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Relationship between gait stability indices and gait parameters comprising joint angles using walking data
of 300 people
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Stability while walking is essential as accidents may lead to severe injuries. In this study, we calculated the
margin of stability (MoS) and maximum Lyapunov exponent (4s), the two prominent stability indices of walking,
using a gait database of 300 people with 1.5 strides. Thus far, the relationship between these indices and other
gait parameters including joint angles has not been investigated for such a large participant pool. Therefore, we
determined the relationship between these stability indices and gait parameters by using multiple regression analysis.
The results showed that the MoS was dominated by walking speed in the forward direction and associated with
various joint angles in the lateral direction. Conversely, no relationship was identified between A and gait parameters.
Although the MoS and A, represent certain aspects of gait stability, they are either independent or associated with
only a part of gait parameters. Thus, the feature of gait motion represented by A; does not rely directly on the gait
parameters. A is not expected to be easily improved by modifying a specific gait parameter.
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1 Introduction

EEE DT E TR A BRHERITBNT, BITICBT
SEENIRELR Y R2IT7D 5 5. BITOREME, xfE
DfEfRMEZ IS 2 7 DICEETH S, ZHET, HIT0
LR 2 T T 2Bk 4 IRIEEMER ST WS [1]. JaAT
W72 AT DLE M2 FHE§ 2 f5i5e, &RV 77 7
W) BB 5B 2. F7z, NENERIIOFD EVHSBITO
ZEMEERT 5161E L LT, Margin of Stability(MoS) 53
» 5 [3].

INET, HMTORENICHELERS53EIERT 7
IR —DFARGNTE[4,5,6]. —HT, BITORENE
61, ThbH MoS % A, & B EE & OEAN AT
2RT R =R DBATHIC BT 2 BRI Z R L 72053 7
W, Haketal. 512 & D ETHEITAID MoS 1H1T#E ¥ BLD
MHREA D 2 Z ¥, BETHED MoS 13847 JER AL ¥ 1E D Bf%
WH3MEINTVD [7]. £/, A EHITORGREH
HINTWE., LrLids, SITORENEEEY, 51T
OB E Z &D 7z & D aENRA T T X — X2 Hig
L7=gRider o7z, %72, A £ MoS X5 5 H(TD
ZEME R Z4EFE L THREIATWSD, Zhs =250
RAGRMEIZEA & 22Tl Az,

ARFZETIX, A & MoS, BLUHTRFZX—X L DR
%% 41757 — & (AIST Gait DATABASE2019) %\ T
Nz, TRUETHNSGANSNT I Rd oz, HiThos
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2 Methods

2.1 Dataset

BATT — 21T, AIST HIT7 — & RX—2Z 2019 ZHW
72 [8]. 2O T =&, #HEEKA 300 N7TDOR 1.5 A T4 R
DOBTHREA 10 ITEENTVWE. E—>aryFr I F v
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12 ND 7 — & %R\ 288 AORFRERMBLZD T — X
0K 5 T8 KDF 141 N, L 147 \) ZHEAF L, fEHTIC
FHAL 7.

ifi ASIS ~—H DLl ~—A DFLEELE LTH
Wiz, F72 Heel BX U Toe~v—h %, BOEHHIEL XU
base of support DHEHIZH Wz, 7 — X DENTICIE MAT-
LAB R2020b (The MathWorks, Inc., Natick, Massachusetts,
United States.) % | L 7.

2.2 Gait Parameters

AR TIE, 9] KD EHLEBIT I X=X E V.
AW/ 785 X =21, R 1ITRT.
2.3 Margin of Stability
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Table 1: #17,¢F X — X D—% (HC: heel contact; TO: toe off-timing; MFC: minimum foot clearance)

Gait parameters

Distance between the heel markers of right and left legs in the forward direc-

Lateral distance between the right and left heels at the HC
Distance from the floor to the sole when the foot becomes parallel to the

Angle between the thigh and horizontal axis in the sagittal plane

Angle between the thigh and the lower thigh at the HC

Angle between the lower thigh and the horizontal direction at the HC

Angle between the vector from the distal end to the proximal end in the hori-

1 Step length (m)
tion at HC
2 Step width (m)
3  MFC
ground during the swing phase
4 Thigh tilt (HC) (deg)
5  Thigh tilt (TO) (deg) Thigh tilt at the TO
6  Knee angle (HC) (deg)
7  Knee angle (TO) (deg) Knee angle at the TO
8  Lower thigh tilt (HC) (deg)
9  Lower thigh tilt (TO) (deg) Lower thigh tilt at the TO
10 Foot angle (deg)
zontal direction
11  Tilt of upper body (deg)

Inclination of the line connecting the midpoint between C7 and the upper
body margin of the sternum

12 Ratio of COG position (lateral)

Ratio of the center of gravity (COG) positions on the area of the base of

support (BoS) in lateral direction at the HC

13 Ratio of COG position (forward)
14 Walking speed (m/s)
15  Stride frequency (Hz)

Ratio of COG position in the forward direction at the HC
Average of the velocity of the center of mass in the forward direction
Inverse of one stride time defined as walking speed / stride length

CITIHRELDOEE, g BENIERETH 5. R,
BoS % TOE O~ — 7 OfEMERF e LTHRHL, ITD &
912, BoS & XCoM D margin & L TEFKT 5.

MoS = BoS — XCoM 2)

MoS>0 D & &, JIFHNCZLEL TE D, MoS=0THH &
W, MoS<0 TAREEL 5.

HIXESTIA1 D MoS 122\ T, leading foot @ TOE D= —
#1—7% BoS £ L THW, MoS % TOE D~ —% £ XCoM D
PERED Y LTHEI L. BAFRO MoS OFHIZ, 1) &E
DEERZ PLOEE, ) FEL TV E (M - HRED
A ERDA), ERLT, FERERLTEBLE

MoS % T L X7/ T X — & et s 5121, H17H
TR LN MoS DIETED S, ¥ IRz {FEHEE L
TERIDEDLD 5. AL TIE, BREHATE, 22Y1D
BZIERD, BT —RLEL 25 M. B ATIE,
HEANZ NIV E & He M U 72 D margin 23/ & 72
LHIE B R AT,

2.4 Maximum Lyapunov Exponent

A 1, BITDX A F I 7 2% Takens theorem [11] 123D
WTIEIE L, IRABZER L CH AR e 2 3l 5.
WNREE R Z 5 2 8T, RN ESITORENZER
t53%. LIEUToXSLTEHINS [1,2]. —XTT
DBITOELEE v(t) 205, HDIABRIT m, FEEEN T
ZHWT m RITOIREEZEM S ZLLT D X 5 ITHEET 5.

S=p@) vt +1) vt +27) v(t+3T) v(t+41)] (3)

False Nearest Neighbours Algorithm % i\ T, H&IAARK
Jgtm ZEEAFI m=3, #A M m=5 HEH L. Average
Mutual Information % W C, KRB 7 & F N2 i
FEC 13, M 6 L B U7z [12], [13]. HEERL 7o IRAEZE
ElDHT, Rosenstein 5D 7 /L3 X LW T divergence
2R LT [14]. 18517z divergence curve DIE & 23 A
V777 7T H 5. AWIFETIE, 05-1.0 5D 54
K % short-term DAV 777 7468 A, ¥ LCTHIFH L 7=,
2.5 Statistical Design

288 NOWHERE D 10587077 — &2 FHWT, Ay, MoS
Zh2IIONVT, R VIR LIBT T X — X THEMGF
I EIToT. ZEMREZIRRT 272012, Hor LD
BT RI X =2 DOHPTHBEZEIAE L, HEDED 578
TR =& (r>0.8) ZFER L CHIBRL 7. thigh angle & hip
angle DHHEDE D o 72728, hip angle D AW,

3 Results

BT RT X =& ZOoDREMHIEETERIFH 2TV,
BoN I REEE Z D 95%EHEXEZ K 1 1Z7RS, MoS I,
M, AEA M TERE DA DFEIKE V. M
MBI LT, fxoEifEDBEORELRIEFL TS
Zebhol. RERBIIKE L GRES R? = 0.549,
BEH T R =0.226) , ZHBHH(T8F X —RIZ X > T MoS
EHHIEETFHUTETWD DD 5.

—F, AAFRERBD . TH/NX L, 2o DT85
X=X T A DEZEFHATETCOARY, HEE LT, &%
THEEPMD T X = ZIZHRTREREELRIFL T
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(d) As forward, RZ = 0.01

Fig.1: B17%7 X — & L EMHERE (MoS, A) OEERIH OREBUE. MoS, EH1ETA, MoS, I3MiEz«RS. =

7 —N—=13 5%EMXMEZRT. (C METINCEERZRFRED
ZLI3BERTEZD00, EHEXBOEDLL, HAE,
HITZLDEBPKRENZ 2O N 5.

4 Discussion

4.1 Effect of Gait Parameters on MoS
4.1.1 Forward direction

ERIFIHTOFERD 6, PITEREDHEN B THD,
LEMEE BITHREZAOBGRYED 5 Z e PRI N, &
TSR Z 2, DT X —RIFIFE A YD MoS D
EIHEEZ L TWRWZ e Abh 5. BITHE LS
@ MoS DEfRIZDOWTIE, Hak 5DFEHRICBWT, i D
FER Y RO DBATIHEE ¥ MoS D IEDBRMAIE X hTw
5 [7]. LH»L, MoS DEFREEZ S, HITHE L MoS
WHDOHBENRALNLETHRERTHZ L Bbih s, BT
HENKELRBYE, XCoM BKEL 23729, BoS &
XCoM D~ —I NINEL 5. 2k, BITHEENKE
{22 E MOSAVNE B Z e ZERLTWA. %72,
X ER TS X =R 2EROPTOHFSGIIRE LRV,
4.1.2 Lateral direction

HEFIWTORRD &, BITIHE, BITRBEE KE L
T2L, MoS HVNXLK 3, TROBEEMENPELIRD,
HiREREL T2 REMRAM LT 2 Bbhotz. &
\lDZ DOFGRIE, [7] DR B2 2. %, HITHEE
C AT T R D ZEMEICIEBIRD R <, TR T

EOBRDEH 2 e MELTWS. MoS PN EL B eWn
SZiE, MAMICEFEI LS TRV 2 E2RLT
W3, BEEINICEZ S, BITHEDIR 25 eI
LoOBL RBEEZOLNED, RMDOERNEFSNT-DIX
BEZN, 72720, BEXEOEIAE L, FAZ -3 17
ENPRZINVEWVWS ZEICEEDPBETH 5. iz, Knee,
Thigh angle % FRICEHOEBRIE RGNS, ZhbDMEE
¥, MoS [ HDEbL D ZEo TV Z e hHERIN D
D, TORHZALEEZTLD3HLWIEAS. MoS A3
BTN 2 4 DA E L HEDIRBIRZ RO Z & H%E
MO, £z, WEIRKEL RV ODOHRE IEDHM
FEORONATED, TAREHECHIELY. Thbbd
fRERELTEEHITVRET 5.

4.2 Effect of Gait Parameters on A,

A ETREORRIE, FHT 27— 20 DiENIC
MEERZTZ e PMEINTED [15], BEEMIBED
HE e LR 5 2 e A3E LW, Hak 513 A, DEMEIC 30T
DHTHEERHAEGDELZDDEHNTED [7], A &2
THREOHMICEDBEFELIR SN VI MEEZ L TV,
Dingwell 5373 & quadratic positive 72 BRI E S
7225 L LTED [16], England 5%, BAEIMAEZ HW
THI U A BB Te EOMFEBR sz mELTW
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% [17]. Brujin 5%, A, L AHETHOBITHEDORICE D
BB RSNz LT3 [18].

SE DK A DGR, BHITHE L A, DN S 2 DIE
MRS TVWE2H00, FEREINAE L, BAZ - R
fIRIZEBIEDDERRE V. T, WERKOMENIIEE
WIRW=8, ZASDNRT X —X T A, DEE T2
BACERWZ R ENS. Thbb, SHOFERIE A,
WEHBITDRT X — X v BHEINCERIE L TOR0 E RRT
ELZDTIRWD. —HT, A1, BELEBREDSHITOD
XAl [19] 23T X, fall history & B5#AYH 2 [20] Z & S
ENTVE., INOHDRREARHED S, A ZBHITDNRT
X =R EHEBERLTOEVWE S BBHTONEEZ RT3
DEAHEZLNE. ZHUL, A DEEDIS D Z D ER
T&2. 2O, WBEDMEDKERI—EL TV
T EHHTE 2 LR,

727 L, SEHOMETHWEHTT —X0EXI13MEL,
RI] THAZINTVWE XL, TREXDANTA KR
RV A D—EDHEICPCR LW EZ b0, R
DFFICHERESIRETH 2. —J5T, [22] HIZLIUL, A
MTAL T4 RDTFT—XTNT Y AR LB TERIT
ELVWOMED D B0, AT THA S 2ORES
HHZIETEREAIeEZLNS.

4.3 Relationship between A and MoS

ATES A, MTRFINCTE S N EBREII . TH /S L,
MoS, As DO DIEERICERIERR SN a7z R
D, MoS & A iZHTOES Mz R THED, ZoDfEE
WIREENZBRER W e RO 6NZ 5> TH L. %7,
MoS & Ag DTG X —ZADKIE S BAMEIC TR 72 5.

5 Conclusions

288 AD 10 RITOHBITT — X2 HWT, BHRERBITE
FEMFERITH % MoS, Ay, FRBIT T X—XEHHL
7=, BEIFOWEITS 22T, ARD8T5 A — & <
T A — R\ ZHARTHIIYIZ MoS, A, DfEIZE L HWVWEH
5320 %#~7. MoS 13#HEDADFEN LB TH -
T3, FA OBEIAE L b EEREGREZROZ L8005
oo —ATARIFEAEHITNT X=X BRE SR
W e dbhol. TD2ORBMTORERDIEEYL LT
FNZENHNSENTVBED, ZORRNLS, Zhd oD
FERRIHBITOE B 5HHEZ A T0W2 e E2 50 LT
4NN
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