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Biomechanical Servicesfor the Elite Athlete of Female High Jump
. A Longitudinal Study (1)
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% /8% (bar clearance) fv ¥ # (pitlanding) % w & F§ £ # 4 4L ( Dapena, 2000; Hay, 1993,
% 572003 ; 3k & 420 1993) - Hay (1993) :}F] B o e r]-% F# 3e 3 B (takeoff
height) ~ %z % & (flight height) fri& ¥ % & (clearancehaght) BB Ry o e g
BaAcpedr £ A% = B F R EE L & %2 - Dapena(1980a, 1980b) A 7 B¢ B B4 B Ff Bty )
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¥ (Dapena, 1995) > » 7 ¥ E 5 1 BrEadcpta w1 M anfle ¥ & (7 (Dapena, 1980b;
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FED AT ER [ F Rpr s 49 AR o g B i R AR SRR R AR
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i+ 4% # (direct linear transformation » DLT) % FAlenig 5 {5 »

ROEFEAIT AL R2009E 107 ZE FEFIRNEREFAERE LT T A
ﬁzmrﬁ4DMB1mﬁiﬂﬂf?ﬁﬁgmﬁﬁ,aﬁmp*J@%Dmmmamm;f
ﬁ%&%ié+& Fh R AT AR R FEFBY T v AL KRE HERE o T
E Rt EE °

1_+_£ if‘w R -3 ERR (TR KRS Dapena 2000) =gk &k 2 1t s
170 EREEED A LSS %"{% 1 B - A3 ETamadc iy L2 K
LL%;W’* BRI FEHR LR 1.71mo e 2 ¢ g W EmiliaDragievashi g » ¥ 3
1.69m- B 7 2 £ Fr=i@H R o i it 3 8 0.3ImiE 200m g B o @ X F i H |
p an*?’ﬁ 164 > %8 v EEFIR - 3 2ED D= ﬁmﬂfﬁ*’i}usb A 2009 & % — [ I
g P o SUPRIE S R4 T R ﬁl?Sm FEREB &M 2iEL Rt 3 3 0.04m

r; R &2009& vERRY EH e 4;&&4@% g 1.78m > ggnﬁ“r’ﬁ EFEELTEPE
g FHHAIVEP PTG FESL NS o LHZ R E rb“&amﬁfrsr"so.mm
ML o
2L B i -t PR ERR A ARRE L FAY
6 e LI FE BAEREXY LL%“’ BoAF A
(m) (kg) * (M) +(m)

Amy Acuff Egey 188 64 1.98 1.96(U97)

GainaAstafel EHER L 184 65 2.00 2.00(092)

Susanne Beyer-Helm &, & 1.78 58 2.02 2.02(W87)

EmiliaDragieva 4t & 169 55 2.00 2.00(W87)

Kelke Henkel ey 1.82 63 2.07 2.02(092)

StefkaKostadinova #4413 1.80 60 2.08 2.05(W87)

loaminet Quintero  + < 1.80 60 1.98 1.97(092)

Coleen Sommer iR 176 58 2.00 1.96(U87)

2 g 4 1.71 56 1.75 1.75(Y 09)

5 F o 4 171 56 1.78 1.78(C09)

5 F o 4 171 56 1.80 1.80(A09)

X G 4 A 1.71 62 1.80 1.78(OY 10)

K Fm A b 5 RiE £ B enbod B HWBT=1087 & 3 p & K o fo4h R ; UST = 1987
Ei@]ﬂ15;&%1‘;‘%%3092:199231§4f1w s i ¢ 1U97 = 1997 £ % B i24h 3 Y09 = 2009
B - ELWFEE6 ¢ 5 C00=2000% ¢ EA R % F e 24 EF 5 A09=2000 & ¥ =
E L% M@ § 5 OY10=2010 & + & BHk™ ifid § o

L is - Heh>w i f ¥k

F Freh 2 Lo xR o h -
Aow 5 26032260277 B S F e e > € A R KB # e >
- RooF P R REE LI F FR R 5 4
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T g A2 EnEE? AL RPFERF DAL P
PLpos Bl B T 35 £ 57°-46°-54°( £ 2) 0 & R p>pt pi<por ® & R X
FRerd Fz A EREAR LR ERF DR T F S (P

Posh i £ T 35 £ 41°429°+33°5 L % 2) - ¥ Dapena (2000) chFT § & % o iF

R LTHE P ECRPERF DA EERAR] S TRS>p>p
3 B LA e B gk iy - HhEe ARG SE o RS- H LRI AR
oo Flm A A p<pes A5 e
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Bl 1. 2009& 2> & ¢ % F oAzt ~ 8 £ 0 LB R X hdp B &

RO AR B e
I gmbhitAa B pEFR Pl N A ERE R H
R S SN S R AR Eﬁ%%*”ﬁé_@o#Dapma(Zoom
T dp M AR R E s P B E Rk pY s 450 g
ﬁkﬂéﬁ*"ﬁ@:iﬁ-&’n*vffi:m“xéﬁ/%ﬁiﬂé—?«ﬁ;*‘réviﬁ—:i’ﬁ-‘iak%"’“‘
501 g EERA A ELTFRE R FIFEDEE LR AP
PR A ET RS e B AP AR E

: £ b o3
S F 2@ g B F R - H#H E 5 L37m-140m- 1.37m -
143m> T 35 140m> & £ F hip % H £ SLiT 9 5 8200 R T F oA prow
P E s 3 RYE LR T L 5T%( A ES0%) £ B R (T
32097TM) E_ A R B i E o E F ik isy - HHE T E190M K
5 - H @b H0E0My A H L FE L L 5 B R T FREEA kTR
(42 4) B8 % - H 58miss A & - H X 48mis @ B R & H 1m/s;



Pe e 2 g PR F Y A A HH L AL H0S0M £ R S

% 2. I FmALepw v P ERE DK LR

SRFNLE () p2(°) p(°) po (°) SL, TOD (m)
AP R R (m) (%)

Amy Acuff 23 50 36 33 1.96 90 053
GadinaAstafel 32 - 39 34 2.00 109 0.88
Susanne Beyer-Helm 29 50 42 40 1.80 101 104
EmiliaDragieva 33 47 41 40 1.85 109 0.82
Kelke Henkel 30 55 41 38 1.91 105 094
Stefka K ostadinova 34 51 43 37 2.06 114  0.98
loaminet Quintero 30 51 42 34 1.91 106 0.75
Coleen Sommer 23 44 36 33 1.72 o8 0.9
T 32 29 50 40 36 1.90 104 0.86
i 4.20 3.45 2.73 3.00 0.11 752 0.16
X 1.67m 26 55 44 49 1.38 81 0.89
—i—; 1.70m 32 55 46 54 1.40 82 0.84
B 1.73m 26 60 49 60 1.37 80 1.07
ﬁ’: 1.76m 27 58 46 54 1.43 84 0.97
% T 3= 28 57 46 54 1.40 82 0.94
e 2.87 2.45 206 450 0.03 1.71 0.10

oty B - H e e 5 opafe pri R A K E o RS % S pos A B E
o S e B ch ok b o Sk okt - o R o8 L3 chdp & TODE A B

L SR

% 3. B F PeBbpa Bt A H B E Pt R

B R Rigr - HHE (M) EE-HHE (m) # & £ FE (m)

1.67m 1.93 1.38 0.55
1.70m 2.05 1.40 0.65
1.73m 1.77 1.37 0.40
1.76m 1.83 1.43 0.40

T3 1.90 1.40 0.50




24 S FomAp RS EL R R E AT o BE R DR
AEr A B RE- O AB g AR B4 Ackhigd
fod B E£odR kTER kTEAR kTER kTER LIdR LIER

F SR
Ed R

(m) (%) (mls) (mls) (m/ls) (mls) (mls) (m/s)
Amy Acuff 092 490 6.3 6.3 35 -2.8 -0.2 3.80
GdinaAstafel 0.88 48.0 - 7.2 4.1 -3.1 -0.7 3.95

SusanneBeyer-Hem  0.86 48.0 6.9 7.2 3.8 -3.4 -0.5 4.00
EmiliaDragieva 0.81 475 6.9 7.2 35 -3.7 -0.8 4.10
Keke Henkel 089 490 74 7.2 4.3 -2.9 -0.5 3.90
SefkaKostadinova 0.90 50.0 7.5 7.3 4.2 -3.1 -0.5 4.00
loaminet Quintero  0.84 46.5 7.3 6.7 3.8 -2.9 -0.8 3.90
Coleen Sommer 0.87 495 6.9 7.1 4.3 -2.8 -0.6 3.85

= 087 484 7.0 7.0 3.9 -3.0 -0.6 3.93

LS 0.03 115 041 0.34 0.33 0.31 0.20 0.10

1.67m 097 57 5.9 4.3 31 -1.2 0.15 3.27
1.70m 097 57 6.1 4.7 35 -1.2 0.08 341
1.73m 094 55 5.7 4.4 3.3 -11 0.07 3.33
1.76m 098 57 5.8 4.8 34 -1.4 0.34 3.39
T 097 57 5.9 4.6 3.3 -1.2 0.16 3.35
Ll 002 1 0.2 0.2 0.2 0.1 0.13 0.06

= T E PR

%25 & g A pw ~ 8 E v F R ¥ E

F.o3 Hig &3 2 oo Ede Ede® B )
TERE L e TEIRE L k() Sl BREAT
R (%) BEAEM) * F (%)

StefkaKostadinova  0.90 1.33 73.48 0.76 0.03 2.09 98.56
Coleen Sommer 0.87 1.34 76.14 0.64 0.02 1.98 98.99
Susanne Beyer-Helm  0.86 1.30 73.03 0.76 0.07 2.06 96.60

Amy Acuff 0.92 1.30 69.15 0.72 0.04 2.02 98.02
T 3= 0.89 1.32 72.95 0.72 0.04 2.04 98.04
[ ati e 0.03 0.02 2.88 0.06 0.02 0.05 1.04

. 5|l67m 097 134 7836 048 015 18  9L76
¥ #l170m 097 128 7485 058 016 186 9140
173m 098 128 748 052 007 180 9611
176m 094 131 7661 058 013 189 9312
T 3 097 130 7617 054 013 184 9310
®®Z 002 003 168 005 004 004 214

S oy (g 1y




4. A= gt g 5 oy (TOD)

Ar B EE M R T At A < B R EApHOYH ¥ R o & de g8 P
WL oNdhgagmahzl i MG 2 g s 0y
£.0.89m ~ 0.84m~ 1.07m~ 0.97m > T ¥ % 0.94m- B % # iF & 45 & % g8 o
FRELFHALpR LT HFRRFOTE e LQEFRF DL
b AR G R R & o

5. Az pra o~ B E v F R
FRE2ET LI PFF O RPR DY HE g RS
2% 09Tm> ik ¥ B3 % B 57%> + 3 50%> LR E < B3R B E o R B
AL FEFRHR L F R THL 08M kP F B R M8B(ES5) X
iz B4 h € v 3 AP & < 8 o
o 2000E& > iF ¢ hE v F RERMHFA 0 AT
B4 ® o 3 B Ho: 094m-0.97m- T 32 ¥ 0.97m:;

% & Hy: 1.28m-1.34m:> T 35 % 1.30m;
: 048m-0.58m - T 3= % 0.54m;
)i H3 : 0.07m-0.16m = #= % 0.13m;

com- WM BREEN SN F o n
- Fu- B
wE
NI

eV Ea e i FERE
J‘ﬁi

<4 ¥ B R L 1.82m-1.89m: T 2 % 1.84m-
S b rm f ARk B A G R T 5 g 184m
W ¥ HsT #2 013m> d & % 5 # 4= § & 1 * F 931%> I * F
o ifii‘m%#&%&:xﬁkﬁﬁ:r@&’Eﬁﬁéﬁéﬁﬁzﬁ’%?
£ 4 A o LS F e A @B L76MPE h E v A F R 1.8Im %
F # > F & & 1.86m-

3]*&%)}%

24 (2003) - HAHEL FALANPFEEFEREFTE P HE R
HEH o RDNERLET AT A F &R

fhoc @ (1996) « & o gt 3 #irst g A0 AL g o AN EA L

SN AR LI i oo
% 2 ¢ (1998) o pt 35,\&6 O W H R IE e T B E
22 > 23-25-

5 4 (1992) - Mp B4 F 7 N FE L EFR AL F A F LA R
R L o Eﬂii;‘%*é*% ~ g 5 4 o

5 & P~ % 353~ (2003) - § F R @SR A BB ¢ oW
R R PF OB T A iﬁ??/’mfﬁ’ » 27 (4) > 46-49 -
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JAB ASA FUNCTION OF STEPPING FORWARD
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INTRODUCTION

Boxing is one kind of origina and combative sports. The
boxer always attacks the adversary in many kinds of offense to
annoy their offense strategies by the repeated movements of
jab, hook, uppercut, and straight punch. The jab is used to
measure the attack distance in order to tempt, raid, or rush the
adversary mainly. However, the well and fast jab technique
must be coordinated footwork to devel op the effects of jab that
stated above. There is an old saying in Chinese martia arts
that “to teach punching does not footwork, because it makes
the master face danger of student’s beat”. This revea that
footwork is an important factor is the “glue” that holds the jab
technique together. The purpose of this study is to investigate
the effect of various stepping forwards for jab of boxing in
biomechanica approach.

METHODS

Eleven collegiate level boxing players, training age over five
years, were recruited voluntarily as the participants for this
study. Their mean body height, body weight, and age with
standard deviation were 173.5 + 6.2 cm, 66.0 + 10.8 kg, 20.7 £
1.6 years old respectively. Participant were asked to perform
stand jabs, one-foot forward jabs, and two-foot forward jabs
without impact five times for each movement in delivered off
the lead foot and bare-handed by random order. The past study
showed there were few differences in kinematics between
gloved and bare-handed punches [1].

The Vicon 3-D motion analysis system with 8 cameras
(MX-F40, 250Hz) and two Kidlter force platforms (Type
9260AA, 1000Hz) were synchronized to record the
kinematica and kinematical data respectively. The Vicon
Nexus system (Version 1.4.116) and Polygon Authoring Tool
(Version 3.1) were used to analyze the kinematic parameters
of upper extremity and ground reaction force. Repeated
measure one-way ANOVA and LSD post-hoc were
adopted to analyze the statistical difference with an alpha
level of .05.

RESULTSAND DISCUSSION

The results showed the peak velocity of hand were no
statistical differences among stand jab (7.32 + 0.81 nV/s),
one-foot forward jab (7.49 £ 0.72 m/s), and two-foot forward
jab (7.66 + 0.67 m/s) significantly, F(2, 20) = 2.5, p > .05. The
peak velocity of elbow (3.21 + 0.47 m/s) and shoulder (2.97 +
0.56 m/s) in two-foot forward jab were higher than stand jab
and one-foot forward jab (ps < .05, n? = .52-.54). The effects
of stepping forward enhanced the peak velocity of elbow
about 17.1% in two-foot forward and 8.4% in one-foot

forward relative to stand jab. But only the peak velocity of
shoulder in two-foot forward enhanced 29.0% relative to stand
jab.

All the jab movements were without impact to perform
punching in this study and this condition made the research
assumed the instant of hand velocity equal zero was the
termina position of jab. The results of datistica anayzed
showed time of peak shoulder velocity and time of peak elbow
velocity to terminal position had no significant difference
among three jab movements in this study (ps > .05). But the
peak hand velocity in two-foot forward jab was lag 9 ms to
achieve terminal position significantly relative to stand jab.

Figure 1 showed an example of biomechanica patterns of
three kinds of jab movement for one participant. The ground
reaction force showed the lead foot acted forward to perform
the stand jab, but the force was small (less 0.1BW) and the
ground reaction backward force was reduce to zero at the end
of jab. The one-foot forward jab and the two-foot forward jab
were the stepping movements, and at the instant of lead foot
landing, the ground acted the large force backward to break
the boxer moved forward. The peak velocities appeared as the
following sequence during jab movements. shoulder, e bow,
and hand. It must be noted that there was the second peak
velocity in shoulder during the time of hand produced peak
velocity and the terminated position. This indicated that the
end of jab movement, also be considered as punching on target,
the boxer acted shoulder to accelerate again. That reinforced
the effect of trunk action or whole body action. Under the
movements of one-foot forward jab and two-foot forward jab,
the shoulder and elbow were both showed the characteristics
of accelerated again. It could be regarded as the lead foot
landing in jab enhanced the effect of punching.

CONCLUSIONS

The stepping forward had no change the jab peak velocity in
hand, but it enhanced the peak vel ocity of elbow and shoulder.
It seems reasonable to conclude that the stepping forward
created the offense effect again during the end of jab
movement.
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Figure 1: The velocities of jab arm and ground reaction force of jab direction for stand (a), one-foot forward (b), and two-foot
forward (c) for an example boxer. Time axis zero means the hand achieved the terminal position, and the dotted line means the
instance of peak velocity in hand.
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