45 th B R %

Eag-gm
N P% CHINA SPORT SCIENCE

SCEEHRE:1000-677X(2023)07-0056-09

i misse

2023 (FEBE) F7H
Vol. 43,N0.7,56-64,2023

DOI:10.16469/j.cs5.202307006

I 5 U 222 i PR O Y5 L 1 XS -

BI85 AR IS 2 DUBBEE 50

TR, M

S i

(1. zHA¥ KEFK, =8 LW 650500; 2. Ay Mk B A% Eah R FFR, meEX REFEL VOTIZ4;

3. By EF¥R KA,

WE #H 261053)

B OE.AN KT FSFRLAABHNTHBEA N ST EEIAMNEFERATESAERGZHG X Z,
ik A318 8 BME Y F A EEF R [(9.03£2.02) % J#AT MR T Sk G E EMRIIE B MR = EBRIE B AR
A AS AR S AR R P TR A 69 R I E S, KRG, PR AT A 124 A 698 3RLER R sk dE
BEROEBR K W AL 09 F A 0L, R A Mann-Whitney U#s & Logistic ©1 )2 5 #7 #= & X % T 4E 45 /& (receiver operating
characteristic, ROC) ¥ & 5 A7 3F S E AT F oM, SR EEIFIE, A A RAEEBBERL Y RYG, £
e T Bk 3 AN 2 5 K R F R e T A A AR IR X AR A5 KR (38 K 1%, & JEJE OR=1.050395% CI:1.016~
1.084;P=0.003) . K& T 53k 5 B AN £ F 14.16% A 2 A FAn B & V5 £ 5 5 R AF Ao 3R 55 45 89
FAENE T 5 (£ F=14.16% vs.<14.16%: £ EJ& OR=5.089; 95% CI:1.996~12.974; P=0.001), % # . £ R T ks
B EFTRRTHRETVF S FHEEE) TG EBAREIR AT 0 R, RSk R = 3% Bk 3E & MK o &
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T A [0 5 & ) RN sh 2SO e ) 25 5 AR B Ak
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SHR I 2 S0 R BRI VR M 3 v R 32 6 £ 14 BB ) T RE AR
TEARJE (Ford et al., 2003) . LAk, A% (2023) 35, F
il 8 0 UL 2 A R R 5 K RT B S s sh MR A SR L
TG ST IR R NS R AR . CAR R R,
JiB Bk 32 (Read et al., 2018 ; Warren et al., 2020 ) Fl 3 45°F
i e D3 2 78 g B F A5 00 3 5 Y OF £ 0 3 ) (Nakaga-
wa et al., 2020; Smith et al., 2015) H Pl % P 22 7 5 4k
Bz il M T B Sh B 405 AR OG o BRI A W R RS T
19 485 76 ( Brumitt et al., 2020; Butler et al., 2013; De
Blaiser et al., 2021) . [t , B #7XT T & & 7] LL3E i T i
A0 Dy i 2 B0 2 S 005 Sl A0 3 1 A2 AE i

FEFRR T R w0 oh e 6 B 22 57 55 sh B 40 56 R 3R
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(Gonell et al., 2015) . B, Bff 5 I $32 fis M 3z 3 4 405 T
HA W E A9 M (Gonell et al., 2015) . BEE7H
i 5 3z s b fc UL AR B2 ol M 059 25 B 2 — . Fong 4§
(2007) X AH GBI 78 #EAT R GE 40 M R, 38 3 b 10%~
30% F 9505 A 8 5 35 HL473 5 Yeung 45 (1994) WF 58 45 i, 48
1 40% (1 BROCT #1405 /R E S & DT R LG IR T RER
JE AR PEBR DG AN AR . FGE ORI, T BT B RV R )
iy 22 S 5 B ¢4y H1 45 W 25 48 ¢ (Brumitt et al., 2013;
Fousekis et al., 2012 ; Hietamo et al., 2021) . 2K, 75K
Bl 25T 47 B8 7 0053 Y BIE 5 R i oA O 2 B 1 A 3 2 S
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HI 6T 7T 0 6 77 22 S 09 VP AG R R A5 L 7 04t
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T BB B AR B A%, TCIE I T T — MR AR B A s
BN . FERRZEHEIZ 3, 25 58 R U MUAIR H. 2 #5246 14 Bk
BRI 3R AR TR i B ST A 0 DT A TR 0 1) e 3R 22
S, K I T R4 2 3h 5L R4 A KUK, B X 38 3 445 1
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WA, AEREZE T RO 22 S5 55 328 B i 1 O R, LA
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BECH M 7 65 D0 25 28 B9 A0 O 2 1=0.995 ) Fl AT 5 M (45 55

2K 3.4%~3.6%; A [ I 3K 2 ] 241 A o8 R KO
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Figure 1. Diagram of the Single-Leg Hop and Triple-Hop Test
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3ANT5 AR, 303 A A T 1] L BB A 8 Y e R A
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Figure 2. Diagram of the Star Excursion Balance Test
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(Armitage et al., 1993) . E#E4T N B & 71 F1 8 25 °F i
A& 1 MAHT , B4 2 5 38 #4758 43 BLAIE 58 AL S min 12 3
M, MG JE, ZIE TR B T T 2] & Tk, Xt
T B A A% A0, 52 aUE A T I R T R 61K
Y2, LR AEE 2% 2T 3500 6 I K 4 (1) 5% T (Hertel et al.,
2000) . LGRS, ZIAERE S min, KBS, ZilH
e LA U 56 Gt < SRR R SR ) L B R Bk B
T BRLRR = O R R e B T A I . 2
Z AR BES R] R 1 mino 8 5 45 e B 32 1A 1 S
HEAT 0 W0 a0 I8 R AR BRI ), DA RS AR 30 v R e
Ry . BT 2 09 A I H ) R AR
NS 1R v
123 154

MRS S 1 124 H o9, % 52 33803 0 A 422 fil v B
ST H A AE D0 HE AT 38 B W . 2L DL AR L R AR I
AR KA 0 T A AR M T BGE S B O R AT
e AT A SR A A AR e i e BROC T HL M . R AR E R R
A8 A3t 407 i 45 26 A4 e 2 i % ( Cuff et al., 2010 ; Fuller et al.,
2006) o BTAT 4 A 43 AT 1 AR 42 fid R OGS 05 1 kAR A
BR 2R TE YN R al L 38, OF S 208 3 B Bk S e T ok
(9 Y1 45 B He 3% (Brumitt et al., 2020) . A 49 A5 #7 (49t
P #B 28 1k T A 58 BN (5250 B= 2 B0 1 N 38 3 ARFRE
MHEN B ERE 2 O #IA . W5 HAlE ) 57
a3 3 v AT T P A (AR DR P4 55 ) R AR i fid i 5 1
PO R OGS 0 005 B R R R A o SR A2 0 3 A S I W00 A 1)
G037 Z WA b Pk B OCT HLA , AR B S AL A 1R
B3, LA G W 13 45 0 7T B8 7 A= 1 T 4 2400 (Read et al.,
2018, 2020) . AWFIE EEI R N34 H NS 5
B0 A
124 #HApaE

Xof T R AU A A% 7 A0 X, oK 2 A O R e A Uy
Tia] JT i 5 3 1) B 32 BE B AR AL A AR E 4 . )
B, 15 52 38 R 0 RCE 30T 1) 1 T RE A
B (1) o B B 0 P 2448 o ke g 0t v A2 3R TR A )
FH 2 S HEAT I AL, P 22 5= (oA - 9500 ) X 2/ (A +
553l ) X 100% (Robinson et al., 1987) . Ik, %} F 5 %
FE P75t e FH V9 A0 22 ) 174 46 F 2 (/o 2tk 1 0 6 3
255 o MRS ZEUE W AR IR R E o T B R Ak AR AR
i, A 2 R B 2 =-9.2364-0.000 270 8 X il < X 4 45 By
5 -0.001 663 X 4F % X Ji 4 +0.007 216 X 4F % X A8 % B
F 4 0.022 92 X K T/ 12 X 100 ( Mirwald et al., 2002 ) i %
iz gl B3 R 2 A K B 1% {H (peak height velocity , PHV ) X
IV P A 1 A58, ZEAR SO ] PHV i B i 1
1.2.5 GitF o

& Ff] Kolmogorov-Smirnov ¥ 56 Al Levene 5 5 43 7l %}
58

T LB o3 A R IE 2SR A5 28 SR AT R 0, O i —
A0 o K HE 73 A BT PR 36 KO o A YIRS R . i TR

W AP A IE S50 A, R I Mann-Whitney U K 5 L 45 1 2
Sl P R OGS L 3 3 R AL A2 B 51 R AR I IR AR R
B R PHV RS BMI LK A4 T 8 I H 1 T
22 022 5, 0 A BAR 5 R =2/ ) TS0 ik

i 378 5 4335 Logistic 8115437 46 56 45 3500 328
PR 2 90 2 S 5 TR 72 o (A 428 il Pk RO 105 ) =2 Tl ) G
Wi, v 95 5 R A8 8 AT A 76 A OC ¢ & 1y 7 ) % R 2%
ER EZEMRIEE(P<0.1) AT — 25081 ; WEE, 78
Mann-Whitney U i 3 H1 45 5 1 35 (P <<0.05 ) 1) 9 ] 2 3 2%
SUAER EBERREZNAT —2 30, Bi)5 ., 7€ Logistic
W15 43 B ot © 6 1 R E R R AT IR 2 /K
IE DX AT REY IR 2% R HEAT 0 e . 4 80 1 E Y
R 52 E WAER N RER S5 AAE PHV i it
1 BMI 45 7] B (TR 2% K R i 4T 2 8 LMK 00, B IA 2%
=7 2 W Ik & % (variance inflation factor, VIF) & 7 K
T 10, 75 VIF> 10 9 P 3R A 2 B B A I PR 2 i A
LT Z EILR MRS, DU R T VIF<10, 2)%F
1 B AL R I P R e IR R S FEM R AR
— [FI 94 A S5 1 22 78 £ 43 25 Logistic [ H 4341, AT X
i 36 1 TR 2% IR R AT AR E , TR IE S Y LU A EE Codds
ratio, OR)F195% T {5 X [f] ( confidence interval, CI) .

K 328 TAEFFAE (receiver operating characteristic ,
ROC) th £k 43 Hr i 22 45 25T 2 fil 0 38 v 794 A0 5 390 2% S 7
=1 42 fi P A DG 755 405 5 T Y A AR I S . ROC Il 4
JE 1 SR AR I 5 5 A B A8 () I i oK b R0 VAR S 1 24
BB (AR H=R%E + R 5 E-1) . FIHROC £k
2 1) e AR I B, o 32 10 20 D e XU 2 AR XU: 2
AT A 22 S5V Dy 53 248 7% i AT 2278 15 — 5328 Logistic
Il U5 43 Br Oxl i 356 10 VR 2 B0 38 EAT G OE ), iH R IR I
9 OR F195% CI. HEBREhHhs B2k 19 2 10, BT A e it o i
I7E SPSS 23.0 F A it AT, B F KPR E N P<<0.05,

2 MRER

1658 L 12 A4 F 38 BE AR 1 318 £ 2 il & b [ 4R i
(9.03£2.20) % ; PHV fii #% Hit (-3.40=1.45) 4 ; Il 25 4F FR
(2.52+1.36)4F /KT (36.45+£12.28 )kg; 5 (1.40£0.12)m;
BMI(18.0613.68)kg/m* |, 245 23 A 7E b 3R] H B2 A 422
il RO A o b, 7 B A & AR AR BRI, 16 4
13 R AEAEAR BN o & AE AR 2 fil P BR OG443 19 32 8l B
5 H A2 Bl B SRS BT L R 1 AR R4
PR B R E  BMI LA PHV % 25 05 1, P2 =22 18] K
WLEE 3 i 21 2% 57 (P>0.05) .

ARG ST A Bk R X 45 Jb 7 AR v 0 R < 4 P A
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IEK,

S5 TIPS R 22 S T A PR RO 0 XU - 318 91 /4 iy 2l

3 B BRI

S e T P ) e B 22 S LA K 4 1)k L 4 2R (Mann-
Whitney UK %5) W3 2. 45 R KW, A A AR 3 Ml R BR Gy
A3 3z 2l 5% BT Bk ey R T 0 22 S I 3 o T M AB i

B CE R : 154.80 vs. 212.70, Z=—2.917, P=0.004, &%
N FE=0.164) .

F1 RESHKREFEEMERXTHRGENRERES PO 1 AE)
Table 1 Basic Information of Athletes with and without Non-Contact Ankle Sprain (Median, Quartiles)

REAIE 8 B n BT B n P
S % 9.00 [8.00, 10.00] 23 9.00 [8.00, 10.00] 295 0.741
NEE K 2.00[1.00, 3.00] 23 2.00 [ 1.00, 3.00] 295 0.845
& #/em 140.00 [134.00, 145.00] 23 138.95 [131.00, 147.03] 294 0.814
K& /kg 32.45[26.95, 42.41] 22 33.20 [26.88, 42.05] 290 0.943
BMI/(kg/m’) 16.38 [15.23, 18.86] 22 17.37[15.26, 19.93] 289 0.532
PHV 1&# & /4 -3.59 [-4.12, —2.61] 22 -3.64 [~4.44, 2.68] 289 0.647
E P AT AR, TS IR KO BRORAE 25% . 75% 89 I 54 8 TR
R2 RESFREEIFEMUERXTHRGNIZER TEAENZE SR (P AE Y5080
Table 2 Inter-Limb Asymmetries in Athletes with and without Non-Contact Ankle Sprain (Median, Quartiles)
FaAR BX Y n TBRK T A n P
S KM X%
SERE T SRk F R 21.51[6.84, 27.10] 23 9.35[4.77, 16.37] 294 0.004
SERE B IE 5 ) XK, 4.24[1.86, 10.25] 23 4.75[2.47, 8.54] 290 0.762
SRR = 3% 93 5 9, 453223, 9.62] 22 4.00[1.70, 8.51] 278 0.416
B A A i) X
AN 48 3¢ £ 48 /cm
A7 ) 2.00 [1.00, 6.00] 23 3.00 [2.00, 5.00] 265 0.555
J& 1A 5.00 [2.00, 6.00] 23 4.00 [2.00, 8.00] 265 0.461
J& M) 5.00 [3.00, 10.00] 23 5.00 [2.00, 9.00] 265 0.953
ZH A 2.67[1.33, 4.33] 23 2.67[1.33, 4.33] 265 0.488
P AR A £ 5%
AT 3.13[1.42, 7.91] 23 4.19[2.10, 7.34] 265 0.688
J& A 9.01 [2.56, 11.54] 23 7.69 [3.70, 13.71] 265 0.396
J& S 11.23 [5.71, 20.41] 23 10.00 [4.36, 18.18] 265 0.845
EACE S 7.32[2.13, 10.38] 23 433[2.19, 7.29] 265 0.427
AR 7T Logistic M) 23 Hr s LB, AR T B {5 B . 4k, Hosmer Fl Lemeshow Ml izt 45 52 R 35 (=

Bk = B B 22 S (R 0 1% 25 5, OR=1.049; 95%
CI:1.017~1.083; P=0.003 ) 15 3 £ fi 14 B 5 5 1 005 77 77 1%
TERHE (P<<0.1) . PR, o AW 9T 1 E B9 IR Ny
BABR R BBk R RE N 2% 5 . AE 278 B Logistic 8] 9 43 H7
(F3) i, 4R % 1 BMI RS IF 5, 568 T 5k veg 3 i ) 22
S AT AR 5 Al B R R OG0 B A G (R 1% 22
S, 0R=1.050;95% CI:1.016~1.084; P=0.003). % &
S 2 A T 4% R R ABE R ] 2 4% X BB R BR AR (2 log
likelihood ) L LS5 AL , HEBR I ZRAFBR | B & A F Al PHV S
TR BRI A BMI 9 A R & Y £ 75 i € Logistic
[l A

1E B &0 £ 78 5 T Logistic [l LR (e 3) | B4
JhR T Bk R S N 22 S AR % A BMITAY VIF 435314 1.009
1131, 1,122 335 B A R T 450 55 1 P 38 =2 [) JL T Y AT A
EARH G R T IO PR AR VR R R BT A 2 A

5.246,df=8,P=0.731) , F Wiz ML BB UL 5 FE A A o TR
Z BN 27 45 K6 5 (omnibus tests of the model coefficients ) 45
SR E (=8.092, df=3,P=0.044) , 5 WA 12 [n] 9 455 10 55 5
WA Z [ A TE 7 2 57 o

F3  AEEARMER ST KU B 2 Logistic B3 7347
Table 3 Multivariate Logistic Regression Analyses for Risk
Factors of Non-Contact Ankle Sprain

e W & OR (95% CI) P
RE T B9k 2 B A £ 1.050 (1.016, 1.084) 0.003
ity 1.066 (0.837, 1.358) 0.604
BMI 0.959 (0.835, 1.102) 0.553

AL T g B g B 2% 52 ROC il 2k 93 AT o
14.16% J2 1 I 3 422 fi 1 R O 39 471 007 A9 $5e 2 e 5 o (ot 2%
T A1=0.683; 95% CI: 0.554~0.811, P=0.004). %I F45
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CIRBERIE) 2023 4F (55 43 4 ) 45 7 3]

1 TR RN R 60.3% , B N 77.5% 0 Wi S dEAT I 2 A8
1 .70 Logistic [11 4 43 HT 45 3 (3= 4) KB, X5 4F 3% il BMI
PEATAIE ST, SR B oy B A0 22 5 =>14.16% 5 JE H2fih
A RO L A5 XU {2 3 A O (TR 22 53 =>14.16% vs. <
14.16% : OR=5.089 ; 95% CI,1.996~12.974; P=0.001) .

R4 AR ST XU B 3 Logistic [ 35347
Table 4 Multivariate Logistic Regression Analyses for Risk

Factors of Non-Contact Ankle Sprain

R B & OR (95% CI) P
SRR T S 3 B A £ R 5.089 (1.996, 12.974) 0.001
A 1.055 (0.831, 1.339) 0.661
BMI 0.960 (0.837, 1.100) 0.556

E M EFASELTE, >14.16% vs.<14.16%,

3 iFie

AW AR AR IR 28 1632 B0 51T BOM ) 2 fg
F 2 AR A BROCTT HAG Z M Y O &R o BFAE 4N 2R
B, BB BBk R R 0 22 S A 4 Al R OGS LA
AR OC o ARAE R R [R] 22 St A R (3R 2) , AR
6 25 36 32 2y 5L A = TR T ] 3 e 3 3 B L A 25 5
TE 124 A B BRI P, ) AR 2 il Pk BROCS HH A 1 2
A HLERT BBk v B SR B R W 2 R
A, T D AR R 25 08 Bl LR B AT RE ) L AL A A A
Z5 . IR HEEES N, IR AR Rzl R OG
AT 0432 Bl 53 AE B 8 0 B8 T U 2L U SO0 0] BT R ik
FIBE R bR O WY W A A 2% S (i 62 8> 10% ) o A
BROCT H0 3 0 A 5 T, ASIESE 320 T 2 0 A 4 kv R
AT K A AR AR BTN, X FT BE 5 BA 2 R ik iz 3l
DT ZfdE AR B RN R ST DG . AR, R
R R, 2 H BRI A — 2 s, B\ —4> 32
T A AN ) DU 2% 30 A SR T B 9 R — 2 (Bishop
etal., 2020) . B, ASBIF I8 76X T B 4590 43 A6 64T S 3T
S3 AT, LA A5 00 3R A0 T R
3.1 FHEORK A M £ 55 AR X T 4

124 0k, ST AR TR RO R R N 2% e
B 56 1 L5 56 ZR 00 R PR O T B D UL o AR i AR i 5T
Logistic [11 5 43 87 45 2 , 5058 T BBk & 22 w0 22 5 2 75 /0
AF B3 B 28 1 32 Bl D1 AR 42 falt 1 OGS 405 1 il — XU I
o SROEJG, FRR BB S B O 2% S R R 1% 1Y
OR B4 1.050 , 375 24 PR T B8k ey J32 T 000 22 S a8 31 15%
B, B A AE T 36 25 0852 Bl D3 A 22l P R OGB4 KU
1380 2.08 fi5 o UL, K AR AR f M BR OGS #4519 32 B
AR BRI 2 i B B R S B e R ) 22 S s T A
B G (F2) . LU EATIY SRR WI PR Bk e 1 )
22 50l RN T PG AR T R 2 A8 B DL Rl pk
BRI LA KBS
60

AHIF S v 32 4 R Bk R BR = Bk R T 22 S
5 AR B M BROC Y HL M R R W O . DA RR AR
(7 P55 B J T B T o R e T A A 0 I 22 S ok T
Wiz B 05 I [ RE R B TR 4R bR 45 R — B 4
(Fon—Vanmeerhaeghe et al., 2020; Read et al., 2016; Sieland
et al., 2020; Warren et al., 2020) o AT, 2 AR A58 % 3% — 2R
LN FEE /D . Brumitt 55 (2013 ) I, Bk BRI 3 7T BE 72
ANIRIE S B AR U 22 5 0 T HERR TR A 2 Bk
BRI H 32 3l 53 A0 T Bk R I a4 0 A A 3 B 25
AR HUR B B . R IZ P AR AR N IR B
) 51, ] RE A A A8 Bk SR oA TR R AR S T ) 2% S
U A W B4 TR A, M X Logistic [81 U5 434 A9 25 31 7= Az
RN o ARG R B, LT ST Bkt , =2
2R A LR B R PR R = Bk I K R B LS ) 22
SR BT S I ARG I Tk A T W 2% R T
TET P A0 8 R BE AR, DT T A 2 W 5 AR 1 Mk A R OGS
O Z [ B ST 3 M o A, S o AR 7 A 4R 2 B il
W22 A, A e 5 R Bk R B R = 3 kB g 0 3 v R PR
il 321K 1 TR 8o T A1 sl R AR AU S O T B L
PALRE 3 B AN A2, I IS 00 79 00 3 3 2 e ) BORRRE o LU
WF5E RGN ISR Az Sh i, & T BT X BROC 4H4
BB ISR JE R LA D AR O BEAR I T LB UL
AR KW FETE AR (432 2 T H FAE i B rp ik — 20 4R
Y JHR B R TR = 3 K R P 0 R R 2 S A T A 42 o
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Using Asymmetries in Lower-Limb Functional Performance to Predict
Non-Contact Ankle Sprains: A Prospective Study in 318 Youth
Taekwondo Athletes

GUAN Yanfei"’, YANG Huan', JIANG Qinxian’
1. School of Physical Education, Yunnan University, Kunming 650500, China, 2. School of Kinesiology, University of British
Columbia, Vancouver V6T1Z4, Canada; 3. Department of Physical Education, Weifang Medical University, Weifang 261053, China

Abstract: Objective: To investigate the relationship between inter-limb asymmetries in lower limb power and dynamic balance and
non-contact ankle sprains in youth tackwondo athletes. Methods: A total of 318 male youth tackwondo athletes [(9.03 +2.02) years]
completed the single-leg countermovement jump, hop, and triple-hop test, and the star excursion balance test (SEBT) was also
conducted, then the inter-limb asymmetries of performance was calculated for each test. Subsequently, all participants were followed
up for 12 months to record the occurrence of non-contact ankle sprains. The data were analyzed by using the Mann-Whitney U test,
logistic regression analysis, and receiver operating characteristic (ROC) curve analysis. Results: During the follow-up period, 23
individuals experienced non-contact ankle sprains. The increased inter-limb asymmetry in single-leg countermovement jump height
significantly elevated the risk of non-contact ankle sprains (adjusted OR=1.050 for 1% increase in asymmetry; 95% CI: 1.016~
1.084; P=0.003). An inter-limb asymmetry in single-leg countermovement jump height of 14.16% was determined as the optimal cut-
off point for predicting non-contact ankle sprains in male youth tackwondo athletes (asymmetry =>14.16% vs. <<14.16%: adjusted
OR=5.089; 95% CI: 1.996~12.974; P=0.001). Conclusions: Inter-limb asymmetries in single-leg countermovement jump height can
be used to assess the risk of non-contact ankle sprains in male youth tackwondo athletes. However, inter-limb asymmetries in
performance of single-leg hop, triple-hop and SEBT cannot be applied in predicting the risk of ankle sprains in youth athletes.
Keywords: sports injury; ankle sprain; taekwondo, inter-limb asymmetry; youth
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