % (m/s)T 5 fifrse fgte
30m(m/s)
Test-1 Test-2 Test-3
A 7.08£0.15 7.07+0.18 7.18+0.22
B 7.04+0.24 6.98+0.3 6.99+0.32
Diff. -0.04 -0.09 -0.19

7 n=6 ~ B 5 n=5
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30m (m/s)

7.6

7.4

7.2

7.0

6.8

6.6

6.4

30m

Test-1 Test-3

i 4-4 He g (A)ZHE R (B)T-L ~ T-3 30m i (m/s)F=+it
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ST TR

[14-5 A BB PR~ HORDBR AERL RO IR ART-L
TRV A B E559.73Kg > A5 ﬁjpvﬁijjg, R ?';@ s T T-24 BT A
B % ] £160.28kg > [HZ T% - {21 (p>.05) > 7 T-3pUadifl B = — f‘ {5 SR

S 7 A 4 455968k T-22 B ER0.6kg (p>.05) » T fiAE BRE

iy

T-1T-2 T-353 | £557.04kg - 56.36kg ~ 57.74kg » 72087 2 B! (p>.05) » %A »
BT 5 BT 2 4 (p>.05)

80 -
=z A
70418

| Bhehe

40 -

Muscle (KQg)

30 -+

20

10

Test-1 Test-2 Test-3

45 RS (AT @)1 8
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ST E] e

q%ﬂ 4-6 £, A~ B pxj“”;f’s}“ﬁ*ﬂ{ FRRIEE D v SRl > T-1A ~ B it o SR
SYIIIEL 46.749.896 ~ 31+10.8 96 oy #3% I 17, 15,79 » 3 &, 3% |l (p<.05) » 7 T-2A
AUET 45.8+12.49 5 B A5G 33+169¢3% B £ 12.89¢ o A B £ (p>.05) > T-3
YA~ B A [ E 36.7414.7967 2249.796% I £, 14.79%(p>.05) » 7 A »

B [y [ |19 BH 2 B (p>.05) -

70 ~

o - 1

o 1]
|

20

L

Strike (%)
N

o
—

10

Test-1 Test-2 Test-3

[l 4-6 drken (A= A (B).Y 5k (% p<.05)
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STIME] HREE T R ) £
— ~ SR 30m R

(DA 30m =3V Al

B 4-7 AR T-3 4L SR/ 40 12142.4 2 136.7£1.8km/h VT > 30m % fI|
£% 7.05m/s == 7.33m/s > i H F EEH Tﬁlﬁfg(rzo.l% > p>.05) o JETREE FIH
136.7+1.8km/h> £l 30m 5% s 7.33m/s > £ R PO S i 130.622.4km/h

£ 30m % £ 7.18m/s -
(2)B A= 30m FAB IR j/ﬁl%g

Ak T-3 TSRV IR T AT 1145419 = 124.3+3.9km/h V] > 30m % fIl KT

6.85m/s = 6.63m/s > i U EE= [ T EEREH ﬁ'PjEJ(r:O.ZQl 2p>.05) 411! 4-7 F -

35



Test-3

140 -
A A
o A
135 - e B y=102.8087+3.4709x
r=0.136

— n=6
e
T 130 - A
E~-r =
~ A
= |\ 7 _ = A
S | -

125 +———
[@)]
E a ° y=144.91-3.7358x
o n=

i °
115 - ®
110 T T T T T 1
6.4 6.6 6.8 7.0 7.2 7.4 7.6
30m(m/s)

i 4-7 9 R (AYE A (B)T-3 Juif R e 30m St 1 F T
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PR (A D) H R

(DARE T-1 RSkl ﬁlﬁﬁ

[ 4-8 ARETE T-L4E5R D SR /1 40 110.4£2.1 % 131.3+2.8km/h V[ - HE
P sp £ 75kg = 85Kg Eﬁﬁir«%ﬁ%ﬁ(co.glg > p>.05) o TR HOH £
131.3+2.8km/h» 1Ay 85kg - H R R ORI SRl T 129.743.5km/h

S PE 85Kg ©

(AGE T-3 HRRA T AR

A KT T-3 $EERIV SR A 12142.4 % 136.7£1.8km/h V] - i 8 SRl VR A
119.4+2.1km/h 35,57, 12142.4km/h 3 £ £5 1.6km/h > FIE A4 [ 1 75kg -
B £ 80kg - /i {5 1367+ 1 8k A e [ SRS T-1 5324 5.4km/h > 35
REH 2 B (p<.05) » T-3 el AP SRt S g B 518 A1 (r=-0.602
P<.05) » = IR LS 2l iR o YT 4-8 T e
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pitching speed (km/h)

138 -

136 -

134 -

132 ~

130 -

128 A

126 -

124

122

120

118

_A_ A-Test-1 ®
[ ] A-Test-3
~
e

_ ~

y=37.8265+1.092x 7
i r=0.919 - A

n=6 7

e y=-9.29+1.628x
- g r=0.602
- A n=6

72 74 76 78 80 82 84 86 88

upper limbs 1RM (kg)

[ 4-8 WERE (A) T T3 SR 0= |1 (1RM). A1
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=~ IS (B AD) IS

(DB T-1 g =Rl JFE'%EJ

[F 4-9 B AT T-1 4R SRl A 118.4£1.6 % 127.241.2km/h VR B
TR L 80Kkg o [y R R ﬁlrﬁg(r:oms » p>.05) o JESREE U 1T
127.2£1.2km/h - E E R g Nl sE 80kg - BT R PSR H SRl 8
124.5+1.9km/h £ -7 f A9 ] s £7, 85kg

(2)B A2 T-3 TR A il AR

A T-3 4ETR SRR /R 114.541.9km/h = 124.3+3.9km/h V] o iR L
114.5+1.9km/h > 5 ]8T 80kg o 5 H IR 124.3+3.9km/h £ B A LD
SRR T T-3 AU g NP pL-8Bkgh [FE =80k 0 T-3 R R AR TR
ST H o R ATTH(=0.12815 p>.08) « il 40 Fe
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pitching speed (km/h)

128 . A

B-Test-1
- A
126 - [ ] B-Test-3
A
124 - A °
122 °
y=-120.98+0.02x
120 - r=0.018
n=5
'y
118 -
y=-109.58+0.118x
r=0.128 ®
116 4 N=5
°
114 4
112 T T T T T T T 1
72 74 76 78 80 82 84 86 88

upper limbs 1RM (kg)

! 4-9 }zt’ﬁju,%’é'(B)T-l » T-3 SR HRAE AP (IRM) ﬁl%g
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YRR (A S2) B R R

(DARE T-1 ™ A g 22 apl ﬁl%ﬁl
qia‘ﬂ 4-10 A 77 T-1 HESR 1 SR /T 6% 119.442.1 = 131.3+2.8km/h I/ fii] » M N
=AY ﬁt b 130kg > [ HF L%E%?FEIFTJU— -0.079 » p>.05) -

(DAA T-3 ™ PRV AR R

A T T-3 fEIRY IR A RS 121424 = 136.7x1.8km/h V] i E SR
119.4+2.1km/h ] £5 121£2.4km/h = E1E5 1.6km/h > 8 A0+ El 130kg
T E% 140kg o & # SRl EHR 5.4km/h £F 136.721.8km/h » ZFEBH# 5% Bl (p<.05) »
SRRPRER T T-3 U R NS P RERY LA £ 140kg > T-3 R AP
PR SRS AR T 45 018 AR ARAR (0>.05) - J11f 4-10 - -
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138

A A-Test-1 °
136 1 ——
L4 A-Test-3
134
= 132 A
= A
£ y=131.635-0.043x °
< 130 1 r=-0.079 A
©
o
L 128
(7]
2 126
N
S
B 124
122
y=111.7262+0.1186x b
120 1 r=0.18
_ A
n=6
118 . . .
80 100 120 140

lower limbs 1RM (kg)

il 4-10 #/ @A (A)T-1 ~T-3 EE‘EJ::‘*WEU%;VM%?* ﬁiﬁ*ﬁ“‘w(lRM);WrE'Efs
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IR B ) R

(DB T-1 Mg A Z=ar ?FE'%EJ
B 4-11 B2 ¥ T-1 48R0 SRyl /1 47 118.4+1.6 % 127.241.2km/h Vi » g

FAPTT IEE 130kg ~ 90Kg o [ H A %@%ﬁlrﬁg(r:mgl > p>.05) -

(2)BRE T-3 Mg ANYL ) ZEaR ﬁr%g

AT T-3 USRS /4T 114.581.9km/h %= 124.3+3.9km/h V] i H SR R
114.5+1.9km/h » L0 EL 100kg © e B kL 124.3+£3.9km/h > N RO £
110kg > 7 B A ™ b sk AR5 '”FE'FTM £ 0.349 éﬁ'Fﬁ%%«@% (p>.05)
I 4-11 7 o
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128 -

A - -
s A BTest1
196 - ® B-Test-3
124 4 ¢ ‘
= T —
= T — P —
< 122 9 y=126.705-0.037x e —
8 r=-0.191
n=5
L 120
[%2]
g
= 118 A
2
a
116 -
y=107.85+0.095x @
114 4 r=0.349
n=5
112 - ' '
80 100 120 140

lower limbs 1RM (kg)

i 4-11 $ 5 (B) -1 T-S SRR e 1o 12 (1IRM). 1
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+  FEBEFER I

(DARE T-3 5P B shak VARl
p4-12 A R T-3 USRSk AT 10 = 5096 R o ) H PR (0 Bk 1D
0.06mmol/l s » =¥ £% 0.24mmol/l-s » 738+ S EHF frﬁ%%(rzO.B?l » p>.05) o &SR
VSR 8 R 5096 0 B FTPR Y BIERE 0.24mmol/l s o bt i SR g ) E
R B 4000 £ SR Bk e (X 0.06 mmol/l-s £ 0.07 mmol/l-s -

mngG?mﬁ%$%ﬁﬁ$3W$
A vk T-3 405 SRS /i 4% 10 = 3596 . [if]» EL 27P& (4 B4k 55 ][ £% 0.01 mmol/I -
s~ 0.07 mmol/l.s » 5 I B F‘xj?ﬁiﬁ_ﬁ'%ﬁ% K (r=-0.685 > p>.05)JIljl 4-12 v

~1- o
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0.30

0.25

0.20

0.15

Lactate(mmol/l/s)

0.10
0.05

0.00

il 4-12 H0Eg

Test-3

EM-

A A
—— A
| [ )
B A
y=0.0563+0.0024x
r=0.371
h n=6 -
— -
- -
° -7
i -
- -

i A A
A

7 y=0.1494-0.0037
r=-0.685
n=5

T T T T T 1
0 10 20 30 40 50 60
Strike(%)
AVl (B) T-3 FERf Gl 5 (o Bl ot L A

46



SIEF R
j:fmuﬂglglpjiﬁh'ﬁﬂ EE R H&ﬁ J1El 5 330mﬁ@§,,$wﬂg\1§¢
B PR RINE VI B POB 2 2 R AR
BI 30m3ju 7 SRS AR SRR P O R ] T RIS R
PR NSRRI R ST AT KT LT T R

- RN R R R e R B

oS o] E TR FURAPS N B 30ma R I py s -

bl

N ﬁ{ %{E{ TEl ;« E‘H@ ”:\Wﬂmﬂfhﬁﬁkqm } quP\ [/4%2;&

P ) B S R RS S - S g -

m

Ce RS S PR Eiff}fﬁ@?”%ﬁ&ﬁ 1528 rl/ﬁlrjﬁ;
(=) Fﬂ*‘\éﬁﬁi’%mﬁ@;&ﬁlﬁ .
(=) ?ﬂ%ﬁé"?ﬁiﬁ“*}ﬂ/ﬁlﬁﬁ o
(=) ?Tléil'x?iﬂ*ﬁ?ﬁ?j*}ﬁ/ﬁl%g .

47



S B B BORTUBIRE FE R R k15 -
TR YA

ST PR e 0 j“ﬁ?*ﬁ'J = IR 25K (ATP-CP system) » 11
P ATPE R AR
?hpﬁﬁgn&ﬁ'ﬁ“ﬁﬁj/ X ﬁﬁf}zﬁi z ql’Ll*,\ ,+L[S&{#EF %l U—Hb% Ym , F[j

FO AR - ) RS ﬁIﬁﬁ’ﬁﬁfﬁIﬁﬂ%ﬁ%ﬁ@E?j i"ﬁ}bﬂ%’ﬁfm ~ A
EI T FUFC RIS YR AR AR AV E B PONERLE TR o T TR RLR
e 2B B OB
5P i 7 R (AR ) T-13) 2,15+ 0.51mmol/l » = (13t gy (B v B s 55
A AE S B s SRR TR SRR = (T
RO PR AR o I 8 S (B e ﬁfl[*xH*EF’?QZE*]F 17802 s (Pappas,
1985 ; Werner, 1993 : Meister, 2000) « [ S IR N o R T S L S
Tk (1999) R {FHeSfp (ol pr S (U SRal 1 BRI eF Pl ooy
B > fi ) A TG N S ATP-CP RS (e o (i U 7 PRI A (LS
i PSR e g EAR T R R Ak £'4%:P&'r'(A”')r“+%ZIH:)r A feb
N ENEE R F AR %F?EJ'?EJ‘JEU B SR R R Y N e
1.63:0.36mmol/l ([4-2) » ATP-CPYH-r| fL |/ £S5l 7k # L4 -
‘Jél?”iﬁﬁﬁﬁw'% AR S ST Aol e ) P a1 AR A Y- B
¥ (Martin et al., 1993) o [N/t 7" Aokl 58 W ATP-CP 23k v f (F 1 =V (Abernethy,
Thayer, & Taylor, 1990) » ' it /& 3" A > " il 1 2] 45 ST S Rl =t
(Bompa,1999) = i T feAl (AR ) T-3Hmifll &1 57 P& fifl 1 6 4 £5.2.25+0.47mmol/I ([
4-2) » IR O S B T - 1 T3 R T-2
R ] PSTREVRLN ’ffﬂ%z?s'f“fﬂigffﬁ?ﬁﬂﬁﬁgﬁiﬁ??@@ﬁﬁf‘ﬁ ' T-1
SR E1126. 144, 5km/h(&gﬁ[4 1) » BBl 5P £ 2. 15:0.51mmo|/|(q5ﬂ4-2) [ T-3

48



HERg ﬁ*ﬂlﬁ'ﬂ:& S ST £5,127.745.5km/h(f14-1) ~ 2.25£0.47mmol/I([4-2) -
PRI P Pk U I RE) PR~ IO ALED R
(Hhltman & Sahlom, 1980) » [fijJ* [A| &I = T:EEJFTJM - =<7
I—i‘f\ igfqzméfﬁ#\(zoo@” 25 { AN SRR SRME T RO RUH VPR P A R AR
EUF—TJI%(: » AN B SR A 73?7&'@% P =ty SR A AT AT A £
L T E [‘FF‘,'J ° BT > Busse et al, (1986) A U ?FH'
EEEVIT AT A S SRR o AR R R ARIE T RR SR £ T A
[l SR TS i o A S ST PRIERA e (X T OpR iR £ Fl’i"li'"‘?l"%if,i%
SRRYAT T RS o NI e S [T 5 SRR R R 2 BAR Y ¢Wﬁ3§j§‘§f
TEHIRSH 19 BT (AR) T-1 > T-2 ~ T-3 P ff 57 ] £5.4.59+0.35 mmol/l ~ 3.87+0.45
mmol/l ~ 4.46£0.86 mmol/I( % 4-2) » F° & il =4 53 || ¥ 2.15£0.51mmol/l -
1.63+0.36mmol/l 2.25i0.47mm0|/|([ﬁ‘|‘4-2) ’ f"%]’@ﬁqﬁléﬁ?i”iﬁzﬂlpf@“@iz@%
Wy - AP A

I g BN GRS U B RS B
(CMJ) ~ 30mif e  s5

RS IR [CMJEJ@*]&@F%’*¢ HEr o Rl FESE N A pARE
=4 (Driss, Vandewalle & Monod,1998) » ™ ¥ g |1 (CMJ) 7 # B (AR ) T- L &/
T £145.43£3.89cm ([f14-3) » RSP SIS R U P AR
45.43+3.89cmi% /:—*48.1i3.8cm([ﬁ[4-3) S T-1A B +2.7em o SZEAER 4 21 (p<.05) >
IRlgrss (EF ST 2008) IR ETEPVE LY CMIE SR EH Y
AN AT o ST S R (AR ) 3 Al TPV PG B FHEE R P CMI
adifN F1148.1£3.8cmii-F| £149.9£3.8cm(p<.05) ([ﬁM 3) » EIEIF R kLA ke

ﬁfﬂﬁjﬁ%ﬁ'l%ﬁq@ﬂ P Bl = EISF?',CMJ?&EJFI\Ji‘Tﬁu(WidriCk et al.,2002) -

49



erOmﬁ@ AR &R ARET TR T-1 30migt & JIEEA 4 £ 7.0820.15m/s (3
4-3) » ALY 0 2% 5 T-3 RGN £ ] £57.1820.22m/s(#4-3) >
EIED+0.1m/s (p>.05) » Al 4-3 [ '] 2 HIT-12T-3 A puiys - lﬁffﬁﬂ =
=T AP PRI Y UGS S A SR e e
Jus ﬁnJLFL%rPlZI‘L’%f#“J?Potteiger, Williford, Blessing and Smidt(1992)El'<JfriJIZl°¢Hl4
AP = R g B AR IELE T N A = ?J?Elfiﬁ,' AT > IF=9f Ross, Leceritt
and Riek(2001)[fFe= il of Syl | =23l kL %L—frﬁ'%% Y FTJ [ e T
R OHEA] > N uclsr?i_ HE Iz v~ (Klinzing,1984) -

SIS E B BRI A RS R T
RIE SV

KRR ol AL R S 5P S ] B 30mie 7
A e o e B (AR AL E RO o (SRS 2 R
59.73kg ] = 60.28Kkg(ffl4—="5) o F1 B G [i* I JETIET™ PA| g e 7 ) A A
FOFRLA] ALY R P R B P B SRR i A 0 0.55kg » A
B4R (B )T A B AR 1957.0kg ™ [ 2 56.36kg( [ 4-5) - 1))
(IRM) > U ERAS (AGE) AR R > DO RS 0 gl 205 - R R
]97580.8£3.8kgPH & -+ % 84.2+2kg(F<4-1) = ;_@ig» Bl (p<.05) > T R g

._1‘\

T 126,768 2kgHiF | £ 13548 4kg(4-1) - i (B [ FII.
PR B YRR R A ] T-LE g e T g R
1(p>105) + e U BRAE LSRR - L UBIRE A A © R
IR TR R A |0 R 2 R (p<.05) o B BT (AR )T AR S B psET s [
s TR A AITE R R RIS AL R T e 11
6 A B [T 6 OB S B e U

50



Tﬁj\ 1978) H ] Y Ay 0B 7 F BV S Jﬁflnﬁ,ﬁm%qn R
ST TERLT Y Rl ffiA] e AR BT PO T PR > RLEN ERAT A RS 0 2
EIRIF Rl 1 fgfﬁ%‘*ﬁiﬂ A FOSETOR > 1AL AT PO SR R
(= T IR PSSR o (SR e R e B ST
FE AR TR BT - HakkinenS * (L9BA)FrFitl 15— =y 2t 5 A1 A R B
FE T 2 50 TR o NPT AR R A T - B
SR PO TR B R ST R R T R TR R 2R e
Bl AR (RLACF RV A TR A o AR R g
bl MRETfol PP S o RS B oA T B R P, o R

71 &l (Fukunaga, 1976; Komi, 1986; Komi & Hakkinen, 1988) o [fi] [L{f#5S (it
:Hﬁ' BT IPE ZUIRRLUE 759 - Neumamm & Hottenrott (2002)iF4 1
B GRS R T A R A AR Ry - R 2T RS S
OB O3S 7 o P R S R AL U - R
AL RE ISR O] S R T P:wg;ww:f

T AT P B R S 7 S 2  R (AR)

SR 126,144 5km/hst #7]1127.745.5km/h([j14-1) » ARET-1 + T-3Rq 3% £l 11
1.6km/h > A 2 B (p<.05) > Pedegana (1982) and Pugh (2001) £ |F=5RE = 7
BT SR (R o R AR 4 0 B A PSR
SR FESRE BT (2 B RLa e 307 fiAESR D B[ > Toyoshima et al. (1974)#Z
NS SPFE I T R S E]5096 o BRI O ROV RS > HRRpuE A
JoE A o IR [980.8+3.8Kg B ] % 84.2:2kg(H4-1) & HEE 3 B
(p<.08) > 7t 14 1§126.7+8.2kg 14| = 135+8.4kg(H4-1) - SETF = £ (p<.05) - 37

RIS R S G R A N RO TRLESE IS SR A A
Pedegana (1982) and Pugh (2001) 45 A A1

51



cudl BE S A Eeroes LEE RS gl

= SREEI0mIIR VAR

AP SR P TR (AR )EE I IS (BA 455l % =2 30m s gl B
ﬁl%%ﬁ[\ =3 TR ¥ ﬁ%&(ﬁ%ﬂ%-?) » Matsuo,Escamilla,Fleising,Barrentine,& Andrews(2001)
FE= RS It BRI S TSR ~ SRR e SR T N R
S AETSER o JERES g 2RI S B LR O - A
PRAA > PR~ PR RE AR R clsu ZEHAN A
PRI DI AR ESRSE 30mast =5l B AT 5 iRl B (AR ) BETR30mIH S
SR oA R B (R (AR)T-L - T30 e
chIr? TEEH S ]I Matsuo (2001)?’1%;@:r PSR L B I N
Al Rt JL?/%E@% s o 2 Tz LU T RE U S I =
SRR -

= ‘;mgg{qn—pj/ﬁlﬁg
Sy R R R T SRR USRS E - RO e
Fr s PRI R AT R (R(L993) VAL I B [F 112 £ e o
Jr PR 1 o G S S P AR ) T 577(2008) 5 1
PA0% = [YPTAIIET. A0 ST SRR SR PO -
T Er BIR R AR TP S SRR (1998) S FUR R S
PR ST TR AT 1 O SR T e R PO SR AT -
FREL ~ BT R > G S P & (2000 i oS ﬁqn
L b LR RER o 2 PR BT BRAT (ARE) R sl
i - T T-1 rifie50.919 o [R5 SR A AT (0>.05) > AR T-34d
PR et A S ST R (S RETR LA - R TR (AGE) ™ g

52



] SRR UFTJI’ > T-1f 7 # 2F @%ﬁlrjﬁ; [ A ﬁg”%w& » T-3f IR
g [ﬁlrjﬁ;(r_ -0.079) ik [ L—?FE'FTJ(r =0.18) » HEgRA 3 TEIFTJ » (EIERSEE N R
JisH ffi[flj F[fﬂJJ‘J/&_——/ﬂ °

I

. PEAMEEETEL
ﬁﬁMWEEWﬁ’tJ¢EWHﬁTV§E R P o BB

EISJFIIJ. Yoo Yyt pfﬂjlz;?l/lq ,dilﬁ fPJ lﬁré%ﬁfﬂif @}%F\/F }%Elfjgé%g?qrum
AR~ SRS SRR o [ SR DA B

ST o2 3 T A VE A R SR FY > BBt S (U
FIFsy s (PRELES > 2007 ) o IRl g ASR P ™ [ o o s (AA) 7 T-3
SR SR ’<ﬁﬁ?10§+50%(®l4-6)3/ i+ [ 8 PR (@1 150.06 mmol/l-s » i
#130.24 mmol/1-s(ff'4-12) » RyF AR, ﬁlr«éja A B T-3 D 4
SRS S AT10E 35%([@‘4-6);‘/ fil] > 5% P& 53R 5 [ £6.0.01 mmol/l-s ~ 0.07
mmol/l - s([§/4-12) » 7k R i 8 74 % «E%’FE‘FTJ?‘—’LTFU’” A=) R ’FE'F—%J °
o TR (AR T-35 P f8fa 10.14£0.09 mmol/l-S([f4-12) » 1+ 54 1136.7+2.9
% > PLTF[Jq (BRI PR %ﬂ« £5,0.07+0.05mmol/I -s([ﬁM-lZ) SRR £ 2241.9
96 (If4-6) » Tt T B (AR )AERT P (R B A 1A (B )l » (EDRLI S [
T IS (BAZ) by » T [ e kLN R S S o (R i £ R P B o o
o 2 RUENER SR PR o [ e Rl P PR Y R J/I}Jll °

53



55@3’[ ;'ﬁ'?ﬁ
51— &y FT&'EE'F%

F LD 126 J\TE_IJ; IR RRIRE = (L OFR Y S R g T gl 5D
E"r%“r'g’ﬂﬁﬂj”ﬁx o8 %‘]‘ [ILHF”%F'T\ [l O o B b 30miglt i 7S SR A%
A VEAR B NIRRT S TPAIREESRLY YA i""%é]‘?m%?%mﬁ@ .
SSRGS s PR B ECEE AR U AR FTJM » B "’E’?ﬁ%f/[m 3

(=) AR T
A R OE S Hi%ﬁwi EOAE LY AR TLE
2.1520.51mmol/l » T-25°P& filidei=f » = 1.63+0.36mmol/l > Fl i SR o

#['Ef’ﬁ?ﬁﬁiT-B P '—v‘I = 2.25+0.47mmol/l -

(Z) ERE(CMI)
FOEREER S - POl DB AR R o IR SRH B CMIfR
FISE B o FHIT-10945.443 9cmEi £+ = 49.943.8cm » 2 B £4.50m > 5! fH]

SRS B B SRR o o B R Y R

(=) 30mie e B
AR Dol T RS R R B TR O R T 30ms
By S B Vs > (LE S g SE17.0820.15m/s FF| %7.18+0.22ms >

ﬁ[t Olm/S’:J\j\_"lﬁﬂf‘P %%’ —;% °

54



(P4) AP (IRM) ~ P

AR DO RS R F R - TR SRR PR
OB S 3.4kg o T N A, F[pj%,%bwaa g - TP S
B BB AR PR+ TR S

(1) 5

REEPER S BOR PR AR P SRR O R SR Y
A p[lze 1+4.5km/h ] 2127.7¢5.5km/h » T-1 ~ T-3fy# 3% £ £51.6km/h »
SRR P R

(+) 30Miurl S5 U SRl A3 17
il Eﬂ“”@ﬂﬁfﬂ“” I 30migh SR SRV SRR A 1 B A T‘E'Fﬁ%i?ﬁ ’ ﬁ[%%ié’
S o |

() b N E ARV SR Vﬁ']}auﬁ

PR O R JE**?Q“*T‘\}EQ [/T‘E"fﬁ EHEF AR o T MR
l},—k T i A e SRR WFEIT‘J ) 72? NN
(7") FPRPEBEEEESRY R frﬁlr—wj g

P URRA S P RSO  A S

55



YL

-~ HI NG

= A1 (1982) o ARSI R - ERSRF G o 7 [T S U L

F;i*?€(1999) BRSO U« 7y R IR

B I ART ] B BB (2003) - ARSE SRR VO -1 2001
P B ERE RV - 7S - (11)87-98 -

FEAFEL ~ BRI BT SIS0~ Hyd 5 (2000) © Fp i fte= 7 R fE25f
PR R JEI@WET%‘I%/ 4o I fEPE - (7)159-166 -

FLIFEEH(2005) = T kL AR ARSI B Y S F RS - o AN
B T NS TR

PR 571(2005) o (A Wyt L BB ISR S5 R B -
fifd G B 2k BRI -

el AT~ FfarTRes R RR(1998) o AR RS Yt ] U Y
IR - 7R 2 (2)197-225 ¢

PERLET(2007) - A R H?ﬂf TP P WIRERE s VR o S TS
il BRSSP R - TR

L XT(2008) - PAEBLEEIHE Y VR B RREL D E EERE S @ R Y,
B e R AWSRRL G o B ) AR -

AT (2009) o E | At |0 R AP BRI R R SR L R -
HASRL gy B PR 2 () A

56



gD Sfmm

*mfﬁ:‘\(w?e) o b b OMEXH ) — BBE T X D AEGREER ~ 75 HT o 1A
A RERE, -

Rl A 3~ ORISR S P RTS8 ﬁfr%‘ (1998) - BFERR TR /37 4 —
~ A EMRS OB - EFEFAT (6) 0 T84 -

A2 A, l(1981) SRR 2 o ;%F%Sﬁr,ios-lmfj 0

FAF VT~ FHE PP A R P RRE(1994) - — Wik T BT
RN L T o U 2 o B B F A IR0 28:37-44 ¢

BB~ SRR AT (2006) © BEGETE & 5 0% SO
HEOBR o XN —FELFTE > 35 1-T -

Abernethy, P. J., Thayer, R., & Taylor, A. W. (1990). Acute and chronic responses of
skeletal muscle to endurance-and sprint-exercise: A review. Sports Medicine,
10(6), 365-389.

Badkte, G.U.A. (1987). Sportmedizinische Grundlagen der
Korpererziehung-und-des sportlichen Trainings. Leipzig.

Bartlett L. R., Storey M. D., Simons B. D. (1989). Measurement of upper extremity
torque production and its relationship to throwing speed in the competitive
athlete. American Journal of Sport Medicine, 17(1),89-91.

Bompa, T.0.(1999). Periodization : theory and methodology of training (4th
ed).Champaign, IL : Human Kinetics.

Brooks, G.A., and T.D. Fahey. Exercise Physiology: Human
Bioenergetics and Its Applications. New York: Wiley.

1984.
Buhrle, M. (1985). Dimensionen des Kraftverhaltens und ihre spezifischen

Trainingsmethoden (S. 82-111). In Buhrle, M.(Hrsg.Grundlagen des

57


http://zh.wikipedia.org/zh-tw/%C3%96

Maximalund Schenllkrafttrainings,Schorndorf).

Dillman, C. J., Fliesig, G. S., & Andrews, J. R. (1993). Biomechanics of pitching
with emphasis upon shoulder kinematics. Journal of Orthopaedic and
Sports Physical Therapy, 18(2), 402-408.

Driss, T., Vandewalle, H., & Monod, H.(1998). Maximal power and force-velocity
relationships during cycling and cranking exercise volleyball players.
Journal of Sports Medicine and Physical Fitness. 33, 286-293.

Fukunaka, T. (1976). Die absolute Muskelkraft und das Muskelkrafttraining .
Sportarzt-Sportmedizin, 27, 255-8.

Edwards, D.E. (1991). Comparing proprioceptive neuromuscular facilitation and
isotonic weight exercises to the pitching velocity of college baseball
pitchers .Master’sthesis;University of Nevada at Reno .

Grosser, M. (1991).Schnelligkeitstraining. Munchen.

Haare, D. (1970).Trainingslehre. Berlin (DDR)

Haber, P., Lercher, P.(2001). Uber den Zusammenhang von Bewegung und
Korpergewicht. Collegium Publicum 6:2-3

Hakkinen, K., Alen, M., & Komi, P. V. (1984) Neuromuscular, anareobic and
aerobic performance characteristics of elite power athletes. European
Journal of Applied Physiology and Occupational Physiology, 53, 97-105.

Hollmann, W.; Rost, R. (1981).Ergometrie zur Hypertoniediagnostik. Dt. med.
Wschr. 106. In:3=g 1% - %7+ fi(2005) : ié”_féﬁﬁi’bd/?%%%??”%ﬂaﬁ%uﬂo
I SR ] > 146 3

Hultman, E., & Saholm, K. (1980). Acid-base balance during exercise. Exercise and
Sport Science Review, 8, 41-128.

Itoh, H. O. (1991). Ammonia and lactate in the Blood after short-terms print

58


http://zh.wikipedia.org/zh-tw/%C3%9C
http://zh.wikipedia.org/zh-tw/%C3%9C
http://zh.wikipedia.org/zh-tw/%C3%96

exercise. European Journal of Applied Physiology , 62, 22-25.

Joe, M. (1990). Coaching pitching. Champaign, IL:A Division of human kinetics
publishers, Inc.

Kindall, J .(1993). Baseball : Play the winningway. Lanham,MD :

Sports Illustrated Books.

Kibler W.B., Chandler J.,(1995). Baseball and tennis. In Rehabilitation of the
injured knee. Edited by Griffin L.Y. New York:Mosby (St Louis), pp.
219-226.

Komi P.V. (1986). Training of muscle strength and power: Interaction of
neuromotoric, hypertrophic, and mechanical factors. International Journal
of Sport Medicine,7(suppl.),10-15

Komi P.V. & Hakkinen, K. (1988).-Strength and power training. In A. Dirix, H.
Knuttgen & K. Tittel (eds) The Olympic Book of Sports Medicine, pp.
181-93 Blackwell Scientific Publications, Oxford.

Klinzing, J. (1984). Improving sprint speed for all athletes. National Strength
Conditioning Association Journal.32-33.

Kraemer WJ, AdamsK, Cafarelli E,Dudley (2002). American College ofSports
Medicine Position Stand on ProgressionModels in Resist ance Training for
HealthyAdults.MedSci SportsExerc 34:364-380.

Lachowetz, T., Evon, J., & Pastiglione, J.(1998). The effects of an upper-body
strength program on intercollegiate baseball throwing velocity.Journal of
Strengthand Conditioning Research.12:64-65.

Lehnertz,K.(1988).Blutlaktat und trainingssteuerung im
schnellkoordinativen.

Lehninger, A.L. (1973).Bioenergetics. Menlo Park, CA: Benjamin.

59



Martin, D.; Carl, K.; Lehnertz, K. (1993). Handbuch Trainingslehre,2 Auflage.
Matsuo, T ., Escamilla, R. F., Fleising, G. S., Barrentine, S. W., &

Andrews, J. R. (2001).Comparison of Kinematic and

Temporal Parameters Beteen Different Pitch Velocity

Groups. Journal of Applied Biomechanics. 17, 1-13.

Meister K. (2000).Injuries to the shoulder in the throwing athlete : Part one :
Biomechanics/ Pathophysiology/ Classification of injury. American Journal
of Sport Medicine, 265-275.

Mullaney, M. J., McHugh, M. P., Donofrio, T. M., Nicholas, S. J. (2005). Upper and
lower  extremity  muscle  fatigue  after  baseball  pitching
performance .American Journal of Sport Medicine, 33(1), 108-113.

Neumann, G.,& Berbalk, ~A:(1991). Umstellung und Anpassung des
Organismus-grundlegende Voraussetzungder sportlichen
Leistungsfahigkeit.

Neumann, G.; Hottenrott,K:(2002).Das grosse Buch-vom Lauffen. 117-119.

Neumann, G.; Hottenrott, K. (2002). Das grosse Buch vom Lauffen. 222-223.

Pappas A.M., Zawacki R.M., SullivanT.J. (1985).Biomechanics of baseball
pitching : Apreliminary report. American Journal of Sport Medicine, 14 :
216-222.

Pat Jacobs, C. S. C. S(1987). The overhand baseball pitch: A Kinesioiogical
analysis and related sterength-conditioning programming. NSCA Journal,
9,5-13.

Pedegana L.R., Elsner R.C., Roberts D., et al (1982). The relationship of upper
extremity strength to throwing speed. American Journal of Sport Medicine,

352-354.

60



Potteiger, J.A., Williford, H.N., Blessing, D.L., & Smidt, J . (1992) . Effect of two
training methods on improving baseball performance variables. Journal of
Applied Sport Science Research.2-6.

Pugh S.F., Kovaleski J.E., Heiman R.J., et al (2001). Upper and lower body strength
in relation to underhand pitching speed by experienced and inexperienced
Perceptual and Motor Skills 93 : 813-818.

Ross, A., Leceritt, M., & Riek, S.(2001). Neural influences on sprint running. Sports
Medicine.31(6):409-425.

Schmidtbleicher, D. (1985). Klassifizerung der Trainingsmethoden im Krafttraining
Lehre der Leichtatathletik 24 (1) und (2), 25-30.

Toyoshima S., Hoshikawa T., Miyashita M., et al.(1974).  Contribution of the
body parts to throwing-performance.. In Nelson R.C.,Morehouse C.A.
(Eds) : Biomechanics IV. Baltimore, University Park Press, pp.169-173.

Werner S.L., Fleisig G.S:;:Dillman C. J., et al .(1993). Biomechanics of the elbow
during baseball pitching. JOSPT 17 : 274-278.

Widrick, J. J., Stelzer, J. E., Shoepe, T. C.,& Garner, D. P. (2002). Functional
properties of human muscle fibers after short-term resistance exercise
training. Am J Physiol Regul Integr Comp Physiol, 283, R408-R416.

Wilmore J. H., Haskell, W. L. (1972). Body composition and endurance capacity of
professional football players. Journal of applied physiology.33(5):564-7.

Stone, M.H., and H.S. O Bryant. (1987).Weigbt Training: A Scientific Approach.

Minneapolis: Burgess International..

61



(g8 ]
CRHFRF

PRRE B R PR BRI U RSN B P AR R
FV Y

e R

Bl By

PERE Y

SIUENRE TR e et

EPiink ﬁﬂ%”wfﬁLh@j’l*f%QSO%E

AR TE © 0912-554071

T

P Y AR BT (B PR P SR =3
TEVH YRR PR | A P [ SR LSS [&Eﬁﬂpl
‘:fii%Fﬁ?EL“ﬂjﬁiﬁg Tl e Y R RS U R L o U REH I

SHEN - B R T O R GRS ‘a;fﬁ; ﬁl@gﬁ .

Wﬁ@ﬁ%@iﬁﬁ’ﬁ&wﬁﬁmﬂyﬁ%ﬁu W M HSEASTY

I » 27 [ R AR AT

B
A\

A= ‘:é‘ﬁ
H

AESR

¢

)

T e
e e
N 2
= =

62



eSS

I 7 A B SR

PR HERRARY SO

¢ R RCUEE N CO RN
IR o [ YA 7 B
TR ST R
LoORL AR o0& o f
FEILS U
3 AL E R ofk o f
4. Ry fly s SR o
5. FL7 €] R o i o B
6. 1L fE H - ok o
7 RLAETU AR ok B A
8. KLY E RS ok o P
9. AT [t FLRL N E O 1 ok o P
10. {4
1)
2)
3)
4)

Ht 3

63

www.spdi.idv.tw



