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Fig. 1 The settings of applying external force to the ankle inside and outside
Xof A5 AU R AT BTG ) ) S AR AA R HE P L BT AR U Y 2 mm, R 3 R BT 90 282 4>,
XoF L S sty E AT LA 2 B, 24 o T =Xk R E

3 ERHARTEBEZHERSH

3.1 HMBRANZHoH

HRAE & 1 52 J7 X8R, B 5 34 1 07 1) R /N DA B e 300 3 2% 1k 1A 5 R e T3 4 ) ek D g 00 f 3 i fom
Ah73 5 N. 20 N80 N.500 N FEATHIALL , 75 21 B4 A A0 J 38 8548 1 1 ) AL 7% = R an B &1 T

MBI T AT %60, 2440 J343 512 5 N 20 N80 N.500 N i, J& &85 #% 7 52 JE 38 1 fx K {E 23 4 0.34 MPa,




% 5 4 FEWLERBBE BN MR T X F R 155

1.38 MPa.5.51 MPa.34.45 MPa.lie K52 J1 &5 78 B L 55 B F0BE B 3% 42 A0 0w 0, 558 K 32 07 & 67 £ 73 ] 2
B o B RN M AR L 2R B AR L RIS Bl 24 Sk > 3 I P 00 ik R S R B R B RN B
T2 A A T M X307 7 3k K L S UK A L M T T A A R Sk RS ) o 1 L e B Bl B 1 R A AR Al
HEALE = BT, 4812 5 NL20 N80 N I o AV Py ) Jet 38 B % e A0 A% (E 35 458/ 3R B J2 Bki2 By
PR R R R A T R AT D) A R B X B P A A A RIS AR ) R 500 N B L7
WIS B R RSB 1.74 mm.iX — P42 Ul B 2 BR 25 > 3% 78 JE 17 30 W 06 s K 0 ST gL R 3R e 6 RS I
FHEEP L B 75 5 K A 3B i
3.2 HBRMUZHHH

iz HA T 56 15 5, % LB A 43 S 5 N, 20 N80 N 500 N {4 J7 #E A7 45T 40, 45 1) k0 B A1 0] 2 3 -1 %
(14 15 71 RN 7% = J] G i &0 T

BRI TT AT, 2540 J3 43 51 5 N 20 N80 N.500 N i, & &5 #% FT 32 s 3 B K AB 43 % 0.35 MPa,
1.40 MPa,5.75 MPa,34.85MPa.$5 K 32 F1 30007 & A= 78 B BB 0 i o 42 A 0 T ity 2 B R B0 &/ ) fh 2K 1)
Foe B M R AR R SR R DL SR A 0 T i X3 R s At sk A5 A B A DL R PN
LR | o BB AN A AL B ARl B RS < R AT, A2 F0 08 5 NL20 N80 N s, IR AIMI AL 58 B s d5e KA S
BRI R WTE R BR A6 W ik Bk AL U0k A, 000 ik 2R L O B R B E L BE R R E R AR AR
BN AM 32 500 N OB SR E B O B0 RS B I, S KA BB (E A 1.36 mm. & W AE A8 W SRR SR ) S T TR,
AN T3 AETR Xk B B % 7 A B A R L 2 ) A R YRR L B AR Kk A

4 & i

S5 WP L L6 PR LT bl O 1) B, S AR A A e i g DR/ AR T B4 0 o BAER P 000 00 D 2R S 0 fk 1k
N 1) 52 T34 D0 FL B fie R A2 g i 6 B v A R i A B R AR A T I DX A s AT
PR AR e R AR A SR TR L AE 500 NSRRI L I8 e BEVER P9 000 fik R L 320 2 BB A 00 Ak K JED B
PR ERA T B L Tk DA e A 4 W7 R I 8 g S5 T ek BB 32 B0 B 45 T 0ok & 5 i B3z AR BRI 2k
Hh R R R BR 2 2T B A BT RE 3, LA GO SO A A R B AR X Rs SRS Y E A B A
HH A B IO X 5 it 7 3R B 52 0 ak R R VR P L S0 475 s AR 0 5 4 B AR ik ok 0 1 A Sl RS A6 i )
58 B T A S 1T Sl AR x5 38 R BRI Bl R S 3 Rl e O e il g S K R S i U D R 4 52 T
SRR BR A fE i R BIR M IR AT B BR R, B P AR P O A B o RS R R B B2 R AT
REFAEAG  5 BHRE [, {8 ROz 3. BRI =2 A0, 25 >0 5t m] AT S A [l S 5T A R Bk ik, R B 2 v A B s R
I BEARIZ S5 5. PN A NI Bl A= ) 3 2 A B 3 7 J - e B 22 i) P A AR T S R X AN 6] BRI XS 25 20 % T
B A T 2 R R B WS TR R B ARGE B AT R AT FG R BREESUEET AG R BREE.

B L BRGE BhH RLAN X [ 7 AR S AT A [R5 20 45 T 12 2 51 HERR HOR (12 3 2 R I, AR R
)12 3 45 2 1 FORFRIE 22 5 85000 W3 HE S8 B0 AN [R]85 9 50 F2 3Rz 3 54 0E T B e ] B iR B Y0z 2
AR I B2 A L R PN R SN R B0 25 S 2 DR AR R SRR R X R TR iz B AR R ) A B BOR S A JE T s Bl
FAES3 BT o SR AT 0O bR BBOA [R) I 25 7 36 R 265 o 2 I JR AR 2 4 11 1 T HROMR 11 A A8 R s

25 1 0 R A B R VR SIS A B ANE TR B A R R ) A s s R B R R
a2 Sl 19 % A AR B RE 5z 3 A= 1 g 2 Bt 9 S RT3k 30 0 2 B A O BR R AR

5 B E

TR R A R 5 2% L BR T0F 58 N B3 B K- ARG J BRI 5 S F 5 wT A8 LLR J5 AT - 1) i 57 2 R i
BT BT A R AR S R A PN I SR A AT 20 W] T U TR Ak sk B 2 S 2R 45 D7 5L 30 A Bk — 4P
Ak = 4E 25 6] 2275 0] | 22 #A BE Sl 30T BT 5T o A0 05 Mok o R 22 ) S5 1] 25 A BR Bl A

X

M T~ 11 Wi F M (DO1:10.16366/j.cnki. 1000-2367.2023.05.019).



156 T IR IL K FIRCA RAF RO 2023 %

(1]

(2]

(3]

[4]

(5]

L6]

[7]

2 % X #

ANDERSEN T E.FLOERENES T W,ARNASON A.et al.Video analysis of the mechanisms for ankle injuries in football[ J]. The Ameri-
can Journal of Sports Medicine,2004,32(1 Suppl) :69S-79S.

SAKAMOTO K, ASAI T.Comparison of kicking motion characteristics at ball impact between female and male soccer players[]].Inter-
national Journal of Sports Science & Coaching,2013,8(1):63-76.

SAKAMOTO K,NUMAZU N,HONG S.et al.Kinetic analysis of instep and side-foot kick in female and male soccer players[ J].Procedia
Engineering.2016,147.214-219.

T H MG AL F L BRI B 5 P9 SN ) 58 7 BR B AR ZAE 132 B A= ¥ 0 2 43 BT LD .05 %2 . V6 & i FRHE K%, 2018,

YU X M.Sports Biomechanical Research at the Technique Movement of Kicking the Ball on the Outside and inside Foot of Male Soccer
[D].Xian: Xidian University,2018.

PN S TR R BT 4 3 R A ) A2 R 3l B3R B A W 1 R R i e LD, T I TR L 2017,

SUN D.Biomechanical analysis of lower limbs during soccer related movements with different studded soccer shoes[ D].Ningbo: Ningbo
University,2017.

X SE 22 Tt b, 45 OR TR IZ 2l 45 90 HIFT 38 3l D3 HE BB B R (932 3 3 e AR 43 7 L 1300 1 D K 2 2 3R CH AR B2 M0, 2022, 50(3)
150-156.

LIU G L,LIJ,MA S K,et al. Analysis of kinematic characteristics of whipping technique in Sanda athletes with different sports levels[]].
Journal of Henan Normal University(Natural Science Edition) ,2022,50(3) :150-156.

HE Y Q.LYU X,SUN D, et al. The kinematic analysis of the lower limb during topspin forehand loop between different level table tennis
athletes[J].Peer],2021,9:e10841.

Foot mechanics characteristics of ankles inside and

outside contact in football game

Bu Yanli', Wang Jianmin', Li Jia?, Chang Jinlong®, Ren Wu®

(1. College of Physical Education, Henan Agricultural University, Zhengzhou 450046, China; 2. College of Medical Engineering;
Engineering Technology Research Center of Neurosense and Control of Henan Province; Xinxiang Engineering Technology

Research Center of Intelligent Rehabilitation Equipment, Xinxiang Medical University, Xinxiang 453003, China)

Abstract: [ Objective]In order to study the biomechanical characteristics of football ankle and reduce the incidence of re-

lated injuries. [ Methods | The finite element analysis method had been used to simulate different ways of kicking with a biome-

chanical foot model. [ Results]Under the condition of the same external impact force, the force trend of the medial and lateral

impact of the ankle is similar. The maximum force is located on the lower side of the calcaneus. cuboid and talus while the oth-

er parts with greater force are mainly located in the medial cuneiform, cuneiform and talus. Secondly, under different stress

conditions the displacement of the foot bones is also quite different. The maximum stress of the foot is 34.45 MPa and

34.85 MPa respectively under the external force of 500 N, and the maximum displacement, which are 1.74 mm and 1.36 mm,

occurs in the toes. [ ConclusionFootball players should pay attention to the position of touching the ball and estimate the size of

the external force, so as to avoid the harm of dangerous actions to the body.

Keywords: football; inside foot; outside foot; biomechanics; stress
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Attached fig. T The finite element analysis results of the the footinside with external force
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Attached fig. II The finite element analysis results of the foot outside with the external force



