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m =
o ¢ R R TS RSB EE T e R sR A  RHAE S B (E - oL LR ) SR BUE S S B
8 DUREERIEEE 2 JIBRCR - D57k - 15 Ak - AaRERB0dEsh 8 Bz sl (A 11 # Motion #
S~ 2 (8 AMTL JIDTHRERE A1 B8 3 (EA FS R & T B S - it J7EEL SPSS 18.0 E R EL 23
two-way ANOVA HGEITIT - 655 ¢ ERAEAERMIE S B FREE 7R - SEEHBHHERTE - Bl m R
/N~ IR P PE BB AN ~ o ELR R B A BRI )~ SBERF RT R ~ SEHRI ) BRI - 1R T e
FEF] 20 2257 o Rl EN BRRRA ST A AL G R I - &R | B TR RE AN T B R R AR
HifE S - HEE GRS ) RELES S M - TR A (FAVRRE AT - AR TSR R

FERE - 7& T = Ry 7 U T SRom A R £ -

V&N E S S ST RO A B A |

SRR B > (H5REAABET TR G HCGER G -

B 1 BN - W aREIeR ~ A

RHFES (push-up) &—FE AR #_ERAILAIRY
T i FRCHERE B SRS B R RCR - IR
FH AR S At AL AT Y 2 B B0 AF Ry 23 B 31 4R Y — 78 U7 =X
(Cogley, Archambault, Fibeger, & Koverman, 2005) - ¥}
RS BRI A BRI BT ELE N - 2 RSB EAY
ANEEEER  SENEII R 5588 - EHaEts
Zy g WG N [E 5 RS AL /K AR Y Bl 2 T
(Gouvali & Boudolos, 2005) - #3525 Hi 5 FHEE T
B ZE PR R 5 g D BE = SH ALY 2 B
(Cogley et al., 2005) » FH S A {8 FH & T S pE AR SR
e - gl R RHLAY 2B (Khazei, 1994) - 4427 > H
JRARIE B ANAZ TG ~ S5t ~ 5] ~ E8AYPRMA -
s 77 {8 H R HHI4R ERAy 720 W BIEH 2R
T (Garcia-Masso et al., 2011)» & 7 2= FHAEAL 73
@izt N (Faigenbaum et al., 2007) » o] DUE {F1E{#E
H—FE 77 AR R -

IR RER
Mk : 111 ZEIEATEERRES 55 5%
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tgea =9k (plyometrics training) 35 FA A 96
FIGEF S (Myer, Ford, Palumbo, & Hewett, 2005) »
HIEZFHNEXEAAIE @ AN LA ZER
— U 4ETEER Y ENFRIR (Flanagan & Comyns, 2008)
DABR 1R EEE o bl T7 AR R 5 B EEK
SERRIM A B FEES M 758 (Vossen, Kramer, Burke,
& Vossen, 2000) - NECEEAYH @GR - TEISHY
HELISE A > W 55k (Blackburn & Pagua, 2009;
Ebben, Simenz, & Jensen, 2008) - f& ik (Ebben,
Blackard, & Jensen, 1999) ~ FE Bk (Jensen & Ebben,
2003 ) ~ /KSFEBEEE (Yu, Lin, & Garrett, 2006) FZEHE{E
FAZREES T A0 38 JTAVaIISR 720 » FE 58 =Calll SRt
th o FEREEA AR ST T CRIA IR SR ~ BERk
FIRHFEE (Gouvali & Boudolos, 2005) » HJFEEA 4N
PR iEE B Ry ERCALERRE R R R T A IRV &
(stretching) ZA1% H A PRAVEFE S 45 (shortening)
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yEy GRSt Pt N N & i PSR A D L s IS =i
oS - B IR P ) fef - 4 R L = PITRR Y 256 — U
MEEER  (stretch-shortening cycle) (Bosco, Viitasalo,
Komi, & Luhtanen, 1982) - SEi#—25 750 » iSfHBN{FIE

FRES PR R H LA KA FIEMERE (elastic energy) -

A 35 [FEHLARZERZ S (stretch reflex) (Bosco et al.,
1982 ; Kawakami, Muraoka, Ito, Kanehisa, & Fukunaga,
2002 ; Malisoux, Francaux, Nielens, & Theisen, 2006) °
wsa(AHHE S (plyometrics push-up) 7Rk
s ERERE IREI SR DT o MHRAEIIATTEEL - RE
HIF-EE S ZHAE BRI LS B - AR 2R
RARERHYZ /7 (An, Chao, & Morrey, 1993) = Chou et
al., (2002) HRETEEFHeMHE S 58RI 5 i
ITRAGIHYZ SIEIE - ST RO 5 bE e TR It
5 AR TR e A &1L - DURABCRIYEM
BYTEAE B AR o M EE - T - TR
FHEE) (2000) fEHEANEIREETFZHET - EEUL
RIEREIL G AR E - F R — it 7R R
Hapayall gk 7 AL - Wl E A E N
(Brown, Mayhew, & Boleach, 1986 ; Crowder, Jolly,
Collins, & Johnson, 1993 ; Vossen, Kramer, Burke, &
Vossen, 2000) - {H th A — L W X 50 B 4 A
(Heiderscheit, McLean, & Davies, 1996 ; Lyttle, Wilson,
& Ostrowski, 1996) « 1 |3l B3R 3|
A TERERSR - HFERATRERRERAEEERYIE =
EHERARE -
Rt JEZE X E S A EEMER Al s =X E—
WAEA FIZSN R S EIE - BHEEE N7
SR _ERCREIRIHILEE © ABH2E 5% H I EBRS CEAR [E]
BT IHENEE (BREINCE 150% XS54
50%) BIAEERE (10 ~ 15~ 20 A97) & MRV
e EB B 22 M RE -

' TA
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= B UE

AKEFZE(E A 11 % Motion 1% (Motion
Analysis Corporation, Santa, CA, USA) (200Hz) » Ui &E
B 3D IBEER > WHE 2 E AMTI Ik
(AMTI Inc., Watertown, MA, USA) (2000Hz) [&]25UZ
EB AR AR B8 3 ESE R 5 10~15
20 ATHIE T WA TS THEG -
g~ &R

{#F The MotionMonitor $X#& (Innovative Sports
Training, Inc., USA) 2RI EEEIAY B /5 Bl i) 22
&R o ARHFEEN IR E o T E T EY S B Ryl
7 BV G174 T BRI AR M 7 A e
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(Z)TEFEE(E

PRl 2B HIBRE Rt - B R EReE -
(Z)EKRAET AR

FEHTE A NEH (THEPEES) -

(Pu)fEE T+
EHR AR e R T SRR T
(FL)HERE T

FHEFIE AR 2 I KRR EME S A EF D -
VAN V-3 WD

5 SPSS #isfids > DISEI9%L (mean) FofZide
7% (SD) EWZHHEAABTR KA ERSBEIEE
ke IS5 B %L 2x3 two-way ANOVA (2 [ EE
x3 EEEE) BT EE SEAERE T & (10
15~ 20 Ny aisE FIRIIES) 61 2 fEeE S8y
I (50% [BHE - 150% SEAVRMIES) AR
BHASHESE - FgEbEr (posthoc) FIH LSD JEH#EST
EE o 4T EIE /KRS 0=0.05 -

— ~ BIERE

(—) P EEE TR BUE T AT s R
5 ERGtm A E ]

W E DN 2 [ B R RIS ELAE > e T R4S
RS ~ EATHEES - TS 2 RSN
BERAEEH (p =0.002 ~ p =0.019 ~ p =0.003) » {EHEE
e EREEER T I TIAE 10 23578 20 2453 £
FIEFIRHEAER (p = 0.003) > HERREFIFE 2R
(F—)-

*— - BEENES bR B FRE)

10 N5y 15 N5y 20 N5y
R % 0.41+0.09 0.49 £ 0.06 0.51+0.11
% 038+008  042+007  045+0.08
-GIER 7% 0.67+009  069+007  0.70£0.10

7%

I % 0664009  064+005  0.65=0.06
L= 22 130+0.17 134£0.12 135+0.19
EE* & 126+£015 1242007 123007

*REH Z [HAET RERE RS 0 p< 053
FRIETE BT B SR A 0 p< 05
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&~ B B EI TS T e e {1 S R ]
EARERE (R - BCERERIEER I AT B & i
WiEe]_E e Fa Ry E IR R A2 R - R A
R £ TS BRI S B (F (38.1-39.9 &)

BEERN TR EE (24.5-31.7 %) (p =0.001) :

W e 7 R = S g D A 5 T S IR L R A R B B Eh 1
(59.9-68.0 &) BHERFEETSLHEZEENE (54.8-56.8
[£) (p =0.014) (R) - B EEHIEGER N EEFY
RIEFIRE AR -

K EER AT AT EREGR

10 57 15 X5y 20 N5y
BE %= 54.4+61.6 50.1+61.8 52.6 £60.9
= 48.1 +£59.6 51.7+59.6 49.4+57.5
B> %2 31.7+10.6 28.1+8.5 24.5+10.2
= 399+104 38.1+£9.7 38.1+10.9
5
Fi e 22 6.8+39.8 553+41.2 54.8 £42.5
= 66.9+41.3 68.0+41.9 59.9+43.6

*IETL L AT DR E R > p < .05 (BL © )

(Z) RIEEFZHEEE BT 5 AR sa =X R
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TEE 0 AR R AR R A R Y £ R B =
B o it e P i AL o P TS P B A (R
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= EHR RGBT A R B EEEER

10 N\4r 15 N\4r 20 N4y

BiE %= 9.1 £59.1 15.0+61.8 5.4+56.7
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B+ %2 81.1 £33.1 67.9+£26.4 85.0+35.6

H 88.8 £22.5 98.5+65.5 91.6+223
Wi %= 97.3 £50.6 90.9+553 106.7 = 54.5

H 96.6 +50.2 112.9+8.2 99.7 +£54.8
RS [EGRET RIS SN > p < .05 (B ¢ &)

(=) FRTEHE TS AV R S E RSB
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SRR R B Bl B (RLG
U MR o A EEET ST ETE N SRR T
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THEEEEE NS EMEER S RERRGIEA -
T8 FH =AY S 15 05 R S S IR H R B
(0.62-0.67 1h) T ZRFEE RN EF R AR
HHESEIE (0.52-0.62 7)) (p =0.038) 5 Ay HEI
[T F R R BE S E(E (0.24-0.26 #)) T
BEMEBAERNNE F L ERENRIE S HE
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EULRER 7 il S AR )

10 235y 15 /N5y 20 A5y
ERT %2 0.61£0.19 052+0.14 0.62+0.2
THERER W 0.67+0.16  0.62+0.12  0.67+0.09
[T 22 024+0.11 0.19+0.09 021+0.1
SCER® & 026+006 024+£006 026+ 0.06

AR [t DR R p< 05
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= RN

AP T S T R R A T i e = A
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F& By 20 24530 > R SIBE RN 10 A35% TEE -
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IRHFE S ENE - BgAHIL (pectoralis major) MIFL=FHH
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(2005) #5 e R B w H B {E L3RG B R Y AL T
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= HEHLUL4EEE AR 5 Donkers, An, Chao, and Morrey
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Abstract
Introductions: the purpose of the study was to analyze the parameters of kinetics and kinematics in upper limbs by
changing the widths and heights of the hands during plyometric push-up. Methods: 15 college students of Division I
tennis, table tennis and box teams from Chinese Culture University voluntarily participated in the study. 11 cameras
were synchronized with 2 AMTI force plates, and 3 different-height platforms were used during the test. Collected
data were analyzed using SPSS 18.0. Two by three two-way ANOVA with repeated measures were used for statistical
analyses. Results: When the width of push-up narrowed, the angles of elbow and wrist decreased, maximum elbow
flexion angle increased, the angular velocity of the elbow and wrist increased, the support time decreased, and the
ground impact force and the push force increased. Conclusions: changing the support width and drop height of hands
changes the kinetics and kinematics during plyometric push-up. The elbow was a key factor of the movement. The
training intensity could be adjusted mainly by the support width and secondary by the drop height of hands. Dropping
from a higher height would result in a greater impact force and angular velocity, which may be helpful in increasing

the training intensity, but the excessive intensity may lead to injuries.
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