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Effect of Different Fatigue Protocols on Trunk and
Lower Extremity Kinematics for Collegiate Soccer
Players

skEB UL E wELoa 2 BRI BRAERL
ZHANG Meizhen'"", GUO Hao', LIU Hui’*, WU Xiaogang', CHEN Weiyi'

1 E: B0 AT R R E KRR X (SAFT™) F» Yo-Yo [8] BR it 77 7K -F 2 i 3 ( Yo-Yo
IE2) #3253 B A it 2040 Z LA 2l 6 Hvm o ik IRT B RFARKFEREH R A
X, 38 A 4L 9h b 538 B4 £ 48 (Nokov Mars2H) K438 30 5 4% . % XA o & 52 6 )
# M AL (Polar Team 2) , A T #R [ 52 B 68 & A M Fo i 57 - N 09 A 205 B, 58 2X2
FE MR RE F H E ST IAE2 AP E A T IR 7 F AR T F R E G a,
SR ZRTRA 2R G H EHARIRGIFRATE, SRR ARRTFRAYRLZF M EZ
Fo Mk AL PR A AR A BT 2] B M SMR A [F, ,=7.811,P=0.031,=0.752 ] F= % %
WA A F =6.976,P=0.038,r=0.733 | {57 7 EAE A FAH B HFH L AAEA,
5 SAFT & 55 % S 3T AR, 5 /6 B X 0 KAK @ 7% 30 L 38 4m (13.6° vs 18.5°, P=0.022, 1=
0.783) (ALK W42 (-5.9° vs 2.6°,P=0.019,/=0.793) e X ¥ #MA(2.1° vs —1.5°,P=0.001 1=
0.928) . #ha (-12.8° vs —20.3°, P<<0.001,7=0.968) 3§ A, M5 3ot 2 X B A LF, =
14.164,P=0.009,7=0.838 | fefit X ¥ W sM80 /[ F, ,=17.679,P=0.006,7=0.864 | f£ % 35 7 % %
TR AELFELIANA . SAFT R 573 F/aMinet £4 TR A (-3.8 cm vs
=6.9 cm, P=0.031,7=0.753) . %5 : RAIEF) R 57 HFJ5 T M A AF 4G & 3k Rk 55 1 57 T
B A7) R SAFT 8 ) Bk 57 % 55 , Ho W %3k 9k A 3 B 20 BE % 7 WAk e % 5180
Ik 223G o B AR B MR 20 W SR T o B S SR, R BT AL TSR A 3, T ARG An R
55 )G T RSB A R, Tk Yo-Yo [E2 32 3 MR 37 % F )6 , R 2 R 245 M ret ik
K 9hEA A 3G, B SAFT” 4% Yo-Yo IE2 2 3 Mk 57 - R xR IRE 3 R ey Hra £ R,
o, R SAFT AF o RAIE S I o7 575 5, 38 T2 T UL 97 )8 6949 22 LA 42 6] <7
e A AE A

KR B MIE 5 PR E WAL AR NI 2

Abstract: Objective: The study was to compare the effects of different fatigue protocols (soccer-
specific aerobic fitness test, SAFT™) and (Yo-Yo intermittent endurance level 2 test, Yo-Yo IE2) for
collegiate soccer players on neuromuscular control at the time of contacting with ground. Methods:
The study recruited 7 collegiate soccer players. The kinematics data were collected by infrared
motion capture system (Nokov Mars2h, China). Subjects wore real-time heart rate monitoring
telemeter (Polar Team 2, Finland) to ensure the safety of the experiment and the effectiveness
and objectivity of fatigue evaluation. 2 X2 repeated designed two-way ANOVA was used to
identify the influence of pre-post fatigue and protocols on kinematics of soccer players. Results:
The two exercise-induced fatigue protocols satisfied fatigue criterion, and there were no signifi-
cant differences on heart rate and session rating of perceived exertion. Hip internal-external rota-
tion angle [F,,=7.811, P=0.031, 7=0.752] and knee varus and valgus angle [F, ,=6.976, P=
0.038, 7=0.733] had significant interaction effect on fatigue protocols and fatigue induction.
Compared with SAFT” protocol pre-test, there were significant increase for hip sagittal range of
motion (13.6° vs 18.5°, P=0.022, r=0.783), hip internal rotation (-5.9° vs 2.6°, P=0.019, =
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0.793), knee valgus angle (2.1° vs —1.5°, P=0.001, r=0.928), knee external rotation (—12.8° vs —
20.3°, P<<0.001, 7=0.968). The knee flexion angle [F, ,=14.164, P=0.009, r=0.838] and the valgus
angle [F, ;=17.679, P=0.006, 7=0.864] had significant interaction on fatigue protocols and pre-
post tests during side-cutting. The soccer players were more likely to landing by heel at SAFT* pro-
tocol post-test during side-cutting (-3.8 cm vs —6.9 cm, P=0.031, =0.753). Conclusions: The differ-
ent landing strategies of trunk and lower extremity kinematics in post-fatigue were observed
for soccer players compared with pre-test, especially for SAFT protocles, including larger
hip internal rotation, knee valgus angle and knee external rotation during single-leg drop
jump; while during side-cutting, knee joint more upright, larger knee valgus angle and prone to
landing by heel demostraed, these factors may increase the risk of anterior cruciate ligament in-
jury after fatigue. The larger knee valgus angle were found pre-post Yo-Yo IE2 exercise-induced fa-
tigue. SAFT” fatigue protocols impacted greater than Yo-Yo IE2 for soccer players, which suggests
that SAFT™ as soccer-specific fatigue protocol may be more valuable for understanding neuromus-
cular control of exercise fatigue.

Keywords: exercise-induced fatigue, single-leg drop jump, stop side-cutting; kinematics
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T 22 X A0 H Canterior cruciate ligament , ACL) Wi 2452 &
BRIZ B A R R ARG . A 1000 h ) L 282 B i K B AT R
£ 0.06~3.70 1 /2 BRiZ B} 51 ACL 45147 )% ] (Faune et al.,
2006) . HFIE 218 5l 1 5 BRI A R AR R Bk i AR
] B {ERT (Agel et al.,2016; Johnston et al.,2018) , 5 5 K 4=
ZA . ACL 4% fa s BF 38 B 4 B i3kl /& B & k]
U RN AN ] A 1 ey R SR L R a5 2R . ] o
S S S TS s v N v R[NP b ety B T T e A
ACL 517 R (Hewett et al., 20100 . AE4 7 2% 4 & LA
P R T e TR 25 O I TS R L T IA N,
IF 20 8 % 15 T B S T AR T K 2 R A b A
ACL #1455 1) f& % [ 2% (De Ste Croix et al.,2015; Yang et al.,
2018; Yu et al., 2006) . £ JJLAIE 55 1 O — AN L 1 7]
AR (1) ACL 45 403 J& I [R] 3% 30 4 O 4% 52 R v (SR A 4R 4%,
2017 ; Benjaminse et al.,2019; Lessi et al.,2017)

H #0504 0 T 98 57 % ACL 45473 = fe N B R
B3 % 5 71 AL A H 7758 (1) &1 52 R (Barber-Westin
et al.,2017) . FHZLAPE 7 7] L3 BUB ST ILA ) 8 &
JL TR B T R UL PR B B 2 2 A (Grreig , 2008) T B & 9K
N Bl FEBG I A 0 5 AR LR R AL n 4
Cik A5 W8 5% ,2017) 92 57 5 5 Jig B 0% 19 R I o6 4 T b 1
i, B ¢ B JE Uk 2N (Benjaminse et al., 2008; Cortes et
al., 2014b) , £ 45 H BN U713 72 3t i s R F 0 348 i (Kerr-
nozek et al., 2008) %5 o 1 J& 1 3 25 B OG5 AN K T2 1
S F A8 CRP ) B ) (Kristianslund et al., 2014) . i 5 & &
(Donnelly et al., 2012) %5 1] G2 3 i1 ACL #5145 f& [ 14 . 9%
55 5| ik fIE 28 L AR ALK ZE 3R Celectromechanical delay , EMD)
WS 90, B3 T AR LD B LA AT B AT O T A
5E £ (De Ste Croix et al.,2015) . {HLHHFFLINN , i85) 5
I 55 5 R RE 0 20 R A, DAl b i SR 0 IR R
HEEE N X AL TR — 08 FR b BR 8 40 AR ACL B
(Brazen et al., 20100 . HJf 5t 45 5 (8] 47 75 22 5 1) ] e J5t A

SCHRRIRIRED: A

e AN [RIAIT 56 v 982 55 07 22 10 45 3 R0 A 8 BRI St o 1
(Bourne et al., 2019) , NFE 5 75 5 7 X LR 45 LB H
S2M O 5 45, 2014) .

H G, 9% 57 5 3 07 S0 RN 55 15 5 07 R AT I
WIS FIN P57 307 R B R e LA
B X a0 45 B A4S 1R 8 Bl Clr 8 Bk R 0 v o |
45 B TR S B XM B RS N PR S Bk D (Liederbach et al.,
2014 ; Madigan et al., 2003) - & 5¢ 5t LR & JUL1¥) 0 37 iz
/] (Thomas et al., 2010055 o 4957 55 45 5 4 S I (] 368 3 1K
T 10 min. KEFE 57 )7 604 2 4k BEi 3 (ot B R i
PEZIE) (Brazen et al., 20100 « D)2 B 17 %212 8l (Ortiz et al.,
2010) . [A] & (Ros et al. , 2013) BLAC I [ #1 25 (Cortes et al. ,
2014b) 45 o %P 55 3 H K Z) 30 min B A [R] . J5 S
B R B AR 0T S 3 0 R T B M 57 U7 &
Al RE MG T 5715 5 IS B I H & T, DR S 5 45 A7
TE—JE 1 J BR 1 it 3 45, 20140 o Al i -4 1& HAT &L
B U9 55 175 5 07 SR 38 B MR 57 T 9 F) AR A A

B b A BRAZ Bl 50 RN 55 7 56 AR Yo-Yo [A]
B 73 7K F 2 3 4% (Yo-Yo intermittent endurance level 2
test, Yo-Yo IE2) (Krustrup et al., 2010; Ros et al., 2013) Fll
R A W% 55 77 % (functional agility short-term fa-
tigue protocol , FAST-FP) (Cortes et al., 2014a) . K I 9% 55
77 F A5 B 45~60 min & ER Lb € (Savage et al., 2018;
Yamada et al., 2012) ] & I 557 77 %2, B 40L 90 min & 2K 3%
FE 90 JE 1) 2 BR L 10044 B8 I 5t (soccer-specific aerobic fitness
test, SAFT*) (Lovell et al., 2008) , LA Jz i 7K £ ] & 14 F7 &
#9 i (loughborough intermittent shuttle test, LIST) (Nich-
olas et al.,2000) 55 o F T I, AW 52 73 #r 2 BRIZ 3 51 5
T 1L AT A 0 ) I 9 5 5 SR S 9 R R XK AR
B8 By 2 (R R

RGOSR T 2P 55 0y s — R TR
B BRIE Bl Gy 70 3R 5 HAE N R 5 07 [ Yo-Yo 1E2,
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Iy — ol R % v A 4SS 0L AL BR b 2% FL T 45 E 14 5 1) SAFT
P57 % X 2PN R A R ERIUH L WU (H % 5
SR VRN BIAE B ih SO 2 5. AR B BF 70 SRk A A
BT H A, LB AE 2 MBS 1) 9% 55 23 B A8 R BRis 3 17 52
RN (K138 8 2 R AL 2) SAFT™ % 5 77 = AL Bk 3B 3l (7
HEF R 38 Bl 2E REAE 1R 52 IR B Yo-Yo TE2 3K,

1 HRINIFE5FZE
L1 At %

ENTIV e e NEA N BT S TP L VN A E
Do Frf Sl E ISR IRISTE 2 45 DL F, HIE ACL AR st
M T A S, T I BN IR R e R, MIHAHT 24 h
WA ZGE 3l , R R AT 228 TS R s, iT
2 9258 R HUIEE’E‘/'}”E&LW 9 57 7 AL 57 2 H
AR N B A, JE I G*Power 3.1.9.6 IR, I B IG T
72 ANOVA (repeated measure, between factors) , 7 2w (i
(effect size, ES) ¥ H 9 r=0.6, — iz Z M % (o) N 0.05, Gt 1t
T4 (statistical power, 1-8) 8 0.8, THEAF HFE AR S EH T,
VEASHIFFEREA S B R Gt 20 i 7 3K

F1 MANKERER

Table 1  Basic Information of Participants M=£SD
Ak Sl B 4 #/em IR /kg eSS
7 20.6+0.8 177.0x1.6 66.31+4.0 2.1%+1.0
12 &ERE

ERZAEFEA RS EMLREL AW E
GEXRSEW. 2R FAE S FE ERE BIE SR
Helen Hayes 15 B! 24 R I 23 A SOt br G385k, G 77 £ 2
M Yu 55 (2006) B9 77 ¥ . IR BRIE 3 53 ACL 454 i 1
B E —— Bk F 5 JIH 9% Hh 2 Bk (single-leg drop jump, SLDJ)
(Teng et al.,2017) Fl & 45 45°M1 1) (side-cutting ) 347 iR
LRI VA MBI B SR 52 3 TE 35 em R Bk A 0T X, DL
BRAM B Sy S PR BRI SR AT, W B IR B A, IR 27
18 HH Bk AR L 0 I B R UK B S B AR I IR
7748 B R IR RUIVE L (B 1) o 45° DI sh 1E 7 R & R
X FFAE(2011) V3R E B4 (2016) (157 (B 1b) . B4
Ah K 55 3E 3 i 1 & 4t (Nokov Mars2H) LL 200 Hz [ K £
BRRAG 2 RNF BB B, B L2 REFANNELR
L3 UCH B EHE o M AR A 5250 I A0 28 S I
TR (Polar Team®) X0 F AT Wi 425, T+ (R Bt 52 58 1) %2
AR 55 VAN I A v 5 R
13 REFHE
1.3.1 R EFURE IR 7 E——SAFT”?

SAFT® J7 Z& Jy [ 8 14 (1) 20 m 37 3% B, 6045 h 66 14 30
22 B ) 1732 B B B, 38 3 2L 46 A [R) 8 1Y 1) A
B DU 9 A 1 AR 1A E RS, 15 min E A S E A

34

6 K, MK N 90 min (B 2) . 22 # 7 56 1 10.78 km iz
), da Bt FE A A B 1 269 VGHE ARG AT 1 350 IR [ AR
1, BB SRR AL T AR IR L SR (¥ (R BRPE AN 2 . 107
ZE O B AT DA B 3E 4 1k 2 BR LG B8 FR) A1 R P S 9 A
(Lovell et al.,2008) .
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Figure 1.
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Testing Maneuvers of Participants
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— TR
2m |9m10n{1]m 20m
Ch D

2 SAFT""MU}‘K?RE,E] (Lovell et al.,2008)
Schematic Representation of the SAFT*" Test
(Lovell et al.,2008)

Figure 2.

132 R8BI A 9% % K 7 % ——Yo-Yo IE2
Yo-Yo 1E2 Jj %8 iz 3 18 5 3 ¥ 346 14 1) () 81 20 mo 47

W B, SRR SE R AT IR YA S s PRER E] (& 3D .
AR M B AR 2 58 BT IR, B IR AR I XU 2
Ao M1 UOR T8GR SRIE T BB AT 55 0 AT 1 3k
el 2 UORRETE RS 2 IR A5 A, RN 58 I S R

BN St 2R ) A TP A Bk B Rk S
I B G AT F37K S & — Bl (R4 L vy S B iy &
(Bradley et al., 2011 ; Papanikolaou et al., 2019) , i ®] /F Ky
JEERIZ By 51 1 — Mt 9% 55 15 3 7 &8 (Krustrup et al., 20105
Ros et al.,2013) .

B3  Yo-Yo [EIERW /1Ml 7K F 2 Mk R EE

Figure 3. Schematic Representation of the Yo-Yo IE2 Test
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1.4 JFFIRFM

Mt id 72 A, BEALEG E 2 B8 57 J7 % (SAFT™/ Yo-Yo
1E2) 5 3 SR BRIZ B 53 (WG 5 DR IE 2 09 57 00 1 18] B85 1 J)
J UL b i DR 57 08 C B HLE AN S o 2 IR B2
P57 S R, 8 I B K 57 45 ) (rating of perceived
exertion, RPE) & % Fl /U 28 48 b5 #F AT 9% 57 72 B (1 4 € «
F I 5T R RNFFE LT 2 P AEE 1 4R RITT: DO Fik
21 P A K O F (220 W) 1 85% L I (Cortes et al.,
2012) ; 2)RPE ik 3| 17 4% (AR 2% 77) LA | (Borotikar et al.,
2008) o
1.5 HELE

12 ] Cortex-64 5.5.0 fift B A4 %t 52 1 F = 412 3 2 %%
5 15 17 Butterworth {8 JE 9% BT A58 0 13 Hz) i &b
L (Yu et al., 1999) , #2355 Kb U 78 AR 22 1 S O b &8 s Sr N
AT 2 NIA RS . B T2 Z B8 75 m— 80, v R
T A JE 5 SO A AR R S OR AR AR R T (1 R A
(Lessi et al.,2017) , i i F & A bR 22 71 K R A bR 22 2 [1] 11
BR i 9 1 78 N R B OGS AR R IR ORI S 4 A
SUON R BRAA AR 28 FH /N JBR AL bR 28 2 8] R B 15 55 1 X6 )
[l 5% X AR A3 Ay CIE £ 9 i it AR T B0 , 38 2 T %%
B SR Y 3R AS WA B A CIE A1 D P9 ISORT SR ol 4t
b H U AR S T 1)), 28 3 X B [ G Z Bl 3R AR
P JIE AN TiE A CIE A 9 P e AR = ) g 00 A 8D« K L
IR VT O MR I i B S SN A B B R T R R
SN EMMAERZEME. HE LARRE 2R
CER 1MV 5 B Bk 5% 79 38 2 v o T R D T Ll (Z il ) AR AL
PZE, FERE T AR, IEERREREM. H
WEF R W], ACL #1102 K A 4245 Hu S 21 (Lessi et al., 20175
McLean et al.,2009) , A< B 50K 75 i IR A2 9 B AL PR 2 B
B9 0 m/s B 55 Hi by Z1) (Lessi et al.,2017) o
1.6 %it bt

2 Fi] SPSS 22.0 A, X A R B #EAT 2 X2 R it
R XU R 36 7 22 4307, AL 800 55 5 5 (T vs JE ) FIIE 57 7 &
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IR AFAE S 2 1 S HAE 0 e T A A 7 e B 2l
W07 5 B 9 T RIEE B R B W E
S, RN 22 5K bonferroni K2 1E , 4 i 43 #1653 1k b
e N — R ZE MR A KT 0.05. BT 5L H XA &
T3 72 43 M FHEC 0T FE A ¢ b B 0 26080 &, Forh 015, <<0.3
AR R B, 0.3<<r<<0.5 Jy 1 55 RN &, =05 2

=
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=
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2 MIRER
2.1 RREFHFTHEERLEK
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FREEGN 16 55 2 14, 12 8 FE 2528 (1.804+0.23) km o
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15210 M 113214, BEXFEA b 30 EoR ¥ 0 35 1 22
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Figure 4. Real-Time Heart Rate for Different Exercise-Induced

Fatigue Protocols
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JiE 5 T 55 5 N e %4 (P=0.019,7=0.793) ; SAFT* Ji% 55 /%
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Figure 5. Effect of Fatigue Protocols and Pre-post Tests on Kinematics during Single-Leg Drop Jump
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Table 2  Effect of Fatigue Protocols and Pre-post Tests on Joint ROM and Landing Style during Single-Leg Drop Jump

SAFT” Yo-Yo IE2
x4
S AT T e S AT I I
JRF KAk @ E S E/(°) 123+13.7 15.74+12.1 8.846.2 12.74+10.7
KT RAKREFFE/(°) 13.6+17.1 18.54+14.0° 129+6.7 14.5+8.6
MR KR &SR/ (°) 43.6+11.0 479489 4474122 46.5+6.4
SR ()RR (+) FHe/m 2.0+4.6 -13+59 46+12.9 29499

Ea R MR AT G A R £ F(P<0.05).

222 REWMYIsETFRES FEIKTEFE ¥R
AR Z A

MR F 7 250 BT o, #H Eb SAFT™ J5 %, Yo-Yo TE2 J%
551535 B K 1 [0 AR 5 D 0 A AR BE K (P=
0.048,7=0.729) 5 {ll 17] 3N 1F 35 Kb F Z1 32 56 45 i A L, 0=
14.164, P=0.009, =0.8381 & K5 W AM B A LF, ,=17.679,
P=0.006,r=0.864 J7£ 2 Flig B 1t 55 77 5 S 557 75 ST JE 47
ERFEEZEAEH . IR I, 1T i i A 7E SAFT I
57 1% G5 B 2 /N (P=0.046,7=0.717) , I8 535 A 4N B0 £8 £
I 55 5 5 11 N R R D AN EIA H , EE ST Rl e R R
#£ 5% Yo-Yo IE2(P=0.013 , 7=0.819) 4% 55 5 3 1l J& 28 J s
TP (R 5T S AR R N (B 6) . 5 S AT A
36

L, SAFT % 55 175 5 J5 , 4 1 00 & T 2 BR 5 b (P=0.031, =
0.753;K 3). BN FIFAEAERE 5715 S BOE 57 7 iR B v
RN ELITERN 0.7 LE, 62 R R T A 1) 49% .

3 e

AHF T SRR 1 R BRIZ B L TE DL 55 15 T 5 58 L)
YE M2 3 22 R A 5 9 57 B0 A 7, 55 0 9% ik A S 4 40 )
IEMZEFA A . R IR SRR % 2: SAFT i 3 77
ZN] R BRIS YR TR B IE B 2 REAE 1R 52 LE Yo-Yo [E2
R 5 1 B K
3.1 B E AN 5 E A TR S A
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AWFFCRIR , 2 R BRIZ Bl 51 76 Uk AR V& MR Bk, 7 B
FE Vi M M N 21, A AN IX 3 i85 0 5 I 5T JS KT
A ARk 0  J SR 1 JeE ot A7 P RN PR ARRALE o A B FEAE S, S8 K
P (squat) 1) B B B B SR T8 R B SL 5 2 B9 ont e DY Sk
JULR 5 3R, DLORARE X 0 (R 428 ), AT T A2 5 3 ACL 45 45
A 38 0 (Griffin et al., 2000 A BF 7834 B, 9% it i £
87N (0°~30°) , ACL 45147 fi& xRk (X5 45,2011 5k 56 2
45,2017 Yu et al.,2005) 4 H 3238 9K 10400, & B b1
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Table 3 The Effect of Fatigue and Pre-post Tests on Joint ROM and Landing Style during Side-Cutting
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