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Effects of Fatigue Under Multiple-object Tracking

Tasks on the Risk of Anterior Cruciate Ligament
Injury of Football Players

AR, FEBTERT, T B R, FoC8, il s, BR—= 0 FH 9% R
REN Yuanyuan, LU Aming , WANG Guodong, WANG Wenlei, YANG Haiqi,
CHEN Yiyan, LIU Dan, LUO Le

] : B89 D3D-MOTHES5 M A LR P S IRES R ARREHN R ERTL
%lu‘&. ‘F’ TR A Ay A b R AR 3 AR B ik b AT 3 U4 (anterior cruciate ligament,
ACL) B 690, 77 ik: KA ViconiZsh MR AR S5 =% A &, B F RE 15 4 XKz )
RS AAFESRAES T, ALY P EAY Z TR T TRBERDEG TR AEM S FA
4,5t 2 A Visual 3D 2k 438 & At AT . 4R D5 KA AL, XA PR S
B, M R A R SRR SR R A G e B R M AR A B R LM & BAE R A e L
A4 B )R Y (P<<0.05) 3 3 B & BLIR 57 B, BESC N Rl A B B K 0 S8 A L VR R T A ) 4
S0 R IGA d H y ) ORF I S ARAT G T @ @ BAE A A LB 3 A (P<<0.05)32) 5

FAG, KA IR SRR Y R AR R R A R B KA A R
EA I SR T R A RIG K (P<0.05), %5 $ BAREIRAES T 9B 3L
ARG RIRIEF) R FE WL LA TRA G TR A )5 T AL 5 A2 B iR,
iz i 0 %i‘iﬁ%i& WU R T3 R AR ik ACL ARG R,
KRR JE 75 B AARESR RAREFH N W XXM £ A 5
Abstract: Objective: The 3D-MOT task was used to simulate the dynamic tracking tasks in the
real games to explore the gradual change of lower extremity biomechanics and its influence on
non-contact anterior cruciate ligament (ACL) injury in the process of fatigue development of
football players. Methods: By using Vicon motion capture system and three-dimensional force
platform, the lower extremity biomechanical parameters of 15 football players were collected
synchronously under the condition of multiple-object tracking tasks, under the condition of non-
fatigue, medium fatigue and serious fatigue, and the parameters were compared by inverse dy-
namics with visual 3D software. Results: 1) Compared with non-fatigue state, the knee flexion
angle and ankle plantar flexion angle increased, and knee internal rotation angle and the time for
the first peak of vertical ground reaction reduced in medium fatigue. During the serious fatigue,
the hip flexion angle, the knee valgus angle and hip extension moment increased, and vertical di-
rection, medial-lateral direction as well as anterior-posterior direction ground reaction force in-
creased significantly (P<<0.05); 2) compared with medium fatigue, hip flexion angle, knee flex-
ion angle and knee extension moment decreased, and knee valgus angle and knee adduction mo-
ment increased significantly (P<<0.05) during serious fatigue. Conclusion: Fatigue under multi-
ple-object tracking tasks will cause adverse lower limb biomechanical changes in landing buffer
action of football players, and with the development of fatigue, the landing mode of football
players changes from “soft” to “hard”, which can increase the risk of non-contact ACL injury.
Keywords: fatigue; multiple-object tracking; football players; anterior cruciate ligament inju-
ry; biomechanics
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I A, 96T Al 22 X ) 47 (anterior cruciate ligament,
ACL)IZ s i 17 KT 58 H 253 %, 12 3 72 ACL 41471 i v g
LKL EWREERW B R T EY 2 tkae, BE25 5k
B %71 2 B 0 45 J5 BUAE , 80 32 2 B /) (Filar-
do et al., 2019 ; Lien-Iversen et al.,2019) . 7£ £ Ekizzh 4,
ACL 5 {7 (1 & 2E R e », B 60.8%~69.6% J& 1l 1 i
P45 17 (Kobayashi et al.,2010) . #F 752 W , i & ML 5 55
77 A AR R 28 2R G R A UL B B 2R 4 D R B i
fi (Benjaminse et al., 2019) , i& % 5¢ 5 BN 1F BB 515 &
A E IR/ T B 5% 0 K DA B R PR I JE o I A A
1R Ji A W0 /1 %% A5 41k (Chang et al., 2018 ; Lehnert et al.,
2018;Qu et al., 2018) . [RITfi , J& 77 J2& it pl Al 2% fih 1 ACL
MM EERERZ —. AR, 2Rz %2 nH
WY SR TA) 2 22 T b SR TA) {5 A L 26 vh R A2 ACL 4
193 1) A8 256475 LG I 25 7P 5t 14.4% (Romeas et al., 2016) , 35t
BT R AF AE H A A ML 2 ACL #2455 . 2 BRLEE 38, 18
B GAE R A% B B B B[R] 38 2 20 50 7 BR L BA 53 A0 X
F AL E XPE 55,2018) . KERE 2R ZANiEaE
A b 5 f AT AL 0B BR B S5 R N 2 H AR B R E
(multiple-object tracking , MOT) , = ELHfF 5T 4 %5 A 3l 25 0
TR, ¥ = 0 I AR ACAZ S o 7 1A 18 A2 45 R
i A Ji1 3 72 CAlvarez et al.,2005) . H AT [¥1#8F 750 A, 15 3)
ST AR 5 MOT A 55 1 97 B J0n I &% #h 42 1A Ji g
714 9% (Alves et al., 2013 ; Faubert, 2012 ; Mejane et al.,
2019 ; Swanik et al., 2016) , 1% 3 & I T fE /1 5 L BRIz 2 7
(i ACL i {1 22 18] f7- 72 R R K i A i3t — D IR R . BRI, A
BF 72 LA 3D-MOT A£: 55 3t 30 B 4 , 8 3 2 BRIE 3l 0% 75 9%
55 K I R v T I AR W 0 A B A AR A R H x4 i
P ACL 45475 F 52 W0, AT B8 B 3 5 75 32 3l 1k 9% 57 5 sl A
AR B AR 9% AR

1 MRMKS5HE
11 &R

S IOk I R KT R ER BN, HERR & TR S
HEBANARES LB FER Q00715 Y, &
(181.43+7.36) cm, 44 i & (75.37+10.67) kgl , Hih — 2%
BEIR6 %, B IK . ZIRENARME: DITF
FETE T B ORTS AR 2R L A A5 0 B3 - 2) LU 3R
(1 /2 ERIZ B 01, 1A R 7K ST AR BA ELB B8R A A« 3) W
24 h W R 248 5) .
12 MEZE
1.2.1 Vicon iz 3 % % 4t

K B8 & 4L AME B R 1 = 4481802 sh il 4 &
43 (Vicon Motion Analysis , 9% [H) , it £ H 1% 14 mm [ £ 4+
RAGER L K& Vicon F 4t H 7 (1) K JB A 2 (Plug-in-Gait) i3
ITENPERIHEL 5 REE , RFESIF 4 100 Hz.
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Figure 1. Shooting Area by Vicon Infrared High Speed Motion

Capture System
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Figure 2.
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Schematic Diagram of Landing Action Mode

Figure 3.

142 MOTHE4%F %

K FH H1 8 /N A [F] BR A4 41 5% f) 3D-MOT 1T % (Mejane et
al., 20190« BAMTS 3425 D% 1 2008 Bl HLHE
B AR ) 3R A4 < 203 A H AR BRAA OB B (B 52D 3D AT A
BRAAAR 5] J5 G BUER , T2 BE e 9 LAAH (5] 7 3 B2 B ATLIZ 3 s 4)
155 45 AR I 2K K TR AR T R L E bR BRI AL (I
4) o NARAIE AR B2 0 MOT £ 45 i M A, B b BRAA
13 B AR 4 52 A B B I KT AT R e AL . BRUEAL
I AT % LLBE ML B R, A 2 AR IE U H AR Bk
M, T AT (AT 55 B AR R < 5 AN e IR AR R I H b
BR, T RIAT (AT 553 DU AR 08, 3R e 33 5 52 o Xk
A7 FH B Y, BB 52 A5 0 I R B A E . N ARIIE
B TE 58 BT V8 4T 25 1 BE A6 TR 447 MOT {1 5%, K HL 51
56 b ) MOT 38 B2 7K 1 181715 2y 32 3 I 7 3 1) 30% , ¥
58 AR A AN Be IE A R A H AR 3R A ) =R R . [
W, % BIE S MOT AT 5 R R 25, 45 52 1035 56 il MOT
45 1) 5 7 I ) e 3ot 2 s ) S T 4 AR

3
B 1] /ms 00

El4 3D-MOTHEZENRETEE

Figure 4. Schematic Diagram of 3D-MOT Tasks Process
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1 T R BRIZ Bl 51 7% 30 AT K i 0] [R]85 0, HL Bk
T CGRIBRO [ 2 /R A5 3 2 5 B, W 70 ) A “ B+
BRI T BT AT BERZWAHE LU A S RAE
FEREAT 10X 6 m H71% #l, 585G TV #1200 )y & 35T 5
AN KB (A5 4R 25,2017 . 23 7K 505 (2014)
I Tsai %5 (2009) [¥1 8 52, LAYR Bk 130 S5 1) ~F 45 562 sk 3 R

SCHE 55 R A ISR B 57 49 2% & 3K (Rating of Per-
ceived Exertion , RPE) 1F Sy 4l Bl (/) % 55 B2 B W 5 , 9% 57 H
ST b HE AR TSE A0 45 AT T R . B SUORE 5T 0 3
Bl 7K P 2 1) & 9% 557 (non-fatigue , NF) 5 2) H1 B 9% 557 (medi-
um-fatigue , MF) , 32 & # 2\ Bk 75 B 28 98 = A 31 30%, H
RPE=14~16;3) & & J 75 (serious-fatigue , SF) , 521X % 4\
Bk 7 B R 08 A B 50%, H RPE>17. Hod, kv FF
(HD % F s 2 i [|] oF 50, A 5008 H=0.5g (T/2)°=1.225T".
g RN E JJINGE E 9.8 m/s?, T 7 e K Ak Jis 25 It ) ( 8
{ZF 55 ,2004) o 452 B 1k B AN 5] 9% 55 12 8 I, BY) %) gk
17 %M AE AR, 75 0 4k SR AT I 55 7 . ERZ WA H
TE 53 2HL V5 Hh B A 22 18] 43 ) 58 1 S It R SR Bk, DA4E+F
P57 FRE
1.5 HIERESHHT

FT A $ 58 1 Vicon 5 A Visual 3D A, IR A ¥ )
B ) INERAT IR . B s 5 5 43 7E METLAB #
1 5E A

1T ACL f K ik 77 % H 80T ful b f5 8 1 3h 18T J 1
738 VI %I (Cerulli et al.,2003) , #UAF 70 3= 535 B L3t
T S A FH 0 1 U I 220 52 3K 2 ARG 5 00 4% 30032 3 2 F 3l ) 2
FEWRHEAT 20T o 18 3% S8 TR IUT e RO
FE 3 AN FIH A SRS A1, % R M BEAE S AR ELIRES
TE XN 0%, Bl )% 280 B R W I 20 T i A Ok
YA A5 T S AR A B DL R T L5 T A R
I (] 2 50 2 22 3k 3R B b T B A D g v 0 R ) T
Ctl) , R ikt BF 220 2 0 B 200 (9 F 0] 2548 . b, VGRF
Sy 3 B T S A FH 70 1 06 AE s M-LGRF Sy 7K 77 1] ff) Hb T
B AR FH 77 MGRE AR 3 1] P (5 1 25 45 g 8 Ak TF o 00K
T AR K 5030 b T S A/ FH 77, LGRF AR 3% [7] 41 b 1T e 1 FH
77+ A-PGRF J9 i Ji5 J7 [°] i) #h i S A 77 - AGRF AR i
M T S A 77, PGRF A& 1) J T S AR 7. 3 L5 1)
) 3 faf % (loading rate , LR) 75 2 30N LR=VGRF 1/t1 . LA
b & T 1) M T AR R D e AR A B DA S5 B AT bR
HE1L .
1.6 %itFEo

SR HI SPSS 20.0 % # 4 kA7 1E 25 70 A kx5, BL A AL 3R
& 57 25 4y BT 1% (One-way Repeated Measures Anova)
AT Gevl % 0, a8 H e/ 2 3 1 % 5795 (Least-Signif-
icant Difference, LSD) % #F 17 W W b 4%, M 212 8 A 1
MOT {155 F 3347 A 8 F2 B2 98 55 (NF \MF \ SFO X~ K A4
NEZHIE . BE KT E N a=0.05.

2 %R
2.1 EF TR
ZARE T HHAT T (5931 1.62) 4195 57 7 RIS B R
B 1 SF b, UHE 35 75 & (B4 20 A, YA 2 3h 51 A NF
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E SFHIAKFMZER K, Bhi, 2383 01 2 5 55 MF
IS} P 2198 20 T 12.44 cm , % NF B 10820 1 20.06 cm (£
1), 3k BB 5T R 19 57 28 Dok b v o

22 TFTHXTAEEK

5 MF A L, 85 575 i il A 5 08 96 8 A B ok /s (I 3a
5b), R ICHT AN A 3G K (Bl 5¢, P<<0.05) .

F1 FREWITESTHIER
MOT {E 55 & AR 57 F8 BE X W I % 5271 M 2 8 35 Table 1  Fatigue Intervention of Subjects
MRISE IR . 24 B MF I, 5 NF A LE R 515 i i 1 2 ABRE  AEAEN  WIEAem  HIEEE A%
5 B OGAT  JE f EE OK (B Sb 5D T A 95 1A e £ FE O NF — 40.01£6.11 100.00
/NCE 5e, P<0.05). 52X # 15 2] SF I, 5 NF AR L, #i 5% MF 33+112 27.57+3.92 69.01
A RS R ST AR AR FE RS K (18l S 5e, P<<0.05) 5 SF 3.93+1.62 19.95+3.18 49.82
3ra 37rb 8re
36 f 36t
35t 3st 7
s aaf ; . o~ 3aF T
~ 33 <33 =
2ot A~ = 3p . i & ) | — |
3 - L
g3[ 23 __-7 35 = UPE S, ' & ' {
= 29 3074 = gL -7 3028 m~af &4 -~ 437
® g = 28f x5 o 323k -~ -~ g "
27 27t 45 ] '*'
26 26t ) 316
= NF MF SF = NF MF SF - NF MF SF
AR AR AR
I g Bre
10F 12k
g or S
. gt -
B 6.61 &~ _ - e 10.17
£ Bt e 29 7T o
& 5t ;g; % o.noé— '
4t B
3 7 .
NF ME SF NF MF SF
e AR JE AR
Bs THE&XTRE
Figure 5. Angle of Lower Limb Hip Joint

JEFR TS5 NFAI, P<0.05;#%& 75 MF -4, P<0.05; T H.

23 TFTHXYAELL

TEMOT AE 5% T, Z 1K & 1k B MF I B OCT5 15 8 77 48
e NF IS} B & 3800 (& 6e, P<<0.05) . A FI| SF I, 5 56 35 fd
7395 Pyl 73 R AL NF I3 n (& 6as 60, P<<0.05) , i OG5
AH T  E 5 MIF I 3k /0N 5 8 O 1 1A s ) R B MIF I 38K (]
6b.6c,P<0.05).
24 @ BAEA A BAT B A G B IR A AL

52 AR # M ONF IR 2558 B MF IR 2 B, 2 B Hh 17 & 15
778 0 B I TR 45 08 (P<<0.05, £ 2) . 32k % 75 B SF
I, 3 B 75 1) 7K O 1) BACHI S 7 1) M T S /R A (A 82
NF I 3 1] 5 386 K (P<<0.05) 6

3 Wit S5aH
W TR, Bl 55 1 K J& L 32 3 03 1 dme K N8k v 2
SR B, UG B SR B9 55 15 S 7 AR R Th 51 K
M RGN ANN R G E9E 5, BA— e Gk,
P (2019) AN Ay, “HBE Bk 1195 55 155 5 O SR I 7T
JAE TS ACL 454 LU BE 1) 52 L HE
30

MF K F 8“8 % 3o

B S0 R L, 5 NF AH B, 52 #5008 1) MF 7K P B B %
5 A RS EROC Y B0 AR R K.l A v i )
18O, 3 b I R W SR T % 9 A2 8% B A e £ B
B AL (Yom et al., 2019) o HF 7 H g 56 15 AR ¢ 45 78
FOIRTH I F BE RS K, RWILE N B S, FIECR A TR
AR P 2% o SR A A RO T L UL R R A 7 R
WK, — @R BB TR R EM . X 5 Cortes
S5 (2013) I FUAR AT , 32 3 7E fil b 1o 220 5 08 i 1 221 35
SR HCBE R R T O 75 Je ol A 52, DB i R 9 T SR T £ A
2 MF RAERS, 183 RN — AT RGBS L —Fh
TR ME R B R B YE L . B, B S R AT B
Je T HE AL K R 5T 5 S T R 5128 ROV TEZR ) A
Ll 26 vh EAT IR BIAH AN, 5 5 BUE B A TR AR B R S
5B LA R G T H B 57 R B — IR E B
(Cortes et al., 2013) , fEHLAR MR IR GE % 1 4 K+ 5 T %
T R 0 A B W TR R B, ST N e A
JEE DA e 3 T T S E P 0 0 BT TRD R/ o B R

3.1
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T PN TE A 9 0 T 6 Y R 0 B ) S ) A R O Y A
I 3 FE ST SR B B P O 9% T P BE A8 B 3 i (Schmitz et
al.,2013) , H 3 B Hb 1] e A6 FH 77 g 06 H B 1% e ) 445 4
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Figure 6.

F2 HERZAENTEEERIERD SETEREE
HH E B ] Bl At
Table2 Comparison of Ground Reaction Force, Load Rate and

Occurrence Time of the First Peak on the Dominant Side

EELod NF MF SF
VGRF/BW 1.020+0.178 1.070+0.283 1.223+0.288"
M-LGRF/BW  0.767£0.248  0.853+0.237 0.945+0.164"
A-PGRF/BW  0.525£0.127  0.609%0.192 0.621+0.172"
LR/(Bw/s) 74.227+11.380 76.823+12.215 78.627+10.329

tl/s 0.011£0.003 0.0104+0.003"  0.01140.003

32 SFRFTFH“E"Fx

W8 5 9% 5 A2 P 1 E — 2B 3G, 18 30 A B SFOKF
I 5 NF AH LG, SFARAS ™ (K8 5G9 8 il A7 5 L I 50 45 40l
FRE B OG0 HE MO M I E A T N . 5
MF #H LU , 32 3y 53 12 3| SF I 5 975 Je8 it A 82 L 1 G 775 Jeg it
FEE BB OG5 0 5 R B 5, TR OGS A1 B A S R
AT AW I HEEL MF I 23 K % . XIS E SRS T,
B3 RN BCE B UK A T AR, 5 MF AR EG 2 AR
CRET I . Sk A, 18 3) 5k B SN E I 21 1 8
L7 10~ 7K 75 ) BA K RIS D7 1) T S AR R O ¥4 T A 3
I, 22 Y S A 5 RS 1 2 M AR X 2 3 3R 2 0 A A LA
FF 2670 J g Ay o I8 30 AAE N I AR v 2 B %%
AN T e 7R K A DG T AT DG JE i A B RN
TR B R Wi 77, AR T G715 e = MR A e v 3 50 1
Gl 102 5 BUROK Wb i 3 A R BE AR 0% B ) R
Je HoAh R JB 9255 (Nawoczenski et al. , 1995) , 33— 25 18 K%

Moment of Lower Limb

B I S 0 BY 17 7 DA R O 1 JE L) 5 1 6 A (Schilaty et
al.,2019; Wang et al., 2010) , £t 2 5 ZUB ST W 45 1 K
Az 3 8 8 45 RS2 7 (Brown et al., 2009) . Cortes 25 (2013)
PRI ¢ 5 2 ARAL , AR A B die R 55 B e % JR O 72 A
T ARIRIRE W . TN, KT SF 5]k A i Uk AR
B I AR AL, G DU R - 1D B A HL A
55 AW R &, AR R G Ty e T B R, 5l m AL A
Xt B 1 Bl 4 0 1 3G A6 77 5 AR 343 P& K (Rattey et
al., 2006 ; 2) B & 9% 55 1 0, 41 & LY 2R G 08 iz 3 1
U R 2 IR 0 R R TR ILIA ) A BLRE ) T B DA K
I #A 5t (Proske et al., 2012) , 3 — 25 401 1| & [l L A %+ 31X
BB i 67 Fap IR 5 Y 2 52 (Boucher et al., 2012) , U HLAA T
R AR TS R A S AL B DL AR E M B & T
% Hh 2% 1 (Cortes et al., 2013 ; Frank et al., 2013)
3.3 MOT/E4TF 89 % il

Wt 78 & B, 12 3 51 fE MF 55 SF i ¥ 7] B 5 503 ACL
P05 R 3 . 25 18 £F A Mejane 5 (2019) 1 5T, 5%
W I 55 R R 58 R MOT 4F 55 I 8 56 5 47 7if B S 1
Ko Dietrich (2003 ) 42 tH f¥) £ I 1 % - 2R 390 571 &
TR R X - R, HMET -4 RIHE
RS R, N AR A 1 A2 ) T R Clnot 28 D583 55 D RED A T
UL RRZE A R E 5T A B 2 AT T e Can
INHIZHEEO M FTZ . ZEWR AN, 83 & S B S Rrant
B 2 A DR 1 T2 R VR KT R A R ROR S B — AN AR R
Bt R 252 B HAd RO MR Th e S B R M2 . Di-
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etrich (2006 14 45 Hi , BT~ K i 114 AR U 5 U5 AE 38 B i 78
S ] 8 AR 2 S B AT B A I 3, 3 7 T DA A I
b DX 35k A AR A SR 38 0 S o ) S . AR X — R, AT
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£ ACL $i fJ3 KUK o

B2k

XIVE, BEEHE, RN, 2018, L0835 318 i K L ALK 5 12 3l 1 R
5 RRLI ] BUBUAR B 2 B 274k, 52(8) - 78-84.

X, FAEH, FEAN S5, 55,2019, F2 T2 3 AL ) 5 M A it iz 2 vk
9 55T G ARG SR B 2 e L0 ] vh R AH SRR T 9T, 23
(27): 4291-4299.

PRI, TR, 2004, SNk e R I A N TR) T SR IR B PR B SR v
MLI]. P EG R FESE, 8(24) : 5103-5105.

Ko, B0 AT, 2014, ANE) S Geh 2 LR 55 0 b PEVE BB N IR
A AR L . EIZ Eh PR A 2% 35, 33(12) 1 1153-1160.
TRAYE ARLEA BB, 55,2017, ANENE ST 155 07 EXTTEHUR N O

T NI EE AR R s LT AR B R, 37(11) - 48-55.

TR, £ B, R0, 2014, TR BRIV E Tk EL T FE L]
JEHEE KR, 37(10) : 83-88.

AGEL J, ROCKWOOD T, KLOSSNER D, 2016. Collegiate ACL in-
jury rates across 15 sports: National collegiate athletic association
injury surveillance system data update (2004-2005 through 2012-
2013)[J]. Clin J Sport Med, 26(6): 518-523.

ALVAREZ G A, CAVANAGH P, 2005. Independent resources for at-
tentional tracking in the left and right visual hemifields[J]. Psychol
Sci, 16(8): 637-643.

32

ALVES H, VOSS M W, BOOT W R, et al.,2013. Perceptual-cogni-
tive expertise in elite volleyball players[J]. Front Psychol, 4 (36) :
1-9.

BENJAMINSE A, WEBSTER K E, KIMP A, et al., 2019. Revised
approach to the role of fatigue in anterior cruciate ligament injury
prevention: A systematic review with meta-analyses [J]. Sports
Med,49(4): 565-586.

BOUCHER J, ABBOUD J, DESCARREAUX M, 2012. The influ-
ence of acute back muscle fatigue and fatigue recovery on trunk sen-
sorimotor control[ J]. ] Manip Physiol Ther,35(9): 662-668.

BROWN T N, PALMIERI-SMITH R M, MCLEAN S G,2009. Sex and
limb differences in hip and knee kinematics and kinetics during antici-
pated and unanticipated jump landings: Implications for anterior cruci-
ate ligament injury[J]. Brit J Sports Med, 43(13): 1049-1056.

CERULLI G, BENOIT D L, LAMONTAGNE M, et al.,2003. In vi-
vo anterior cruciate ligament strain behaviour during a rapid deceler-
ation movement: Case report[J]. Knee Surg Sports Tr A, 11(5) :
307-311.

CHANG E W, JOHNSON S, POLLARD C, et al.,2018. Landing bio-
mechanics in anterior cruciate ligament reconstructed females who pass
or fail a functional test battery[J]. Knee, 25(6) : 1074-1082.

CORTES N, GRESKA E, KOLLOCK R, et al., 2013. Changes in
lower extremity biomechanics due to a short-term fatigue protocol
[J]. J Athl Training,48(3): 306-313.

DIETRICH A, 2003. Functional neuroanatomy of altered states of con-
sciousness: The transient hypofrontality hypothesis [J]. Conscious
Cogn, 12(2): 231-256.

DIETRICH A, 2006. Transient hypofrontality as a mechanism for the
psychological effects of exercise[J]. Psychiat Res, 145(1): 79-83.
FAUBERT J A L S,2012. Perceptual-cognitive training of athletes[J].

J Clin Sport Psychol, 26(1): 85-102.

FILARDO G, ANDRIOLO L, DI LAURA FRATTURA G, et al.,
2019. Bone bruise in anterior cruciate ligament rupture entails a
more severe joint damage affecting joint degenerative progression
[J]. Knee Surg Sports Tr A,27(1) : 44-59.

FRANK B, BELL D R; NORCROSS M F, et al.,2013. Trunk and hip
biomechanics influence anterior cruciate loading mechanisms in physi-
cally active participants[J]. Am J Sports Med, 41(11): 2676-2683.

KOBAYASHI H, KANAMURA T, KOSHIDA S, et al.,2010. Mech-
anisms of the anterior cruciate ligament injury in sports activities: A
twenty-year clinical research of 1 700 athletes[J]. J Sports Sci Med,
9(4): 669-675.

LEHNERT M, CROIXM D S, XAVEROVA Z, et al.,2018. Changes
in injury risk mechanisms after soccer-specific fatigue in male youth
soccer players[ J]. J Human Kinet,62(1) : 33-42.

LIEN-IVERSEN T, MORGAN D B, JENSEN C, et al.,2019. Does
surgery reduce knee osteoarthritis, meniscal injury and subsequent
complications compared with non-surgery after ACL rupture with at
least 10 years follow-up? A systematic review and meta-analysis
[J]. Brit J Sports Med, 5(11): 1-8.

LOCHNER M J, TRICK L M, 2014. Multiple-object tracking while
driving: The multiple-vehicle tracking task [J]. Atten Percept Psy-
cho,76(8): 2326-2345.

MEJANE J, FAUBERT J, ROMEAS T, et al., 2019. The combined
impact of a perceptual-cognitive task and neuromuscular fatigue on
knee biomechanics during landing[ J]. Knee, 26(1): 52-60.



AR, 25 - 22 HARB BT S5 T8 57 0k AL BRIZ 50 D1 Al 58 SCH 5453 73 S PR R i

NAWOCZENSKI D A, COOK T M, SALTZMAN C L, 1995. The effect
of foot orthotics on three-dimensional kinematics of the leg and rearfoot
during running[J]. J Orthop Sports Phys Ther,21(6): 317-327.

PROSKE U, GANDEVIA S C, 2012. The proprioceptive senses:
Their roles in signaling body shape, body position and movement,
and muscle force[J]. Physiol Rev, 92(4): 1651-1697.

PYLYSHYN Z W, STORM R W, 1988. Tracking multiple indepen-
dent targets: Evidence for a parallel tracking mechanism [J]. Spat
Vis,3(3): 179-197.

QU X, JIANG J, HU X,2018. Effects of subsensory noise and fatigue
on knee landing and cross-over cutting biomechanics in male ath-
letes[J]. J Appl Biomech, 34(3): 205-210.

RATTEY J, MARTIN P G, KAY D, et al., 2006. Contralateral mus-
cle fatigue in human quadriceps muscle: Evidence for a centrally
mediated fatigue response and cross-over effect[ J]. Pfliigers Arch -
Eur J Physiol, 452(2): 199-207.

ROMEAS T, GULDNER A, FAUBERT J, 2016. 3D-multiple object
tracking training task improves passing decision-making accuracy in
soccer players[J]. Psychol Sport Exerc,22: 1-9.

SCHILATY N D, BATES N A, KRYCH A J, et al., 2019. Frontal

plane loading characteristics of medial collateral ligament strain con-
current with anterior cruciate ligament failure [J]. Am J Sports
Med, 47(9): 2143-2150.

SCHMITZ R J, SHULTZ S J, KULAS A S, et al., 2004. Kinematic
analysis of functional lower body perturbations[J]. Clin Biomech,
19C(10): 1032-1039.

SWANIK C B, COVASSIN T, STEARNE D J, et al.,2017. The rela-
tionship between neurocognitive function and noncontact anterior
cruciate ligament injuries[J]. Am J Sports Med,35(6) : 943-948.

TSAI L, SIGWARD S M, POLLARD C D, et al.,2009. Effects of fa-
tigue and recovery on knee mechanics during side-step cutting[J].
Med Sci Sports Exer, 41(10): 1952-1957.

WANG L, GU C, CHEN W, et al., 2010. Potential for non-contact
ACL injury between step-close-jump and hop-jump tasks [J]. J
Sports Sci Med, 9(1): 134-139.

YOM J P, OWENS T, ARNETT S, et al.,2019. The effects of an un-
anticipated side-cut on lower extremity kinematics and ground reac-
tion forces during a drop landing [J]. Sports Biomech, 18 (4) :
414-425.

kA% B #7:2020-01-07;

1447 B #1:2020-10-22; Yy #E: FAL)

B e A e A e s e I e o e B L s st e B

(EBEF 107

AP, 2019. 5 MR AE UK S 7R FE DR Boxt et e LI ). Bi 5% 5 4
,41(1):105-112.

Wb, 2R, J20H 4, 45,2020, Tk VK S e o/ N U U 1A AT 40
N E LB 5 A JE BRI AE T L], R R A B A AR, 35 (4)
399-403.

BB 2017, 1 2022 Jb 30 — 5K 514 B2 1) B 28 5 Pl Ak as 1
(1], M 5 AR B 2B AR GE 2R R ,31(1):29-34.

2R, TR Ak, 2020. LA A E T 3% 44 R KR B0 S DR L IR S R
WS kB AR E R, 40(9):3-13.

ZREIR , 2020. 8 76k Jil5 28 2 17 T HE R A VK 2 v B AE ) AR AL B
FLLIL IR BRAARE 2B 4, 39(6) : 48-56.

2= X4z, 2020. IR B G — TP 36 5 T I DAL Tl 3744 R [T,
IBETEEIL,40(2) £ 19-24.

R, UL, 2020, BT SCE LS M. A0 5T A 2R SOk H R
122,

KSR EL, 2020, I o7 i 1913 B PR T 370 1 2 g 15 S0 B R S i 2%
011 259, 36(5) :66-75.

XM, FE LT, 2020. ZR ALIR T BEVK T P 36 AR R S 7e [T ] 4R & S
15 T,38(7):21-26,37.

MIEZE,2020. ¢ THEIEE AU K E N Gi— i3k R I LT] W5
REEMGEEFHARD , 34(1):34-39.

FEILAE 2020, B AU FE VR T 5 s i R JE LT ] S Br ke,

(1):65-73,2.

L7 52,2018 IR TT 4 14 R S35 02 p 1 MR 0k R ot 7e [0 ], o
PRl G 2 32 RIF ST (4) : 27-32.

IR FE 52020, H [E 735 440 R AT AL« BT K
BT 45 ,38(1):1-12.

T E# W, =i, 2019, 3R mE 77 vk S M K i 1) 78 J x5k L]
RE ST ,37(4) : 94-99.

T, 2020 5 TR (10 VK 22355 5 30T 55 2 416 75 ik 1R 52
FilT]. Geit 5 ik ,36(2) : 85-88.

RE I A L],

BT, 2020. 35 22 Jim I /R VDK T R SR B0 2 1 A i JR T
[EB/OL]. [2020-10-31]. https://baijiahao.baidu.com/s?id=1682046
715212632783&wir=spider&for=pc.

RTTM L2018, F £ R GRS R SRV HETI= AN H
5 2£”[EB/OL]. [2018-01-16]. http://finance.cnr.cn/315/gz/20180116/
t20180116_524101070.shtml.

Wik A 26, BB, 2020, & AR B AT AA T RSB Be i &
A B VCES AT FFELT ], S EIPNE B #FT , 28(35) :33-41, 60.
MESGHA, B E R, 2009 AT B TIA1EH B 15 S AL R

B ML) AW IE, 35(5):104-114,143.

THEE, FEEA, FRIGH 2020, 3R @ Kl B A = R i ik R
I PR Bkl S ST . T LSS, 17(3):2-12.

e T ) 0, 2019. B U7 KA S BB - W SE AR I 5 7 4k
[EB/OLJ.[2019-01-07]. http://www.bj.chinanews.com/news/2019/
0107/69218.html.

JEHEAE, 2018, FRIF VK S SO K B 2 4 5 SBR[ R E 5
AH45,39(5):109-114.

BAUSCH T, GARTNER W C, 2020. Winter tourism in the European
Alps: Is a new paradigm needed?[J]. J Outdoor Rec Tour, 3(31):1-9.

CROMPTON J L, FAJETE P C, LUE C C, 2016. Positioning: The
example of the Lower Rio Grande Valley in the Winter Long Stat[J].
J Travel Res, 31(2):20-26.

EZRACHI A, MAGGIOLINO M, 2012. European competition law,
compulsory licensing, and innovation [J]. J Compet Law Econ,
8(3):595-614.

LAINE A, VEHMAS H, COATES D, 2017. The Private Sport Sector
in Europe[ M ]. BALTIMOre, Maryland, USA: Springer: 282.

PHILLIPS J, BRUNT P, 2013. Tourist differentiation: Developing a
typology for the winter sports market[J]. Tour, 61(3):219-243.

TAKS M, KESENNE S, 2000. The economic significance of sport in
Flanders[J]. J Sport Manage, 14(4): 342-265.

OBcAs B 41 :2021-09-265 49T B #41:2022-04-01; % 4. F4L)

33



