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Technique and Foul Risk between Treadmill and
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B o BRI A AR I B R e A S IR Y, B e e 5 sk B AR AR, AR iR
JET 305 MR8 T8 o AAZAS W, Bk A W SR B R AR, AR R B MR A
A EH I A 5 RADL, HRRE T YIS b o b £ o & BB X,
SR BT BL K N Ao B RN AR B A AR R B ET R R AR B Ak
HANK. Bt ST EAZ S R AT NI G5 8P pD e, SIER AR B Z 5,
42385 AL 25 R R IG AR s B RS T, B F AL 45 5 3D ka9 S AR R £ 5% 2.
X, Bk BF AN LR D ITHRA AFEART &,
REIA: ST YA E ) F
Abstract: Objective: The risk of foul is analyzed by comparing the difference in movement
techniques between treadmill and field training at different speeds. Methods: Thirteen high-level
male race walkers are recruited to perform treadmill or field walking tests at high speed [(14.6 =
0.9) km/h] and normal speed [(12.5+ 1.4) km/h]. The Vicon infrared 3D motion capture system
is used to record gait and joint angle data, and the two-way repetitive ANOVA is used to analyze
the effects of the environment (treadmill vs field) and speed on gait and joint angle. Results: Com-
pared with field race walking, the step frequency increases, and the step time decreases during
normal-speed treadmill race walking. The hang time, step length, and step frequency decrease,
and the step time increases during high-speed treadmill race walking; in both speed conditions
of treadmill race walking, the vertical displacement of the center of gravity decreases. The ankle,
shoulder, and elbow joint angles at heel-strike, and the shoulder joint angle at toe-off increase;
compared with the normal-speed condition, the vertical displacement of the center of gravity in-
creases in the high-speed condition of both the treadmill and field race walking, the hip and
shoulder joint angles decrease and the pelvic rotation angle increases at heel-strike, and the
shoulder joint angle decreases and the pelvic rotation angle increases at toe-off. Conclusions:
There are significant kinematic differences in movement technique between treadmill and field
race walking training of high-level race walkers, but treadmill training does not increase the risk
of fouls; there are more differences between treadmill and field race walking training at high
speed, and high-speed treadmill training is more likely to break the original technical rhythm.
Keywords: race walking; treadmill training; kinematics
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1 ERCERANA RS

o e S T 28 FE B f K H BRI E , X ig 3h 51 i B 1E
BOARAT ™ b B SR (S, 19955 B IR A 25,2007) . 35 7E Eh
RN T , 38 By T AE L B8 v P I A 5 T ik, AN REAE
TE“ NHR T 7 1) s 7, 76 S P4 8 M A b ik (1) 22 2 1 S 4%
WA ORI AN B S G PR M 45,2007 ; & i 4, 2014)
AT b 2 T 2R I8 G 47 3 2 2 T 56 A 30 A A0 B AU
(B FE bR Rl 25,2009 R4, 30 53 R = O
e B A7 RS 4 W7 I 2 S0 R, DR T B I A RS B ANk )
W A0 PRI 11 1l B 48 47 (Hanley et al., 2011) .

I G52 58 7 32 3 AR 2577 30, 5 e gR
A BN — 8 H2, XM AN L, EEA
IUAE = 1) 2GR 53 ANZ5 5y Kt i 42 1) 11 25 58 JBE #0925 5 (Han-
ley,2015) :2) gk AN RE A TE M 518 3 7t B AR BN 1E 3D
AR R IR . B ML ZRAE b 78 1 5 1K 05
Kz —, HHTREZ R HE G HBHLEEE
SE PR fff 428 ) I GRIEUREE L AT B T IE B A A AT TR TS
%, T M 58 i) 2% B A (Hanley, 2015) . Van Hooren %5
(2020)%F L6 1 BB WL R 5 S s DI 2R 1) B8 B0 1R R FE
25 L 1 B 2 5 AR K, R MR O A AR
K BROGTRIHE DG A AR /N o DR, A EE e AR 2B L
Y GRAT 7y 10 25 1) 55 72 B AE A7 AE 72 e, I 1) 1) B 25 LI
2] e S R AZ B 01 R A I EE AT 22, B0 R o

A, 36 7 AR B E 1 AT RE 42 52 2158 B (19 520 (Hanley
etal.,2011) . W70 B, 3 15 1) 2 v 22 5 UM 5 1 [
W R A5 B33 5 52 3 I5F 8] 98¢ /> (Hanley et al., 2013a) , 1
A5 B8 05 B 2 e i AT B S 1K R (Cazzola et al., 2016) o
T 38 A 18 Bl 53 7E Ll 38 b 2 SREUAS [ 1o 32 SR s (TG S
2020 ¥ 55,2017) , BB 7E AN [A) 38 B R A& T BB HLIZR
137 1IN 0 Sl 45 X0, a) BL A 25 AL I 25 32 448 58 3 40
[12 2% (Hanley et al.,2018) . H Ik, AW 78 Ul i s 56 46
E R K38 18 8l 51 D LS S I 2R B R BoR 22 57
AR 78 $ HBE FC AR B HL = B8 LI 255 3 M I 25 10 38 8
APER AR R EEZ R H2: W 5 5 OIS T s
ERARGEREEZR.

2 MRMKE5HZE
2.1 MRM%Z

AW TR 5K 26 245 (2011) 1 55 5 A1 B 40, i P
G*Power 3.1 A BEAT FEA B AL S . o 174.5°E2.4°,
AP LN 170.2°£3.9°. W E G AN 0.8, 2RIk ZE N
0.05, BRI &N 1.26, THE T & B MEARE N6 N AT
RILEHF 13 BEK - RF TRELBS M, ETIEH 20 km
O, R N (2222290 %, B iE i (178.624.4) em , fA i
N (61.942.8) kg, & 15 i 5 2 (body mass index , BMI)
H(19.4£0.9) kg/m?, WERFER N (7.6 £2.DF . ZiXH
WORES Iz 3 Be ) R4, 35 N RIB a4, 6 F B
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R BRI IR S, AN AR AR B IE IR A FE A IR 3R .
22 MXFE

AR 5 AR A EERE AT I, 78 1E AT, 2
17 10 min #4515 3l , I 248 52060 5 5% (Hanley et al., 2018) .
e SR BB ALY AE B 2D LA 3 R e A 8
3 Sl JEAT 79 Ao e EE R e B P LS E S R e 3
Mo A B B8 LI i A B AP HL(T19, B a7k
o, A ED b 55 E RS BB LN AR I 2R P
B s 2 #0248 A8 S 06 3 3 TH) b 5% 7, S0 00y 5 4 ThD 7 o
0.8 cm Z i PN s — 0 BRLAA , 5 R T A% 3 4 A R — 2
e IR 2 0 O 2 AR A N SR B BRI T
TG S 35 T FE A (14.6£0.9) kmv/h s 5 S3OIR 75 0 BE R %
B A N BRI SN N R 85% , T B 2 S T 4
9 (12.5+1.4) km/h, b B2 07 1 7K SF 58 E 18 ) 51 R R
F Il 53 £ (Padulo et al., 2013) .

B0 LI BRI o B 0 B3k B2 328 i 1 o 2 0 K
SZAR LA B 35 7 3 min 5 AT 1E 2800 4 (Fellin
etal., 20100, FREE 12 N E S K20 W1 5 3 1K
S AR L IR B P B0 B AT 15 m 46 5% Ak, % LA BT
IR 4 A A 35 R 0 BEAT B 23 B, B N3 /0 58 3 IRSEE
(Hanley et al., 2013a) , LR 12 MR M. 5% &
T RE 38 3 v B & 45 (Smartspeed , Fusion Sport Compa-
ny, Australia) , Jll &5 H v 8 m. 1E H B AL S 37 1o il ik i),
K F 812 AR B K 1 40 Ah = 4 F) F 43 T &R 4t (Vicon,
Oxford Metrics Ltd., England) ffi & 2 25 1 ¢ 15 /1 & £ ¥
ML B A2 9 100 Hz. 1 7 Vicon Plug-In Gait 13 Bt 4
S R AT AR
2.3 MK IRAF

A2 1 RE U I — 0 R P A2 R 3 5 — R F
JEERZE L A (Zeni et al., 2010) , 25 i A — A0 25 5 #A 1)
FRGEIT 1], 2 U9 0 I . B P AL A D 8 i
AR I XA L IE B, 37 b 3 AE DK 2 W Dy — ) R
B Iy — DU R ER S M B E O K P AR . O T LA RS
5 3 T ) B R B AU R A i v e (A R LA FS .
i 5% A BE D KR 55 /N B A SRR T ) 54 A B0 5 1 BE R
AR5 KR AE SR T (¥ I A1, BROG TS #1 B /R Iz i 5 /2
FE IR & A 5 8 52715 i FEON SR 55 1 A S IR T A
KA I 9% T i R D R 5 AR SR T Y R A, A e
B MR A R DR T AR BRI AUIR 1 e % 18 (Cazzola et al.,
2016) o A H1 3z Bh 2% O 1 € B 8 BN 25 5 3 1 I 250301
[F] 0 2R S 0 A0 2R 125 b 1) 1% 1] ( Cazzola et al. , 2016)

24 ¥R

K Vicon & 4t (1) Fic £ % £+ Nexus 1.9.1 Al Visual 3D
12 ) fiff At B X I8 Bl B R WL R AN 3 I 2R 30 1R 1) i3
B A e BEAT A B
2.5 #HIERIT

K XU 2 B A T 22 75 M (two-way repetitive ANO-
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VA LW 3 1283 RAE B HLUIZR S N SR MR T
A [ FE X (8] (138 B E i bm 22 o WU AFAE A B8 5
) 2Z B35 , 14 ] Bonferroni ¥ % J5 (1) 5 J5 A6 36 28 4T P R
FEAE . A AR B (o, ) 2 58 THL A0 R A 32 28R 2%
S A4 408 £ (Cohen’d) ff 78 3 i Kz 396 7 7 B A IR 2880 2R o

3 &R
i 2 I 1) 25 W 22 SR 20 I A7 7 S5 25 R PR B5 >X FE A2
LRGN 5 B LA RS A7 AE R 85 T RO P R (R D
55N SR AR B, W 8 D ML ZRBh 1 25 4
5 S I R 5 e I R BN ZRB A s 2 i )b, 0
A6 J5 5 20 AR S 25 I 3G 0 s £E AP BEIRAS T, BB LI

SR A 0 0 3 BLAL A IR s I ZRBD 1 A L TR
BB LN ZRBh 15 A3 s I 2R3 1 1) 30 T ELAZ AR 4 K

i R I RO TY  E JR OR T A R R R Y A AN
D 2% T M I JR 9T AR R AT AE S 2 I P 5 R s B ER
b T 58 T A B TR R A R R T A7 R B 2R S
I )R 2% 71 A1 BE B AR B Ay A AE S 3 () T RO (R
2. S I ZRah (E AR LG, BD B 25 30 15 B0 ER 3 b
RO BL IR/ 5 TR YT A AN R 5T A R s AR
M IS JE 5T AR LN 5 5 H N 2R AR A L, i R IR
2 £ B R 5 I 458 O T AR B AR O A LU A
JRE % i 28 0 » B 2R 0 b BN JR 51T AR BE DR/ » - e A
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Table 1  Spatio-Temporal Index n=13

o . B FEhk RBE X ik JE IRBLE AR ik JE AR

B2 385 M P Cohen’d P 7, P T, P 7,

522 B 1) /ms Wik 18+9 20+11 0.275 0.24 0.047  0.353 — — — —
&k 4149 36+10° 0.035 0.72

Tk aSlem  Fik 8.5%1.1 53404 — — 0249  0.039 0.025 0378 <0.001 0934

ik 9.1+1.2 55403 — —

& @ /m ik 1.10£0.04 1.11£0.03 0.524 0.28 0.013 0514  — — — —
& 1.2340.05 1.18£0.03"  0.017 1.21

 4/Hz ik 3.16+£0.12  3.24£0.09"  0.038 0.75 0.001  0.727 — — — —

%
A /ms ik 317£12 30949 0.035

=
=
i 3.514£0.13"  3.40%0.10° 0.024
&
i 285+10" 294+8" 0.007

0.95
0.75 0.003  0.720 — — — —
0.99

TE AT AR, ST S AN KRS ST AN R RAC A B £ A T Sk i, 305 USE AN IR R 5 S A K 4

RARVH B HEM £ 5 et 338 £ = P<0.05; F R,
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AW TSR TR H = #025 HL I 955 3% ol 25 01 5
ESMER ARG R E 2R 2 Wi 5 HEERE T 3eE
SMERARGEAREEZS . A, AW UKD, AR T 5
BORAS , = #OR S T B LGRS o G SRR
ERHEKR.

4.1 SaT NG BRI A ER ARG ZF

AW BN, T E 18 3 R D HLN 2R 5 3 Hh )l R
I BN A 1) 1 23 1F 1) | B0 2 B L 25 R 5 SR 25 i A7
1E 58 25 1 2 5 (P L, B Lb) , 0 AR 1t A0 0 20 15 b £ 7
AN ORI Z 5 W0 BRJE N ORI e R AR A A B
2R E e, | 1d).

TE 38 G A0 R BT AR R, A B 5 IR R D AR B O
HAEAFA RS S . b IRAR E R P Sk
B 7)) 56 B R EAR OG5 2 0 i 4 OK B — e R
I, 5 40 4 5% 3] — % BR ] (Hanley et al.,2013b) o AHf 7T
BRLEHERET, 5l G fEr L, %5 E83h i
B0 HUINZR BN R (1 25 S A0 5 g 384 Jn A5 Bk 92> 5 76 v OIR

AN, 5B B A S PN ZRBNAE 1) 28 SR 5 g B A, 2B
I3 03X 3 B 5% A 38 Bl R BEAT BB HL I G FOR B 1
RAET U KA R v R LI R R 2 5 37
IR HARRHE . AW FUME % T 6 B B P I R BB B S
Yy 3t I 25 10 Bl A 22 St 1R AH G SCRR $2 £ 0 08 48 1 22 e 1) 8L
% (7 & 4% , 2013 ; Strathy et al., 1983 ; Van Hooren et al.,
2020 Zeni et al.,2010) . 7EmdURE T, B AZ 48 F5
77 AW FE S5 R 5 A KBTS (Abbasi et al., 2020) A —
B Abbasi % (2020) BF 7t Ay, AT T Hh I B0, BOD L
b B (W B AR AP I #A PN . ASHT 5T S5 A OCHTE T2
V51 PR 22 7 AT B b 62D A0 5 A 22 ) PR Bl A A 22 e DA
52 38 B 8 777K % 7 08 A 5 Abbasi 55 (20200 Bf
FUM AN KR AT AL 2l E 2T igah i,
A8 HEIINGER.

55 ) 25 A0 L, 55 78 18 B 53 LE 0B LI 2RI 5 G
AR LRGN, X 3 WY A 1) Tk 5 B SRR 4R B B BE O K
R I e R A A R ol K R = R A E i
(Nelson et al.; 1972) . izl Zrkf Lb , 35 & 12 3 R 7E i
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A WL I BROGT  BE 0D, 5 DA EE BB 0 HLA 3 b
55 B 4 (¥ F 9t 45 SR (Abbasi et al., 2020 ; Yao et al., 2019)
B FEE I B A T SR R T, TR RO T A2 A
#7777 A Y B 2K Y (Hanley et al., 2013a; Tucker et al.,
2017« BRI A FL /N 7T RE 5 0 D WL SE E B AR 7 2
W4 3k 73 58 /N 9% . Nelson 5 (1972) I 5N A, B AP

MU i 0 % sl vy DAy 2> B0 R A 3t e 3t T 1) 3 9 69 47 18T 52
Wi, AT abb 6 A R I A 75 5 R A RO T e R A
FEBE g DL T 3D ) o 3t AT DR B0 5 L5 E I
AR AR . B BE HLIG N 10T R e R R, 58
B 12 Bl 51 75 B 2 10N AR OG5 e it ) B 1z B
MAZAL B, RLP BT [

R2 EHFHEER

Table 2 Kinematic Joint Angle Index n=13
) .- R PRI X ik JE RIE E A Y X 92
EZE B AL P 7, P 7, P 7,
T 3R A Ho B Z)
MET Wik 27.842.7 31.2+4.7 0.050 0.363 0.578 0.021 0.014 0.424
ik 26.742.5 273433
Mk ik 183.442.8 1833445 0.683 0.018 0.132 0.155 0.607 0.025
ik 182.6+3.9 182.04+4.2
AN Hik 8.142.0 47+0.8 0.858 0.003 0.001 0.715 0.117 0.209
ik 7.6%1.9 43+13
- Ea0 ik 67.5+5.9 72.4+7.0 0.628 0.032 0.001 0.661 0.001 0.633
ik 65.1£6.7 70.1+5.9
S ik 83.4+11.1 88.5+£11.9 0.320 0.090 0.009 0.478 0.153 0.177
&t 87.6+11.6 90.9+11.4
B R Hik 12.542.1 11.5+3.1 0.741 0.017 0.627 0.011 0.004 0.514
&k 152+2.4 15.4£2.7
R & Ho Bt )
G Se ik 10.7£4.0 8.943.8 0.092 0.283 0.154 0.212 0.236 0.152
Bk 7.8+3.6 12.0£5.7
Mk ik 1552462 150.149.8 0.322 0.098 0.852 0.004 0.100 0.247
Hik 153.1£10.7 151.6£8.9
BRE Wik 132424 92+1.9 0.645 0.020 0.103 0.223 0.326 0.088
Bk 57+1.1 6.1+0.9
V-E Wik 38.6+5.8 428+68 0.196 0.147 0.042 0.324 0.007 0.498
ik 35.6+6.6 419434
e Wik 62.3+8.0 62.616.0 0.734 0.011 0.173 0.162 0.661 0.018
#ik 59.1+7.3 60.1+5.5
B A ik 15.8+3.1 14.4+3.7 0.571 0.018 0.547 0.014 0.012 0.398
ik 184442 17.942.8

se L IE 3 W IR PR S BOR B AR 98 A R B T K
B, W AR NPT AR B G R AR, 2013) 0 ARHF ST
TR, ToU R AE T IR 2 HOR AT, HB WL SR (R
i SR b A0 A 2 B b £ 78 1 G B B 221 P R O T AR O FY
(A1 BE R T b N SRl 6 RIAEA R T, 5681
) A BN B SEE RS, 238 K RN I IE 5 Han-
ley %5 (2013b) B T 45 R — 8. ABE TN, IR 25 Hb b
JA R 5 I OG1T £ BE (¥ 38 i 5 25 4R IR AH 9% (Hanley et
al., 2013b) , 7£ B8 MLV ZRI] , 55 38 38 2y 53 36 i i 8 o1 K
45 Bl 1 Sk B AR A0 40T, AT AR IR e B A
42 38T WA R A3 e A B B R A ICHLR G
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AW FE IR AR AR, B 2 i TR) O 1 LA RS AR
ST AR B 50X B VI 5% o 3 E EL R 5 , T
FES AN REAETEC N IR W] W7 1) 1 25 (SEAE I 45,2014 X R
M %5 ,2007; Zeni et al., 20100 . AR B AZ (1 471 3R ~F 25 4
/9 24 Hz (Pavei et al., 2014) , B T 42 ms #5450 7] #E
PABE N HR AR o ARBIE SRR, oW A8 i Bl 25 A T 1/ e
BB ML G/ M 5D , 35k 12 Bl 51 R0 I A e ) AT A
T 42ms. mECRE T, B8 LI ZR 30 1E 10 s 23 ) A) R
B, DAL, K6 T 3 0 R B 1 S B2 WL 25 3 AR 1 A0 B
R A o E S BR P E BT 52 BN AR B AT ) R
il (Pavei et al., 2014) , & ) 5138 7 H 5 O 5 B AL RS H
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B, BT . AR TR IE S AR FOR G, BRI R
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i = Bif ) 5L 1 A % (Hanley et al., 2011) .
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