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Biomechanical Analysis of Badminton Forward Steps
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Author: Lin, Heng-Wen
Advisor: Tsai, Chien-Lu

Abstract

The purpose of this study was to analyse the lower limb kinematics and kinetics of
badminton forward steps. Eight collegiate elite male badminton players participated in this
study. Eight Vicon MX-13+ cameras (300 Hz) were used to record the 3D kinematics data,
and a Kistler force plate (1500 Hz) was used to record ground reaction force. All data were
calculated using Vicon Nexus 1.8 and Visual 3D. A Wilcoxon matched-pairs signed-rank
nonparametric statistical test was conducted to compare the differences between 2-step and
3-step actions. The results indicated the following: (1) The time required to move and hit the
ball for a 3-step action was significantly faster than that for a 2-step action (2) In both the
3-step and 2-step, the early period of supporting phase , muscle groups of hip extension, knee
extension and ankle dorsiflexion eccentric contraction occurred of the X axis, indicating that
additional muscle training should be performed . (3) Higher hip flexion and knee flexion were
observed in the 2-step action, reducing ground reaction force. In the 3-step action, a smaller

ankle dorsiflexion was observed, reducing ground reaction force.

Key words: forward steps, badminton footwork, biomechanical analysis
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41 - HHEZHPERF FE R (B )

S # i T yade i Wilcoxon
= 1.18 0.12 -2.100*
% i pE R
=% 1.06 0.08
= 1.24 0.14 -2.100*
F of pF Y
= 1.13 0.08
= 0.70 0.10 -1.687
LR
=% 0.74 0.12
= 1.94 0.20 -1.612
= 1.80 0.15
*p<.05

27



$o8 EHTRK

B A2 S Bz H LFR BT X o (KR5) & ME LRSI RTR LAY

GBS B SIS CH B HIEAEEETLE .

242 —HEZHaFrmP Xme LHS LR R (Eix: R)
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=% 56.35 8.61
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=% -13.09 2.54
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R
=% 54.59 3.46
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Ve
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244 -HBEZHERAEGF Y 4 Bt (B %BW)

% #c s iF T 5% L Wilcoxon
, - % 1.04 0.17 -0.911
X #h
=% 1.11 0.19
, - % 078 0.07 -0.631
Y b
=% -0.81 0.11
Z b - 1.85 0.19 -2.028%
LA 30 =% 2.10 0.41
Z b - 2.00 0.15 -0.140
FoEiE =% 2.01 0.21
*n<.05
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BepE AR RFAR S L 101 8) oM B E M &S EE RO FTR .

%45 - HHZHESHEp 4 EE s ) (H = N-m/kg)

% 8K iRl T 3o i Wilcoxon
M & =% -3.60 1.16 -0.840
X phre =% 4.19 1.11
M & =% 3.06 0.99 -2.240%
Y g =% 4.20 1.40
YT - % 2.33 0.47 -0.840
X e =% 2.42 0.47
YTE - % 112 0.32 0,631
Y phe =% 119 0.45
BLRE & - % -1.21 0.24 -0.491
X e =% 128 0.38
BURE & = 0.17 0.13 -0.421
Y e e 0.17 0.09

*p<.05
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LAREM S HIRA S AR AN S HEZH A X e FEERTFOMESLRER G
FOE® 4 ap b A5 0 3R F A 45 £ 2 B Spearman Ap B #ic o
A6 G- H THEIMEFLrRTERSE A G F % 4 aphf BT A

P

EXPh oMM E SRS FE R AR SR A E G T 4 M ERE B UG

PIEAEREFIM
%46 ZHTHRAIAMEFEBRTLRE SRS a F (% 4 Spearman 4p i % #ic

LB & 3 P Y I ¥
X -0.810* 0.786* 0.476
Y #i 0.240 -0.180 -0.683
Z b - -0.216 0.515 0.551
Z b -0.310 0.095 0.333

*p<.05

PR ARG ER ARG F Y 4 phl GEcT R H

m’ﬂ

24T 52 HTHEMEF
BEITH 4 M EREY > BN R A A EETM

Z\47’:‘ Tn}i%?ﬁé%%f‘%ﬁ?i&ﬁ&%%ﬁﬁi%g; Spearman#grﬁgl’ﬁ,\ﬁ'{

LM & CITEE 2% BB &
X i 0.143 -0.048 0.857
Y #h 0.024 0.024 -0.714"
VA U 0.429 0.429 0.690*
Z#hs - 0.323 -0.168 0.874"

*p<.05

37



¥ L

i\
<
¥
P2
X1
¥

$- & 3t

T Y o S B = BRARE T - fhede (T e d & 422 X 43 ch T

‘?

MBERIEFE BRE A FRERORE TR A8 0 0 BRER 4-1-4-3 5 ¥ BRI F
ﬁ%%{ﬁwﬁ’J#%ﬁ?%%ﬁﬁ%%{;ﬁﬁ;ﬁ’E%H%K%ﬁ%ﬁ@ﬁﬁ
VEA R e @ B o {9 B 4-7~4-9 ATRLE T ok g F iR 4 F s {e Kuntze, Mansfield
2 Sellers (2010) 2 Lees £ Hurley (1994) %= 7 % % 5 49 e i > TEU‘F% e
HEZ KRR TR o 2l Bt IR LT B onds (7 Al G F % 4 iR e 54k
ot A ¥ BRRME LR (4-4-4-6) &2 M HFup 4 EnT RS (B
4-10~4-15) » + E_F 4p e 0l yi&{: ez Hent FFH R (T FAF e

PR SEIA o d & 4Ll FOUFRI| > 2 e B F R TP AP
Hodm i g kT AL ZFhe - BB AP RS N5 1 (2007)
REE R PR A B e TR T 2 G ?é‘éjﬁifﬂéﬁ'}’—‘
F e 4 o m fpm g dndl o d 2Rl A S kB A 4
- F A0 T G AR (impact) A 4 g0 (Winter, 2004) > gt FF £ F AL
W0 EF o BF AR S AMXIG T (Nigg, 1985) -

AEFZHE= AN Z fhe 5-HEE2 5% Es gk Fr 4 430 185 B
~210 BRE2Z B Xghe 430104~ 111 @R L2 FF > Y fhe 430 0.78~081 248 &
2 o & F o (2008) 2 24 F (2008) A i F RO Bk TA4ET 0 AT
AFE g e (TR T E G - qerk oo

B a4 B > TR B & X e (OB & 4 R % T e Kuntze, Mansfield £
Sellers (2010) =F= 5 4pfF + = # 812 ¥ mEFFILenL B o e GAEH & Y pndt A FE L
FRHFNLRE I NAET T AFE M S Y e b (T § 7 AT L Al ol
P HAEEERTTEEEE S e PR TSP AF R U ERCS @ 2 R
A hA Ly p T iE- o] REBRF YRR LSRR R G E T

MR P



R Xdhe TS LRSS B gl’—‘ﬁié_ﬁif&gé?ﬁ”%4-lxlﬁ4-4ﬁ
B 4-10 364 > &t fFa B2 o REM B & RE A o M EEERY TR A BE
M4 R AR Ef B )T"uii%ﬂ%l‘ FECE W R G s FLL AL P R B
HiE{Ta '»”lxﬁﬁ’ PtsHp v BN B L (TR FT?%ﬁFbg TR T Rl SN TR R
W B > F P PSR ALY B 7 s g o R Sk R R 42 -
B 452 @ 412> X Fadpne o BB 4R &by M & LR TRAY i
M4 AR ﬂ—\é m o » rq\gﬂ;rbﬁ,‘q\@‘w [ el s F] SR BE G A gt PEEL R O S A

BT B T BT k4 piEir @ ,T,}Q{ié BAvET® > b & by PR

rﬂﬁ"igf‘%ﬁ-'u‘iifﬁ’ﬁ-%ﬂ" ~fEH AN By LY oA R EEge P B B
ShERETIRY EHcE > Flpt? SHRFEEN BEvEETe s T o @ BB g 3n e P A
¥IPRE 4-3 -8 46 2 B 4-14 mHp FILA S F Aigipd > B A3 B T IRy Bl
A ERE o A RS AETER S TN A R IR TS TR o R F Y BN B Ay iR

MO B iBAz > A S BRA Y BT AR AR S BRERT PR
B RAFE RS RBIRAET A MELERTRT AdkE > T2 ST A E
m%’ﬂ“ééﬁﬁ%°ﬁuifﬁ?ﬂﬁﬂﬂ’ FrAgamy o TR E T
G T R d (T Tt LM T BT SRR SR R
AEFEA AR HMEREY A SRR IR I F ARG 2 (Sigward &
Powers, 2007) « @ 1335+ F #f (2008) %7 3 % 471} » T Mtende T AR § 4 ah 3 B
WERGTngd o ST FLMAREY s AAFTYNEME LR > PE
£ g R SR-454E 9 (stretch shortening cycle) 55 (Komi, 2000) » 3% i #~p 7F L4
£ R g Pl W F M ST e s T g S A e

Aot 46 APBE R HECINA 0 Z H UM 2 B M E F R T LR X fhehk 4 ¥
BT A ARMEREE > f A AT AR EZHTRME FE BT XY - Z
Phid - EEZ W Eehk G F (v 4 4p Rl B ¥ 15— %4 7 Frederick f- Hagy (1986)
FRTHOFR AR Z MG FR LR AR s 4§ A E MR
— e T A TECERE S Aok B e 0 EER IR RER & A AR B & A &

By e E I 4 g dek A e = 0 ERT M &S ol F B R G

39



A
— N “‘:‘3— ‘::46

(=) 2H B B BIRPPEFREP L o

& BB ER AW T A M X B SR B A

T

Ji
I

) F e Hde TpE > R R PR E Ry ROBR R BT F R LR R G R

(

I

(EF 4G B = e TP RN B Bl R By RE OB R R (R e

() AL GERY D LPIRIELH i TPRE > ARTFE LT L RH e BB R
o (derrzk) o T2 TR BB

() ML RES S T ARPFELT T g r AR TS

() A5 GHEGEZ 64 TR UL IHEH 0 AR LT F b 2R

AT 0 LI R ERTE R R RS

40



24

AL ARPE N2 (2007)c B E LR AT AEL G E 2 4 4 T o4 o < B
&7 59 & 538 > 97-105 -

BT Y (2005)0 33 3k H 4 B TR A VMU & 2 A re < £ 49T T614-17
£ (2008) 0 A b T REEER £ (T2 4 B o T E 5 41(1) > 25-36 -

B4k 1 ¥ (2005)c S TREH-F IR R B HaEL F e < BT 5765 170-175 -

A ¥ (1996) o xR i@ h i T o YT L7F S 0 97 > 5557 | o
HEZE PP L ApF A (1998) F e EE B R A RIGEE RIGRRE R R IR -

#7235 169-176 T
A S APPSR AP F (1998)1 T Shds (T2 SE 6B e B2 A4 2 07308801 ¢
B (1999) ¢ Szt e A ML 0 BT H o PRR
B (2002a) o HAKEFFEPLKED FEAFE LY o LD AL

B (20020) - BIE L w ksl PR A BT IEH - Mo BT ERHE 13(1)
# 275282 <

4459 (2008) o« I TRIER B LT 2B A AT o A FEHF 013 5 147-158

AR (1999) o 33TR A A2 2 B * HiEhhdr o P EMT F ) 13(2) > 46-55 -
AR (2001) 4 B wNRELERGTAAFT] o A TF S L 7)06 8 >79-88
AR (2007) o LIEFF-KE L F o 4 L ERLFG I o
SEE 2T AR E (1996) o JZEF o R T A AT TVARAE o
SRS g1 aRE (2002) 0 s2 Lk o A AT L FRIVRAL o
KTIMT 9 (1997) - FRYTHHKZLFFE (z) —2FF o217 5 KT
VAT (1997) o EH L F A F e 1D o e RlE RAL

MEY (2003)c Fa#zrkrs L 7 it2 LREA Lo AN LH2 P B it §
g

41



FERCGIR (1998) 0 f7E RIS F R M RET < B DR .

JFF

WERT (1987) c Z FHEFHE2 > A NEMIh> Rz 3# <8 4a7 o

(1992) = 33 £ spiT 6 P w2 o P00 S Kb (T 5

B f»ﬁF’“;{~1§%’=’
BR L FEHEE R \4 T o

A M) e A AR
AER (1980) c BHIRIDAHERE o < E/RRIIERRFY § > 39-43 o

EEE (2007) - A P RS FF PR G F T 4 045 o EHTET 6
180-188 -

TR FRECFIESRF5E (1996) P My EAHLdFeE o/ FLHFT
oA EE 0 21(2) 0 103-119 -

F B M (2008) o J25tH 4 feds 2 FH 4 4 L7 ARG Ly 0 B2 AR
= g ’ :—g-_;}b’ﬂ °

HHD s pF AR ﬁwﬁz (1998) c 4 rH i 2. 2 4 B o7 - =T F/2m
A 8% 2% > 223-236 -

Puri (2004)- AWMBEA TP ENRELEFG LN AT cKAFF 487183

BEH ik PR F ML HhE ) CRAS (1997) 2 ¥ FE A2 RARA A
17 o P #F A wﬁﬂm/%é*ﬁffw 22 %> 1% »223-236 -

B RAE (2002) o iER s A AR LAY o R RT SR BFS -
B® 4o (2001) © % > A w g nkiE R o s FFF 0 11(6) > 34-35 -
BHEE g (1996) P A RENREHGI D AT o < E4F5 0265 178-183 -

Bartonietz, K. E. (1994). Rotational shot put technique: biomechanic findings and
recommendations for training. Track and Field quarterly Review, 94 (3), 18-29

Cavanagh, P, R, & Lafortune, M, A. (1980). Ground reaction forces in distance running.
Journal of Biomechanics, 13, 397-406.

Fahlstrom, M., Bjornstig, U. & Lorentzon, R. (1998) Acute badminton injuries. Scandinavian
Journal of Medicine and Science in Sports, 8, 145-148

Frederick, E. C., & Hagy, J. L. (1986). Factors affecting peak vertical ground reaction forces
in running. International Journal of Sport Biomechanics, 2, 41-49.

Henning, E, M, & Lafortune, M, A, (1991). Relationships between ground reaction force
and tibial bone acceleration parameters. International Journal of Applied
Biomechanics.7, 303-309

42



Komi, P. V. (2000). Stretch-shortening cycle: a powerful model to study normal and fatigue
muscle. Journal of Biomechanics 33, 1197-1206.

Kuntze, G., Mansfield, N. & Sellers, W. (2010). A biomechanical analysis of common lunge
tasks in badminton. Journal of Sports Sciences, 28(2), 183-191.

Lees, A. and Hurley, C. (1994). Forces in a badminton lunge movement. Science and racket
sports (pp. 249-256). E & FN Spon, London

Munro, C, F, Miller, D, I, & Fuglevand, A, J, (1987). Ground reaction forces in running:
reexamination. Journal of Biomechanics, 20, 147-155.

Nigg, B. M. (1985). Biomechanics load analysis and sports injuries in the lower extremities.
Sports Medicine, 2, 367-379.

Nigg, B. M, Bahlsen, H. A, Luethi, S. M, & Stokes, S. (1987). The influence of running
velocity and midsole hardness on external impact forces in heel-toe running. Journal of
Biomechanics, 20, 951-959.

Nigg, B. M, & Segesser, B. (1992). Biomechanical and orthopedic concepts in sport shoe
construction. Medicine and Science in sports and Exercise. 24 (5) ,595-602.

Sigward, S. M., & Powers, C. M. (2007). Loading characteristics of females exhibiting
excessive valgus moments during cutting. Clinical Biomechanics, 22, 827-833.

Snel, J. G, Delleman, N. J, Heerkens, Y. F, & Schenau, G. J. (1985). Shock-absorbing
characteristics of running shoes during actual running. Biomechanics IX-B, 133-137.

Stefanyshyn, D. J, Nigg, B. M, Fisher, V, O’flynn, B, & Liu, W. (2000).The Influence EMG
of High Heeled Shoes on Kinematics, Kinetics, and Muscle EMG of Normal Female
Gait. Journal of Applied Biomechanics, 16, 309-319.

Stodden, Fleisig, McLean, Lyman, & Andrews (2001). Relationship of biomechanical factors
to baseball pitching velocity: Within pitcher variation. Journal of applied biomechanics ,
21, 44-56

Winter, D. A. (1983). Moments of force and mechanical power in jogging. Journal of
Biomechanics, 16(1), 91-97.

Winter, D. A. (2004). Biomechanics and motor control of human movement. (3th ed.). New
York: John Wiley & Sons.

43



&
|
bt
A
\\\Xr
-
ol
E
%1\
W
\\\Xr
%
Bl
fmh
pu

FLHP BRI ehE2 454 E0¥

FEFARZ P AL E R RN B ERY > THREHS 2 F 4 F SR o
'Eli"?%—ﬁﬁ/}:ﬁ ,—F}]z 1*}3—"&‘}%—%}/;15\"11?"3"’_"_"?”'/:ﬁﬁiﬁﬁ,é’-’%ﬁ,\—kgé
e

RSP TS T RIS S S S
7

FoOXCEPEY R S S E N F B b F 0

R F SR £ I
Gl W BRI N
R AR

@ %7 35 1 0970-041023

44



