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Effects of Metatarsophalangeal Joint Constraints on Human Gait
Stability

YANG Tianjun, XIONG Hui
(School of Control Science and Engineering, Tiangong University, Tianjin 300387, China)

Abstract; Objective To investigate the effect of foot metatarsophalangeal (MTP) joint constraint on human gait
stability. Methods Gait experiment under two states was conducted on a horizontal wet-slip test bench, namely,
with and without constraint of the MTP joints. The differences in time-space gait parameters, kinematic
parameters, kinetic parameters, and utilization coefficient of friction (UCOF) were analyzed. Results Under the
state of MTP joint constraint, the average human walking speed was reduced by 50 mm/s, the stride length was
reduced by 0.22 m, and the double support phase time was shortened by 70 ms. MTP joint constraint resulted in
a significant increase in the range of motion (ROM) of the hip and knee in sagittal plane and a decrease in the
ROM of the ankle. Meanwhile, the UCOF amplitude with MTP joint constraint was 1. 15 times higher than that
without MTP joint constraint, indicating an increased probability of human slip and fall as well as an increased
walking instability. Conclusions MTP joint constraint in the foot can reduce walking stability. The results of this
study provide data and theoretical support for the development of toe flexion rehabilitation device.

Key words: metatarsophalangeal joint constraint; gait; utilization coefficient of friction (UCOP) ; walking stability

%5 B #1:2022-04-04; &[5 B H#7:2022-05-09
E€WE : FEAARAIEETH (62071329) , KA A ARARE ST H (18JCYBIC0400)
BIE1EE REE, 2U4% , Wi+ S, E-mail ; xionghui @ tiangong. edu. cn



BRE, %, BHIMEXTARN ANESSREENFM
YANG Tianjun, et al. Effects of Metatarsophalangeal Joint Constraints on Human Gait Stability 813

AT, B AT A 7E S5 4 T T T
i BROCT BY A R EE ORISR B, TR
TR, 22 BOw BT O BB B B el B A T B AL
PR A AL Yt 4 R AR, K A RT REXT B AT
TR M AR RS A, B B AT AR
0 JE A P BT B A8 A BRI 22 3 T IE # N A7k
A TR RS o AT AR, AR UL B G TY
B3 5Z RS IS R, LABUIT S T 1 B
(R D MER| N BRI

S S A% Y S 1Y R TR R A% BN
AR, TR A A6 [ AT 5 i Jee e /D e g i
B BREE SRS B & P S,
5 SV ETE B Bh e BR AT A 4540 7K 52 AR T 1 F 7
A TR HIEAT A BT T M O T B A E O EH B
FHST BEXF R B 56 35 X AR AT N R, 2E A
FrIR TR Y Liu 7R R, SIER AT
FL, B OGT T RE A7 BR 2 T B8 47 7R FRAIG, {1 2
ZME AT Xt A SRR PE R R W 43 HT . Abraham
SEUR ST R, B R DG 7R BRI AR AR I
(LR Bk G 7 E T A A A5 14T A0 2 A R T BB G K
JEIFEIERAZ 05 5% , Mager 4510 75 B Ik G55 (8 1 45 1
R T T RS AL A SR, ST R BT 2B
BRHER 22 52 25K, 502 HAH ., 21T
SRIBROCTT W FE G 2 A (R Z I R T IR B
Bk 564 12 B 2 B AS R PE RO R

AR SC LA S FH R A1 B0 5 1 4 PR ) 2 38 Bk 5%
TIE AN S, R T R B ST 2 SRS
WS AR LB & BT,
X bR R SETT 2 SRR IS A TS S U AR L, =
A5 A BRE DG 2 SO AT B 25 S R M 5 | 3t
T R 3 3 2 B AT f AR BT TSR A A

1 #MEFAEE

1.1 REXIH

A 10 AR B AFIE 25 % Bis (175
3.75) cm,JATE (65+7.48) kg, BHA T 455 ( body
mass index, BMI) A (21.22+1.59) kg/m’, 747
SIS TR, B A7 32 13 Bl A 0 S5 Y TR AE P AR
HEEARBRSSELRMRFZE, ZilHE etk
R ARIEAT I TR, o BAM s, T i [n) 8 sk
P2 WL

1.2 AWiE&

R RHKIES. 5 m FEEH 1 m M EHLEL
i, i VICON R4 RS (Oxford Metrics 23 7], 3¢
) BRIz g2 Ml S 2+ S8 RN 1 kHz, fEEH]
3 He =40 J1 5 ( Advanced Mechanical Technology
A} FEED SRIBUR IS, %00 1 kHz, I ) i
AATHE T AER I RIE M Z B35, A T ARIIE
AR LA e E E I AR N O 4 i i B Bl 2 4
BRAPHLRG , 75 A R 0 A2 108 17 78 B R R I, 552
e P e B i S AR R R A NS & VT A (A =
J3E I JHARF SR LA Xof I T e ks Bl AT 20 i
SN A R B R SN B A AT
I TFARJGORFF A2 i S ST, o B4 24
Ik I2 B[R] I PRAEAS 52 R E R AT E 1 RS T
MR/ IHIE HAEA — & R AR (K 7.5 emx
56 8.0 cm x % 0.5 em ) HCE T ATME T [ WA 1
(a) o AN ABHMEIER B AR K00, o
b A2 FR RT3 b R BRI [ LI 1(b) ],

. i
() MfrE
H1 REEUEBARAR

Fig.1 Restraint mode of foot metatarsophalangeal joint
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