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Effects of shoe collar height on kinematics and kinetics of ankle joint
in sagittal plane under different jumping maneuvers

FU Wei-jie', HE Jun-liang®*, WANG Xi', LIU Yu'(1. Key Laboratory of Exercise and Health
Sciences of Ministry of Education, Shanghai University of Sport, Shanghai 200438, China; 2. Shanghai Research
Institute of Sports Science, Shanghai 200030, China)

Abstract : Objective To study the effects by wearing high-top and low-top basketball shoes on kinematics, kinetics
and sports performance of ankle joint in sagittal plane under different jumping maneuvers. Methods Twelve sub-
jects were required to wear high-top and low-top basketball shoes to perform drop jumps(DJ) and lay-up jumps
(LJ), and the parameters such as minimum/maximum joint angle, torque, power, stiffness, jumping height and
dorsiflexion angle during their jumping maneuvers were simultaneously collected by the Vicon motion capture sys-
tem and Kistler force plates. Results (1) The dorsiflexion angle of ankle joint was significantly decreased when
wearing high-top basketball shoe (P <0.05). During DJ and LJ, no significant differences were found in jumping
height, touch-down ankle angle, minimum/maximum ankle angle, and ankle range of motion (ROM) in the two
shod conditions. (2) There were no significant differences in flexion/extension torque and power of ankle joint in
the two shod conditions during DJ. However, during LJ, the peak value of plantarflexion torque and power from
wearing high-top shoes was significantly smaller than that with low-top shoes (P <0.05). Conclusions Wearing
high-top shoes do not restrict the performance of ankle plantarflexion and dorsiflexion under actual jumping situa-
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tion. However, the kinetics of ankle joint in sagittal plane under different jumping maneuvers can be partly restrict-
ed. The selection and design of shoe collar height should be carefully considered to improve the mechanical effect
of ankle joint in sagittal plane and optimize sports performance along with considering ankle protection.

Key words: Shoe collar height; Ankle joint; Kinematics; Kinetics; Jumping maneuver

BRBR AT , B 15 SRR ADOURE Bk , 2 i Bk Bl dee Sk
AREEERZ " . it R BOE Y 83
BUART ZAE 5 SR R RS s A P o — R
SRR B RIS S 1R . R B/ s s 1L
1o PR RIT , B 2 T R AT BRAZ 2l 53 L BR A5 3 1 =
RS R AR R Bl R A 0 B,
TERREE, LRI H w2 1 REig el T Bk
B BTG

BB BT o A EE A B T2 IR A 4R v TRREG
RURIE IS 37 o TR e RSN B ULRE 1Y
EIBUREAE , 38 0L LE 94 i s T T B R OG5 A0tk T
WSB! o SRR B S 1 1 7 L G362 R
IS UUBR Bk , A1 2 B oA JAR T )iz Bl 3 i ey
23R A S B il FH 2o e v 2 1 25 SR DG T
TERARTHT (9 JEt o A K2 B 1) sh 3R B, 3 A 1 T ik
—HIHEE . AT, A AR 2 AR 1
—EFEIE b PR R 5G9 S fe R R T B 2 3R
B, (E B e R Bh AR 32 D v e A D) i 22, HLXHR AR fiE
FIIE ShRIDFARIE AR

AR LA RR 2 2R DL kR sy —
AU ¥ Hi S5 Bk ( double-leg drop jump, D) 1 L8 25
2Bk (single-leg lay-up jump, LI) NAFFE S, TR0 5
& i R T BRI M o i R RO SR T Y A8
EIESCSIV NN R (4 E DN PIESIE SV
AT I A AT ) LA iz sl e 9 (RBR = )
RS2, 43 AT e RS BEE 5 R OGS SR T A 49 ) 2 ¢
MRS FR, DU SERREE RO BIF A S IS S0 6 o

1 HARAE

1.1 #HRIFH

AR BB SR B W BK R U i 2
12 & R (23.7 £0.6) %, B (180. 0 +
4.6) em fRE(73.6 £6.9) kg, Hf 1 g5 5 3
N2 96Ga8 9 No Frfr 2idic gl i fR 4 it 2 56
i S0 ) [ A A A, ff e G AR TG RO B A 2 B
PRI, T RSORN R 1 AR N TG I i, R AR AR A5
FHLRE— VI IE W, SR F R Miz ghfig J) R 47,24 h

WARMNFRIZLZE)

1.2 2R

1.2.1 TRV SEFE HERHEEFEIT, I
Atz & A LHRIAER & (K x %8 x &
60 cm x80 ¢cm x70 cm) , AP HYE JEILE N 20 ~
65 cm, J5 A LGS, M EE T RR R 5 em,
1.2.2 E#5R%EZ%  Vicon £140EHia sl L
G5 (T40, Y [E) 116 & 5Bk, RAEE N
120 Hz, F|J] Nexus 1. 52 B {FXHF 5 3F 47 52 0 4%
HIRAE

1.2.3 =4 Kistler =ZEIJ1 &5 (92878, 5t
1), R 90 em x 60 ecm x 10 em (K x $5 x
), WEAE SO, B KA 1) g FEe H ) 43 ) A]
151020 kN, RAEZR K 1.2 kHz, ] f1 & FVicon
B 5 (A/D Converter ) 283 & 4T R GE 1Y
A5

1.3 Wik7iE

1.3.1 st m#E Sl RIS i 3k & s BREE B
KEF B P EU R = 5, A S A 2E 7 om
(AIGHS A e R ) ) | Bl M 22 22 g BRI
ZHN B RAE S R RSN B — 3 (L
1) o HERS A 36 E ARt RAS 9 (US 9) 5 9. 5 14
(US9.5) (=il E e A B pkit) . tesh, R
e AT AR A T T O ) S ), AR A 1 2N
KRG X AT R R 98 Al — 3 Bk bk

(b) HiHEE

(a) 1R HE
1 ik AE

Fig.1 Experimental shoes (a) Low-top shoe, (b) High-top shoe

1.3.2 RoksizE sz RABEREN 14 mm B4
AN SR EER Rk A7 B A R AMI A5 B e



EREMAE $£30%5 £6H 2015F£12 8
530 Journal of Medical Biomechanics, Vol. 30 No. 6, Dec. 2015

IRRLER 1 BBESCTT AT SR S B AT R B
HMI L RS A /N BB BR B ), s SC/NBR I A
PRAY, DAL AR AR ER 1 2 B BRI
1.3.3 B ARE 0%t BROCT #7 e 3 3h 5 I i
FNBEER AR 1 BRI R I A ) 7 2 P 2
o

(1) BRITJE G BB . 3233 BEAL 27 3 s 1
s IR, TR AT, A SRS, XUE T 5 R [
VRV EIDRPNAPIR RIS EN) S S
HEICEARLE POk (DLIE 2) o AR ¥ Bennell
A BRSY  OR A2 VU T Bl T
LR BRARES W O R e T S R A R, R
AR, S2RE R AR SRR T IE L, D%
BT 7 A A B

T
90° 80° 70°

B2 BRXTEREHNEMNRFETEE

Fig.2 Schematic diagram of method for measuring ankle dorisi-

flexion

(2) BRSCTY ORI A= 9 g 20 - 7 1 2 i
HIEORS2R#H FE 0 B Vs gl 1. DI 2R ZX#H
XUt N7 - 5 KT, B B i TET 60 em, JAIEE 5 )
98 [R2DAE 2 IT 06 5 , WO BB AR B2 48 i ~F- &5 1 2%
[ ) & N S IR G ELRE T, 3 R
Ry i) b O BGE (JCHERF) 1 i L) Bk 7
W B ORI A I 22 5. 2 Vicon
WA K )5, 21X B B e o bR s 2 6 T
W& b R ERRES T 5E R Bk, [R] ORIk i B
iy B T RE LR LU TR KU (I 3) o

S R A 52 10 1R BB 2 i ) &5 T

fi (touch-down ) Z B I /1 5 (toe-off ) Hf: [} 25 45 4
ko BRHEIESER 3 UK, BE IR ]2 2 min,
2 1] i Bsf 8] 25 min, S 0 A ) 5 5 AE L S ~
2 h, R AT PRSI S M B R S R
RIGESERREIN ' o AT AN TRV A P T T
L, 30 1 Bk Bl v d i UL I A st AR A Heaz 8l
ESII

(a) IEHEW
B3 WiXBFESERENZAE
Fig.3 Experimental setup and subject at test site (a) Front view,
(b) Side view

(b) uar

1.4 HURAL BT SH
1.4.1 33432 R Visual 3D™ =4k K017
A (C-Motion 28w, 32 ) o £ X Fr 3k B Vicon
B2 LA K Kistler I 1) & =4 18Ul , #4718
BRI AL B AN ) Bl ) 2E T A . Hed
iz 3127548 R F Butter-worth — [ A ] IG5 U8 % #
P, BN T Ha'T SRR T 2 W
PR3l 2 3 1 B 1 2 A AT
1.4.2 MA% 5 KR B8 S 2F F s
SRR TR

(1) JARTHTIS Bl 2F R AE < B3 OG1 foh 3t [0 1] £ )3
(6,) , BRI/ N FE 6,1, TRKRIAE 6, , K115 5l
E Orom s Oromt = Oy = O ,%iﬁ%{*ﬂ%ﬂz'ﬁjﬂfﬁ%%ﬁ
JEARAL B AG, A0 =6, — 0, ; BEER B VE IS i i
A b A 1) E 53 b o BRER S BE A, SR FH B b
ST h = (T/2)/(2g) , T A2 i), g =
9.81 m/s*, DJ I L) #7522 filk S 1 6 )5 1
NEN VY S RS o3 w1 A Rl il = = VA= WA N 31
2SR I 2 I ) A5 B i

(2) AR B I1 AR E : 2R F R AL J5 1) BR
KR IHE M, IR P, KNI b, H
H1,P=Mw,w FAEE k= AM/AO, AM 2% np
RS AR R, A0 MR i AR T A
AR
1.5 SitZEoH

Bdi H SPSS 17. 0 B A AT 5e 11, R A X+
A o kI LG A AR 8 BREE X &8 Bl R B
JI2ESRE M, B KT a=0.05,



BYER,MRRE, % EFTSENRRINERIT RREIESNF RN ZFER R0

FU Wei-jie, HE Jun-liang, et al. Effects of shoe collar height on kinematics and kinetics of ankle joint in sagittal

plane under different jumping maneuvers

531

2 TRER

2.1 BRXTRAEEFF

2.1.1 @EFHRI TSt DI ibJE L, B Ay Bk
PR HICE S o LA, WIEE A A [R] S A r 5
FRF 18] o5 B A fi IR TR P P 20 Bt o AR B 2 P 2
F(IELD) .

2.1.2 RXFAAL (EBREEESH N, A
AR A, 203 R BE 08 S 25 D/ N R ST 1 7 i A

JE2y5°(P <0.05) . {H7E DJ Al L) g, JCig 2
iyt £ BE e /N RO BEE R TITIG B AE
Az s E 2 (R 1) H,
DJ I P T BREEER O A 82 il 2 B (A 52 U AL
B it i RS DRGHE i R AR OK, B S T R
L 2RI M 5 T L IS PR RO T A B Lk
S S” Y B Bt 5 5 1 A e 0 B S
JELZ e K, 2 JE BRSNS M A (L
Kl4).

F1 TRAPERXTERSEN TRBRXTRREEHZRAHM (n=12,x £5d)

Tab.1 Effect of shoe collar height on sagittal plane ankle kinematics during different types of maneuvers
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Fig.4 Effects of shoe collar height on ankle joint in sagittal plane during stance phase under different jumping maneuvers

(a) Ankle ROM tests, (b) Drop jump, (c¢) Lay-up jump
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Fig.5 Effects of shoe collar height on ankle joint torque during stance phase under different jumping maneuvers

(a) Drop jump, (b) Lay-up jump
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Fig. 6 Effects of shoe collar height on ankle joint power in sagittal plane during stance phase under different jumping
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Tab.2 Effects of shoe collar height on ankle kinetics in sagittal plane ( normalized by body weight) under different jumping maneuvers
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