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WETER g3k 46 N ALHE 32 44 T Pkl il o AR B R (178.046.5) em (KRR (70.949.4) ke 14 4
ARBRLIUB AR AL, B (178.7£4.5) em, (R BUH N (73.84-10.3) ke 31l KAy BRI U7 L 90 A Br
WD Dl I [ 32 2k ) 2 fid o E AT B BRAE SR RN HOR B — E B ER A 5  2) R A2 it R GE Y 2 BRL Tl
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2 W K H FE KIS (maximum voluntary contraction, MVC) Mz,
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FR I 32 38038 HE A 4 5 B AT B 05K s A I [A] BR 6 5 2004 5 s P4 58 W08 BR Bl AV 5 ¥R gl BRI KT, by S5 A 51 4%
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Tab. 1 Scheme used to categorize coordination patterns

PR AR b4 PR RRAE b4
s e G ) (—180°, —157.5°) ,[ —22.5°,22.5°),[157.5°,180°] W R ) [ —112.5°, —67.5°),[67.5°,112.5°)
[R) A B 98 CIR)ARD [—157.5°,—112.5°),[22.5°,67.5%) SEAR PR AR [—67.5°,—22.5%,[112.5°,157.5%)
1.4 HIESH

il 23 WL 38 05 25 43 W it o B 3R A2 2 6 I 45 210 & U R RRAE 7 B Lo 461 L UL 1R P 90 950 SR AR A A
B 25 78 AN [R132 3l 7K ST F1 2% A A8 AR 8] 1) 25 57 4538 sl KOF RS 1R A A 2 TR A7 2 58 B AR S I 4k 0 FH S D Ry
2557 T € [ — 32 B 7K P N 2428 A X 25 48 A5 1 52 e, A Al 7 BE AR T 36 0 2 TR — 2% 48 1 38 Bl 7KOF X 45
FERR Y A Ge 48 BN SPSS21.0 (IBM., Armonk, NY , USA) 58 i » i 35 MK P 5 S — 6 150 2% i %
ANKF 0.05.
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2.1 BIKiEzhRM|
15 Bl 7KV R R S5 R A e RIR A 52 BARE I B 35 (3R 2).3 Pk 55 10 T B WUR 54 B RER s 3 i 3%
RT3 R 2 A T 2 kot Sk ) rho R B B N T R A AL 2 A A2 A B T e [] BRI 67 3K B i A
T/ T B A I [ BR ) 2 23k (p = 0.015) R Sl BRI (p =0.005).
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Tab. 2 Kicking performances

LKL B Tl KRR (32 4D p I pfH pEGE
BR R A T B ] P A7 B 1] B o T B i) PR A5 B 1] B o Gazh (B FKE X
o o BBk R o Bk = " e
i 52 fir Bk i 52 fir Bk il 5 fir Bk il 5 £ 1R K BRI
BokERH/ , , ,
(m e s 1) 20.57+5.22*> 20.4845.36*> 19.21+5.43%a 13.22+2.38"> 13.33+2.48" 13.924+1.94* <C0.001 0.659 0.009
JEERER L 5 BR

0.3740.11*2 0.4040.13" 0.42+0.15* 0.99+0.26% 1.0540.27 1.10+0.25 0.001 0.014 0.495
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AT Sty /N8 38 2 (R 3).2 A1 32 33 1) T N R] B 67 3K B 25 R R 4 - S I AR o L B8] S R AT e ]
R il 52 2 BR (p = 0.009) FRE B BRI (p =0.016) , FE-BR [R]AH o B b 451 K F B 7R sh BRI (p = 0.032). 5 Te i} [A]
RIS ) 2 07 BRI, o TR 7 A4 5 TR B 98- R S AT o ) B 9] S8 3 K 3 3 R 2R R TG B BR A A R IR 2 A S
8 i SR 1 P N 0 T NE= <32 SR 1 S T L I ] N e 8 1 N 22 S S DI 1 4 P 10 N34 S8 7 B
S BRI, S 45 TR 8- TR () A 7 B B 81 S /N T B A TG ] R ) A7 R st 5 A 2 24 8% TG s i) B ) 3 Bk B
P T R A 3 o BE L9 /N T B A B ) BR A E 2 ER A (p = 0.018) . T & T A 2 A i AR A e 3 Fh B ER 5 X 1)
T EM L.
£3 BENRSHYHDSE & 5

Tab. 3 The time rates of each coordination pattern in backing swing phase %
- LIRS A (14 4D Wil KA (32 44D P p M pEGE
BB g EMEE AR - AWBEAER GBS OB SR
Ak B s 2 3
Wafok  mmsk Tor ST e S S R T O Y I

B ERR - WA 41.04+15.97%>  39.4+13.0" 40.0+13.4*  37.3+£17.3" 30.3+16.5  27.9416.0 0.050 0.015 0.083

A 6.543.5" 7.648.0 5.745.7 4.6+2.3b 6.6+5.6" 8.747.7*  0.578 0.541 0.048
WG 8.7+4.5" 9.74£7.3" 10.04+7.2* 12.6£7.1 15.6414.8  13.54+11.2  0.032 0.146 0.638
MG 41.1416.0 43.3+£17.0 44.4+16.2 45.5419.0  47.8+£20.6  49.9419.8  0.401 0.144 0.939
B R BB WA 20.6+£15.3° 21.0416.1 17.0£11.4 28.34+18.6"  22.9415.9 20.6+15 0.343  0.020 0.339
SAH 6.2+7.8 6.6+9.8 6.3+7.9 6.3+6.8 8.4+8.3 9.44+10.3  0.491 0.234 0.443
WU 59.2418.2%  58.4+19.1%  62.8410.8* 45.8423.9  44.6+£25.9  44.3£26.7 0.034 0.632 0.597
LY 14.017.3 14.145.9 13.846.7 19.7416.9  24.1420.6  25.7420.2  0.071 0.113 0.117
SCPEBRAE-RE WA 18.5+8.6” 20.74+10.5""  14.,14+10.5"* 8.61+8.7 7.84+17.0 8.1+7.6  <C0.001 0.059 0.016
A 13.94+10.9¢ 13.549.9* 13.44+7.6" 2244125  19.9+411.7  22.24+11.8  0.023 0.325 0.470
W 5.2+4.2 5.244.9 5.544.4 6.66.1 5.845.4 6.6+4.0 0.460  0.697 0.795
W 62.4+17.9 60.6+17.9 67.0+16.6 62.4+17.7°  66.6+17.6  63.1+16.4 0.888 0.509  0.038
SCPERRIE-BR [EAR 71475 6.3+5.6 8.26.2 6.9+5.6 5.7+4.3 7.5+6.8 0.746  0.141 0.976
M 7.9£7.9 5.1£3.0 8.0£6.9 7.7+£5.4 6.3+£5.3 5.343.6 0.689  0.059 0.099

o 81.564+14.2 80.6+£16.7 80.3+£11.4 80.8£13.0  82.9+13.1  77.84+16.7 0.939 0.562  0.502
Wy 3.543.9 41443 3.5%3.4 3.4+2.4 3.743.0 5745 0.547 0.268  0.163

T HEE R4 WA 2R o 5A I BREE R A W R D SRR ILA Bz 5.

RUEEBY Bt : TCI8 B BR A% 1 » 4 T 2 A 15 Kk M 45 - e [0 A o7 B b 9] 8 /0 35 3 K 24 A (3R 4) .38 gl KO-
I 3K 2% A 0T 85 3R B IR S AT T i 0 G2 3 7 I LU 491 B8 B AR T A 3 K A A 18 T I )RR TR A 3K R -
BRLSEAR  E R ) R T BR sh BRI (p =0.018) , HL7E AT AT B Bk 45 1 T 35 K F L 0K 224 b, 35 K2
A 855 6 st [e0) R ) 37 3o B 3255 3o S - R iy o B B ) /N T B VR B ER B (p =0.003) , I HE 2 Bl {7 3R 5% 48 T /I
T IR A I - v o B B8 D) AR . TGS B ER Sk M L T K 2 A S A R I S R U O | M- R A i
P B LU 9] 8 2 /0N T 38 30 R A A T S A R - AR ) A R AR R ) A o B B g R T R 2 A

T H B B - TCVE B Bk A A, & T 2 A 85 R I - S A R S A TR - (A B b ) S N R 2
Az T 25 R TR R BRSBTS L9 K R R A R (R 5.
2.3 HtE4R

iz ) 7K TR BR A& A % HIL PR IR 35 06 3 9 8 A FH B I 2 (B S S 2 4 A2 302 185 G I [ B 1)
AEBRI B Y Sk JUL- I 26 JUL B 80 38076 o5 2 35 K T IR S BRI (p = 0.028) , B8 B AT WL-BIE Jia JUL B9 980 3875 6 . 2 /1
T 154 1 A BRI 2 AL ER (p =0.036) FITR S ERI (p =0.013). T8 B BR 4 1, & 190 K 2 A= B8 8 B WL-BE i UL
PE O AR N T KA A TC IR B BR AR A R IR AR AR 3 A B B 3K N IR % I 28 B BB S 4 T R - R
B bR 22 3R T8 38 R 2 A (SRR S2).
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Tab. 4 The time rates of each coordination pattern in leg-cocking phase %
i LIRS (14 #) HIE R (32 4) Pl p L pflGE
RV g EMEE AT R s EOEEGMER o GES OB SKY

il % Bk il 7 {7 Bk il 5 o1 Bk il 5 o Bk K &M EREMD

B R BRI AR 0.3+0.67 0.340.7" 0.240.4" 0.641.0 0.7£1.0 0.5£0.8  0.006 0.588  0.930
A 51.3+13.8 50.9413.2 49.349.3 47.1410.7  47.0£12.9  45.2413.2  0.744 0.308  0.993

Y 14145250 15.1£3.0° 17.345.0° 16.245.7"  16.04£5.7%  17.246.4*  0.499 0.048  0.458

W 34.3+14.2 33.7413.6 32.949.5 35.7412.3  36.24-14.5  36.84:14.5 0.476 0.999  0.831

BRI E-BR R4 7.7+6.8 10.4412.7 5.744.2 7.14+6.0 6.6+7.1 6.31+6.8 0.529  0.105 0.200
S 7.7E6.4" 8.64:7.6" 12.7410.6%  35.4419.2>  33.7420.7  31.0420.5 <C0.001 0.871 0.022

WL 73.4418.5% 71.4422.3% 67.1421.7  49.1421.1b  51.8423.6  55.7423.1  0.009 0.965  0.006

Wi 4742770 5.143.2" 6.44-4.5 8.444.2b 7.944.1 7.043.9  0.046 0.895  0.002
HAERRE-IE R 40.6510.8%  39.3410.5%  42.5+19.6" 27.74£10.6  28.9%11.1  29.0£11.8 0.001 0.674  0.617
S 1a+17 0.6+1.8" 0.440.9" 9.7411.0 10.2411.4 7.448.0  0.001 0.356  0.561

WG 16.949.7" 15.6412.1%  16.4+15.9" 24.0£11.7 2444121  24.7412.2  0.018 0.883  0.896

N 41.4414.0 44,5412.8 40.7420.0 38.54+12.1  36.5+12.8  37.84+10.0 0.215 0.783  0.114
SCHEBRIE-ER AR 19.6£8.0° 19.547.0* 19.6£9.4 " 14.5+6.1 15.048.1 14.54+8.4  0.026 0.963  0.934
SH 35.0414.8> 35.4416.3" 40.54+16.9°  36.6=12.5b 35.8213.5b 40.12213.3a  0.901 0.039  0.876

TN 29.3413.9 30.5416.9 26.8417.0 26.849.5  26.44+12.2  26.14+10.9 0.513 0.243  0.464

MM 16.1413.3%  14.5E11.9° 13.148.4" 22.2412.5  22.9+11.0 19.3£8.7  0.027 0.224  0.717

TR * GEEREE A REZES o SARRBRE E R A BEEER. D SRR B EEZES.
£S5 MEMNE SR hEFE & BB
Tab. 5 The time rates of each coordination pattern in leg acceleration phase %
) LR (14 £ il K2 (32 ) Pl p M pMEGE
o wim T I B 4 I i) B FIF R A R Gazl (R FKF X B
FHIE . . R . . EEER \

il 7 oz 2K il 2 i 2K il 2 4o 5k il 2 o7 2K KD KM BREM

B ERR - WA 38.3E£14.8 38.2+15.3 38.3+13.4 38.74+12.3  41.9+14.6  42.4+15.5 0.533 0.174 0.144
S 0.0+0.0 0.0+0.0 0.0+0.0 0.2+0.7 0.240.8 0.04£0.0  0.155 0.368  0.368

WG 3.8+5.5 4.645.9 5.24-4.9 6.445.6 7.445.7 7.545.0  0.118 0.091  0.958

e 57.8419.6° 57.1420 56.5+17.3 5474155 50.5417.4  50.1418.4  0.322 0.050  0.248

By ER AR EE-BE R 13.1+10.1 14.2+11.8 14.4+10.1 18.1+12.0  16.9+12.3  15.0£11.0 0.414 0.786 0.219
S 144420 3.147.3" 3.77.7" 8.474-8.9% 12.349.9 11.3£9.4  0.003 0.017  0.462

W 85.64+9.6%  82.4+13.1*  81.6+12.8"  70.2418.7*  67.3%19.9  70.4%19.3 0.013 0.044  0.411

WLHE 0.040.0 0.4+0.8 0.341.1 1.1+2.8 1.242.3 0.6+0.9  0.127 0.315  0.483
KRR WA 4.6+6.6” 8.5+11.1" 10.5£17.8* 14.64+19.6  10.84+11.9  13.24+17.1  0.012 0.585  0.215
S 24.3£18.7%  26.8+£19.8%  30.2418.7" 19.5422.1  20.2423.2  26.9424.5 0.006 0.107  0.751

WENE 66.4+18.7 63.84-16.3 57.84:22.8 61.3424.9  58.7426.7  55.3422.6 0.528 0.149  0.916

L Viig 2.2+3.8 0.9£2.5 1.442.5 4.6+6.8 5.5410.7 5.7£9.9 0.110  0.929 0.421
SCPERR B A 14.3£10.3 11.2£5.8 10.247.2 13.94+12.2 10.64+8.5 13.9411.3  0.720 0.121 0.340
SAH 33.2+20.4 35.8422.3 42.44:19.6 41.2422.4  44.8%£25.8  43.4422.0 0.351 0.215  0.364

NG 32.6426.5"  38.2422.2°  31.8+23.0" 25.1423.1  23.5423.5  25.3219.2  0.005 0.598  0.195
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Effects of sports level and kicking condition on the inter-segmental
coordination and variability of instep kicking

Zhang Liwen', Zhang Meizhen', Liu Hui*

(1. College of Physical Education and Health Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2. School of Sport Science, Beijing Sport University, Beijing 100084, China)

Abstract: [ Objective] To examine the effect of sports level and kicking condition on the inter-segmental coordination
and coordination variability of instep kicking. [ Methods] Kinematic and electromyographic data were collected for 14 soccer-
majored college students and 32 general college students performing three instep kicking tasks. Differences of the time spent
percentage of each inter-segmental coordination pattern, the activation rate of muscle coordination, and the standard deviation
of coupling angle among sports levels and conditions were identified. [ Results] The kicking leg hip-knee in-phase and knee-an-
kle proximal percentage of soccer-majored students was significantly greater than that of general students in the back swing
phase under the three kicking conditions. The support leg hip-knee distal percentage in the timeless condition of general
students was significantly lower than that in the time-limited condition, while there was no significant difference between the
kicking conditions for soccer-majored college students in the back swing phase. The kicking leg knee-ankle proximal percentage
of soccer-majored students was significantly greater than that of the general students. but support leg hip-knee anti-phase and
proximal percentage were lower in the leg-cocking phase. The kicking leg knee-ankle proximal, support leg hip-knee anti-
phase, and knee-ankle proximal percentage of soccer-majored students were significantly greater than that of the general
students in the leg acceleration phase. The tibia-gastrocnemius co-activation rate of soccer-majored students was significantly
lower, while the standard deviation of coupling angle was greater than that of the general students under the three kicking con-
ditions. [ Conclusions] High-level athletes achieve faster and more economical instep kicking through the knee flexion-extension
dominant inter-segmental coordination and lower co-activation of lower leg muscles. The dynamic stability exercises involving
knee flexion and extension, as well as activation and relaxation control exercises of the lower leg muscles, may be effective
ways to enhance instep kicking motor control ability and performance for soccer athletes. Rolling ball drills should be incorpo-
rated in soccer practice to enhance the resistance to environmental interference via adjusting the inter-segmental coordination of
support leg.

Keywords: inter-segmental coordination; coupling angle; motor control; dynamic system theory; instep kicking
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Tab. S1 The coordinated activation rates
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Tab. S2 The standard deviations of coupling angle ()
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