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The Technical Analysis of the Approach
Run-up and Take-off in Elite Male
Pole-vaulters in Taiwan

Abstract

The purpose of the present study was to analyze the
techniques that male pole-vaulters used for the final four
strides of the approach run-up and take-off in order to
examine the effect of different techniques on the sports
performance. In addition, the techniques used by domestic
and international pole-vaulters were compared and discussed.
By comparing the various techniques adopted by these two
groups of male pole-vaulters, objective suggestions for
improving sports performance could be made. Data were
collected from the top three male pole-vaulters in the 2012
National Track and Field Competition. Their movements of
the final four strides of the approach run-up and take-off
were filmed by a digital camera which took 60 pictures per
second and were analyzed by using APAS motion analysis

system. The results suggested that:

1. The speed of the final four strides of approach run-up
and take-off in domestic pole-vaulters were

significantly slower than that in international



pole-vaulters.

The take-off point of the domestic pole-vaulters was
anterior to the vertical line of the grasping point of
the upper hand, which in turn affected the loss of the
horizontal speed at take-off.

The height of the hand-grasping point could affect
sports performance. The grasping height of the
domestic pole-vaulters was lower than that of the
international pole-vaulters.

The weight of the pole was another factor affecting
sports performance. The weight of the pole used by
the domestic pole-vaulters was insufficient to release
enough rebound energy for better performance.

The domestic pole-vaulter A had best performance for
all the measures analyzed in the present study.

The domestic pole-vaulter B had the lowest speed for
each of the final four strides and take-off.

The domestic pole-vaulter C had the greatest loss of
speed during the approach run-up. The highest speed
appears at the final fourth stride, and it lost 0.21 m/s

before take-off.

Key words: Pole-vault, Approaching speed, Take off
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% 3-1
PR EHFRANFH
@ i3 wE HEFF AR KEFmEK 100M v oF 2 H
B = (cm) (kg) (cm) (p) (#) (m)
A E £ 178 69 465 185 11.1 5.22
B & + 182 73 440 180 11.6 4.60
C £ = 162 60 425 170 11.3 4.40
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% 4-1
FE R KL 2 A P2 R L

= @A ] ] 7] | # A2 B
Feh o w2 H F B F -
¥ = (m/s) (m/s) (m/s) (m/s) (m/s)
A £ 8.05 8.14 8.11 8.10 7.03
B & &+ 7.44 7.39 7.31 7.31 6.50
C:#E & 7.61 7.59 7.49 7.40 6.63
T 35 #) 7.70 7.71 7.64 7.60 6.72
L 0.31 039 0.42 0.43 0.28
8.5

8 ) ' '
- 761 7.59 \
1.0 7

FlEFEwyr BEE=L FHE—_F BHE—F AL Bk

Bl 4-1. 4% 5 B4 §53 B 5w H 2 4= B 2 2 B R B
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% 4-2

FExre@Ekise HHHER A
£ 3 ol 4 ol 4 ol 4 ol 4
E ¥ = =% I
¥ (m) (m) (m) (m)
A E & 1.99 2.05 2.01 1.84
B & &+ 2.01 2.07 1.96 1.85
C#E & 1.98 1.77 1.91 1.83
T 159 #i 1.99 1.99 1.96 1.84
% EZ 0.02 0.17 0.05 0.01
2.1
2
-~ —— A
g 19 —a—Bi% +
Cik F
1.8
1.77
1.7
E R EHF =S CF SF A
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% 4-3

A= B PR OBLE BB 4 Bk

| A B B Az B bR Az gh £ F @ R
¥ = (cm) (&) (m/s)
A E + 4 20.12 2.39
B i £ 28 23.44 2.44
C:k% < -8 22.57 2.37
T 3o i 8 22.04 2.40
i i 18.33 1.72 0.04
24
22.57
22
20.12
20
o
T s
16
14
At F B F Cit F
Bl 4-3. A= @ & R v R E
30 2
20
/g 10
— 4
0
-10 &
AMEF Bif CiE F

Bl 4-4. Ao pr B b ROE
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BMpBEs9 FHFFP3ES2RE

AP TRRAPRESLE I I FELSABCEFRE

SR RN

- ~AFE 2 B R H
* 4-4
AE £ 2 35 8 & % k%
B R (m) 4.90 5.12 5.22 5.22 532 532 5.32
O % 7 # § = # O O O
F & F e H HHF (M) 1.94 1.98 1.99 1.99 % 1.91  2.00
% = H H g (m) 2.02 2.01 2.01 2.05 3 2.11  2.07
K% = H A (m) 1.88 1.93 1.94 2.01 # 2.05 2.03
B # % - H H g (m) 1.75 1.81 1.82 1.84 a0 1.78 1.80
| # % = H & B (m/s) 8.03 7.95 8.07 8.05 8.01 8.12
# & % = % % & (m/s) 8.01 8.06 8.09 8.14 8.07 8.15
F & % - H & &2 (m/s) 7.96 8.04 7.99 8.11 7.98 8.03
F & % - H #F & (m/s) 7.95 8.02 7.96 8.10 7.82  7.94
A gt ok T @ B (m/s) 6.93 6.81 6.95 7.03 7.11  6.87
Az gt £ B @ B (m/s) 2.43 2.47 2.29 2.39 2.32  2.51
A Bt & R (&) 20.82 20.56 19.93 20.12 19.35 20.66
A B 2 (cm) 6 3 5 4 1 13
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(=) ~ @B = 7 8L 2 1t R

(m/s)

7.7 ——5m22(% )
- 5m22( % #L)
72 \

7.03
6.95

6.2 : : : : |

mEL R wE EER = oF B[RRSO EEE AL B

Bl 4-5. A +5.22mz@E B = # &2 Fpt 4 T i ¥ g ks A
EoAr Bt 2@ ROV [

B oF B A pTip S Pt Y o A B BE 2 Aot b R T o&E S
AR R RT o W45 W ey 0o B ke P R
2o s B B B = F oA B2 R A e R ko

=

Foid o F 0 FEE R BB R E ARG D

a L0 1906) o A dzpbiE R LB P4
2 Mok 3B ehM 4y ¥ 5 3 & hF % (Steben, 1970 Brian,
1998) » &4 B T B R AP E AR S E OB P L E £

t
<%
=
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% 4-5
Bif £ % 3 & & % #k %
B R (m) 4.40 4.60 4.60 4.60 4.70 4.70 4.70
E - S O O
B F = H HtFg (m) 1.99 1.96 1.93 2.01 1.96 2.00 1.96
K F = H HtF (m) 1.99 2.07 2.07 2.07 2.06 1.99 1.88
B x = H H g (m) 1.90 1.93 2.05 1.96 1.90 1.85 1.87
F B F - H H g (m) 1.84 1.86 2.02 1.85 1.90 1.82 1.77
B F e H E R (M/S) 7.45 7.34 7.31 7.44 7.25 7.40 7.39
| #& % = H & & (m/s) 7.50 7.39 7.39 7.39 7.35 7.37 7.31
T ¥ % - #H & B (m/s) 7.39 7.28 7.32 7.31 7.30 7.37 7.27
T ¥y - H & & (m/s) 7.21 7.20 7.21 7.31 7.22 7.28 7.22
A= Bt ok T o R (m/s) 6.45 6.42 6.47 6.50 6.37 6.52 6.44
A= B B i R (m/s) 2.66 2.72 2.53 2.44 2.57 2.68 2.49
R L 4 (&) 23.68 24.21 25.53 23.44 22.75 23.28 25.37
A2 Bt 2k (cm) 19 11 22 28 26 34 0

(=) ~ @ xS

d B 4-17 5 N BE L g E - B2 A2 ¥R B

Pob A o B R s iR R AP

¢ G i R A 0 e T LG L R
*

oo B34S g iR &R
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Floompaid R LR BELSF R KL AA L
{43 FhERmFE (BFP > 1998) o 5y » BE £ 3
ERBASHBHER LM ( EREMERD AP
B ook Mo

(=) ~ @B = 7 8L 2 1t R

8
7.5
» ——4m60( % )
g/ —m—4mG0( %k 8L)
4m60( & #1)
6.5
6 : : : : |

S LR R e D 1 = B 5 - ok & 7
ElRR vl B 2o R o R - Ll

Bl 4-6. BiE £+ 4.60m3F Bt = 5 &2 Fpk 4 pTiF ¥ RS B S K
oA Bt o2 i ROV ORF

i B 4-6F 5 A ¥ A pTie = X FE R Y 0 AP
TH =2 5 Hh2d BRI E s EZ R A EE -
2 @R FEP AP EIT R T A L RFER DR G T R

Az priE R 4 BE o AFEHF R ES R F D R A
Bew o o2 X e B A RS RS A g R
oo & e & v g > B IR EHEESEF RS



(% 2 4 ~ % & & > 1994) = F g o 4 WP B kB IA
AATEIE R A A B it o F s S f A e

= CEELREHB

B R (m) 4.20 4.40 4.60 4.60 4.60
O % 7+ #F B = # O O

F & F e H HHF (M) 1.93 1.98 1.92 1.93 1.99
By = H H g (m) 1.85 1.77 1.82 1.77 1.81
B F - #H A tF (m) 1.80 1.91 1.74 1.72  1.82
T x - H W (m) 1.74 1.83 1.68 1.71 1.79
F B % > H # B (m/s) 7.56 7.61 7.52 7.56 7.65
F #c % = H #* B (m/s) 7.48 7.59 7.42 7.53 7.54
w By - H & B (m/S) 7.37  7.49  7.40 7.47  7.42
i #& % - #H # B (m/s) 7.31 7.40 7.30 7.37 7.30
A gtk TR R (m/s) 6.56 6.63 6.58 6.44  6.61
A B B o R (m/s) 2.45 2.37 2.34 2.46  2.39
EI L ;4 (B ) 23.36 22.57 23.79 24.56 22.34
A2 B¢ 2k (cm) -6 -8 0 -20 -2
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) o~ Bk 2 R OH A

d A 460 wCE S B F M FHDF R Y I A

El
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-l g CE A kg @ IR AFEKS e H D
RPN RAE SR A
e
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» BA i3 R OB B TR (F 25 10 % o0 1997) -

B R R UM RS ERE R DIRPF T RFIEE

R K E T L R Y 2 KRB LI 4 R

( ~ % > 2004) > #p & & #& B iF £ 02t 553 3 R 12 @

g

C¥ £ B A o s b tsn %P & d & ERO0.21 (m/s) >
RPN R A E S B S s Ay - H 3 A B E
B4 4077 (m/s) > érd = = RpP B%FEE P44 D
s B PV oa A% 5 CE £ e g BB &

T3 Repfe > > I s I AP ERFE R L DR

T B CE &+ A pged ke LEFF Lo

M
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$2 8% RAASHBEREIFIHFLIBBEL LN RAK
- ~FE BRI HZ AP R ANT

% 4-7
AE £ & %+ 3 5 84 5a3 5 (5 = % 2 4= Pt 2 i B R A

g ] 7] #x 7] #x 7] # 4> pe
%z H £ -
¥ = (m/s) (m/s) (m/s) (m/s)
A E &£ 8.14 8.11 8.10 7.03
* 9.47 9.47 9.77 9.00
11
10
P 9 9
=g R w1l .81 —m—
” \ o
6
SRS L A e R . = e Bk

Bl 4-7. AF £ & F + 3F 5 b g5 5 18 = H 2 A= P2 OB R
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5 9.47 (m/s)
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© & 0 1994) -
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23 ¥ pe 3 E
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, 1996) -

= A i i

-~

- BN A

NS

PR C R kT R
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>

BoA ow &5 #k % = #H 5 9.47 (m/s) ~ F # % - H 5 9.

(m/s) ~ ® &% - #H 5 9.77 (m/s) - & 7 & ¥ 2 i3 {8 K
Bd &L ERFPHF ARG oooa P T FAE S AFX

PR R N

R hd AL EFER F A LERT R

w2 o RPN T FAE LG A E e E & %or

2 oEFEE Mg iyl 4 0 IR EFF R RERP KD

¥

(=) ~Apk>TiERZALEH

Am R R AR R FE e REE S ko
B B 2 RER SR AEE PN LN A
o Az g R o0 T Aspr i R AR E S AR KRS
4 > 4+ £ B i & 7% % (Steben, 1970 ; Brian, 1998) -

AL AN T 3 AE L AP B G T7.03 (m/s) o
BEE A YRS EE L L FE S A d R

<
i

g

F_k

|

9.00 (m/s) (% 4-7> M4-7) - & ¥ % 4p £ 1.97 (m/s) - ¥ X

Bp 9 3+ AE L AL pd BB DFRT R A4 P

WE Y TR E AR NS i £ DELE SRR

P AR 2 FREE (BAMF 2 F 0 2008) o

oo Bmp O EE A B L RO s
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I~ FEFBAEABE BRI AL

oA % v 3 4 (1994) 7 B R M e & % O d Wb
Beo g d 2 R ) 0 R o B A 2102 2 F A (8 &84
Ho2 FEH) o AP T RPN T FAEL RS e HHEFERE AL
G % 1.99m -~ 2.05m ~ 2.01m ~ 1.84m (® 4-8) - P

&l
o
Hr
T
5

BT L2 v Rty A R ER T BTN AR
FRwm kA HoHHEERE D RAES AP ERLS NG R
Boan g F oo A ou L E ey - H R e kY - R DR
oo B bl - H g G L E BB S
Hode B o oz PR O E 0 (G o F R oA A B AR
(Bartonietz & Wetter, 2001 ; Angulo-Kinzler et al., 1994 ; %
P> 1998) o%Fﬁ/J~ﬁv+§)§i{E4ﬁaﬁﬂf@J$t%3:ﬁ)ﬁ“ﬁxﬁ‘é—
Fih £ g E L oy (A X - 22 gk 3% ok Fo 1987) o
B pr 5 3 A:

S W
-

E L omT pydE gles s 227 AN T FAE S
EE gy - Nt Bk NP R LTS A R R

v Il' "‘ “.:L_ _‘;¢ #E 14- o
1.99 2.05 2.01 1.84
By g 5] s v b | By 4] g5 5 = 4 B A3 g o =2k | By 45 g5 s — 4 || e Bk By 1F

EE E = (m)

Bl 4-8. AE £ #F X 2 g & &z H H tF H
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Bl 4-9. AF £ & F + 4o gt 2Lt R R

£ 18 de R R YR LR DT R - U R
B3 h50% o @ A2 B B S iF o Bl O R R E 2
B (3F AW 0 1992) o de R Ac prEE < R 0 £ § e BB
B F 3 mE PR E Y o R @ EE A R E P E Y
Fiegr» L E 5 > $RADHHE TERLSTEZRE (2 %R
2002) ° #F £ Az B R A L HFEF 2 2 3 M
S e g g R R i B A A4 A B T R OED WA

e on A ZTHEA N FEFARSHERERE O AR EE T
il Z ~ 32 N A4 - 1994 33 o>

B A A (F &Y > 19955 E F
2001) -} 2 #EF = 8 > By oo B M2 oFgen A BB (28
oA B g R E R F A # 8 (Schade, Isolehto,

Arampatzis, Briuggemann & Komi, 2007) -
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T o~ A2 E AR 2 A

24

22

A20

-

18

16

14

A A7
Bl 4-10. A £ &2 % + 4= p¢ & B W % B
A Bt b R LAt AR r G BT P E B e
kT2 % 903,85 & > 2 Fdmdepd g7 0 FeEI
bW B D BB B T dg ¥ @R e d LT oM
A EALPEanLE e d a0 LG { f RN RS
£ A H F (32 F g > 2001) o AL pr hE B A X ) BB K P
E LA DB Y o F AR ER S R AR R S
et @ A Ar e A4 0 3 IR B R (5
£ 0~ 32 R4 5> 1994) o B owm e R - mh i F BB E L oh A
Az Bt & R 5 14-24% o 2 R B A E E F F A pr R S 19K -
k18R (3% & ~ 2 i 4 > 1994 Attig, 1980) -
AT RPMT AL L Az RS 2012R 0 & F ¥

T HEFVRSDELERZFRN > ERGESLES LR
Brdp iRy LGLAEPEHILEHILRTFF R
wHEESER (X B R) FREFALERTEZ - 0 A
V=R S MR T IS I W S-S BV N1 EPNNE G e A -
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