1P2-TO1

MFC & TRBEEAEDMERBIEZR L= L1 L StnE DSITREN

Gait analysis of frail elderly using correlation values
between MFC and lower limb joint angles

A (EIH) 1B K sl (BR) B AR B (HRSLK)
it HER (REMD ®m ZEEGEEN P wEk (REDD

Yuho GOTO, Shinshu University, 20£203 1a@shinshu-u.ac.jp
Yasuhiro AKIYAMA, Shinshu University

Shogo OKAMOTO, Tokyo Metropolitan University

Yasumoto MATSUI, National Center for Geriatrics and Gerontology
Natsuka TAKEDA, National Center for Geriatrics and Gerontology
Yuji HIRANO, National Center for Geriatrics and Gerontology

O 1k

Preventing falls and improving gait function in the elderly is crucial for addressing the increasing number of care

recipients and extending healthy life expectancy. Elderly individuals with potential for improvement in motor function
due to age-related decline in muscle strength are referred to as frail elderly. Therefore, gait measurement experiments
were conducted targeting frail elderly individuals. This study focused on a gait parameter called Minimum Foot
Clearance (MFC). Decreased MFC increases the risk of stumbling due to contact between the foot and the ground,
leading to an increased risk of falls. Therefore, the aim of this study was to elucidate the gait parameters that influence
the increase or decrease in MFC. Correlation analysis was conducted using MFC and other gait parameters, revealing
that the upper leg angle at MFC was a parameter that may influence changes in MFC.
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Fig. 1 Walking Route
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Fig. 3 Minimum Foot Clearance (MFC)
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Table. 1| Mean of MFC and mean of gait parameters in MFC Phase (Mean * SD)

LUpperLeg LKnee LLowerLeg LAnkle
SBJ No. LSstage Frailty (LMFC Phase) (LMFC Phase) (LMFC Phase)  (LMFC Phase) LMEC [cm] RMEFC [cm]
[deg] [deg] [deg] [deg]
2 1 Robust  117.5 £ 1.36 254 £ 2,02 92.1 £ 1.39 -0.71 £ 1.39 2.76 £ 0.37 2.89 £ 033
3 2 PFrail  117.2 = L.I8 251 * 1.64 92.1 £ 1.55 -0.61 + 121 2,63 £0.35 2.39 £ 038
_ 5 3 Frail 117 £ 1.72 242 * 256 87.7 = 1.64 3.20 £ 1.50 1.97 £ 042 1.23 + 034
Ell:dr::':y 7 3 Robust  116.1 = 1.79 343 £ 2.00 81.8 = 1.90 9.72 = 1.80 2.81 £ 048 342 £ 036
8 3 PFrail ~ 113.1 + 1.04 22.8 £ 148 90.5 + 1.01 0.17 £ 091 243 £032 1.72 £ 0.27
9 3 Frail 106.2 * 1.18 116 * 1.55 94.7 + 1.07 421 + 101 1.34 £ 0.29 1.64 + 0.31
10 2 PFrail 1158 £ 1.07 226 £ 231 93.3 £2.02 2234 £ 183 245 £ 0.28 424 £ 0.55
Young 1 - 117.0 £ 0.94 235 £ 1.76 934 * 1.89 -1.71 £ 1.52 277 £ 035 326 + 034
- - 109.0 £1.45 229 £219 86.0 £ 2.52 6.23 £ 1.93 297 £0.29 3.02 £ 036
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Table. 2 MFC — Gait Parameters, Correlation (Corr.) and p-value
(* p £0.05, *x p < 0.01, *xx p < 0.001)

MFC - Ankle joint
angle(MFC Phase)

MEFC - UpperLeg
angle(MFC Phase)

SBINo. n Corr. p-value Corr. p-value
2 61 0.39 *ok -0.22 0.08
3 39 0.86 ok -0.40 *
5 85 0.78 ook 0.34 ok
7 75 0.82 kokk -0.27 *
8 77 0.74 ook -0.10 0.40
9 55 0.30 wk 0.10 0.48
10 38 0.59 ook -0.11 0.53

No. 24-2 Proceedings of the 2024 JSME Conference on Robotics and Mechatronics, Utsunomiya, Japan, May 29—June 1, 2024
1P2-T01(3)



3.7 7L A& MFC B RERFEE

WERE = & o MFC O & MFC o> KR B o> Sl
D¥ATH (Fig.8) 7 vy b Lo aEERETE L OG%EE
ERLT. Krbbond Z ix, MFC EBEO REEMAENKE )
WBRHEIEE MFC AREL o TWD. £7o, KERDREREMN
HiE, oI ERELERENED S LB ENE D (BEIEkGE
MET L TW5 EBZK S ) #BRE 1S & MFC 23/ S\WMEA
2D ENnhD.

IDOZEND, T LA NEEEOSETEE THOZD
MFC #¥nEg57-0H12, MFC B KIRBIMMA 4 K& <
TOHEIERT D EDNEAEI T ORN D EEZLND.
F7-ZOFEENS, 7 LA NVEEEDOHEBFICBWT MFC o
KEBAEEZBEINIED X IR T VA NBRNRT VA RT
B D AMREMEREW D, AT CHBE INZT VA b T A
A ADWBRBELELTHTONS.

4. ¥E

ATFFETIZT LA LGS OB T MFC ORI E S
B 250 BUEOHHBITNTA—FEHALNITHZ L5 H
BEL, EMXE—va vy P Fyry AT L EF -7 L
A NVEIE OBITFHIER 21T o 72, FHl L a7 — 2 2268
KEMMST BHBITATA—FE2EH L, MFC & MBS %
1T-o7-.

FHEASAHT DfE R, MFC & MFC oD KR EERIC BV TH

SBJS Corr. 0.775027, p-value 0.000000

301 18
o
|’T\l o
oll6r °
s o
[+]
S114 R N
2 oo
< 1 ]2 o&aw [+] o o
a0 °0 @ %m%,g &
Q ° OO o "c%
T110¢ Caf®®o R
2 ?, ©
3 8
o108+ : : :
1 1.5 2 25 3
MFC[cm]
Fig. 7 Scatter plot (MFC — Upper Leg Angle (MFC Phase))
i
.3118 a®
S11e A .
=
%_L 114 A
§112 x
-1i]
(]
=110
[0}
8
- 108
s x
© 106
= 15 2 25 3

Mean MFC [cm]

LS Stage - 1Blue, 2Green, 3Red
Frailty : Robust@, PFrail&, FrailX

Fig. 8 Scatter plot (Mean MFC — Mean Upper Leg Angle (MFC
Phase))

BENDDIEHREN S, BINRERRAALNZ. 72, 7L
ANEEEDBITHB T N A R &> TIHREFHEO D
MFC ##n&Ew 5121, MFC B KRERAEDT 2 A R A%
REOTHDAREERNE NI EBNNZD.

AKTFGE 2 Mo HIBFE T T L A VB EE OB ITE AN ZER K
EMHBMBONBSHNI ER otz naeRT LA )L
WCE T E D BB THERE 2 BT A 121X E D Vo T2k FR A
MBI D E BRI ER L T & 20, 72, AEgEs
—var¥y 7F 0 IMU NSEET —Z DR TONTTE
SN, BFERET—v a2 Xy T Ty oBGET—2 LY
MFC OBIEEIRSHT 24T o TofE R, 2 2OV AT ARIZITA
Ty ERBH T ERMIETET VOLRENRK 0.6 THoT-
R EHERROE AT ) ICITEETE RN H o T
(Fig. 9). T b OFHECITIIZE & O Lis b 51%4T 5 Fidt
Ths.

. LMFGC Regression and Scatter Plot (SBJ1)

00

w

© Data
Regression Line

Optical motion capture LMFC [cm]

0 1 2 3 4
Inertial motion capture LMFC [cm]

Fig. 9 Scatter plot (Inertial motion capture MFC — Optical
motion capture MFC)

BE XM

[1] BAREZZESE, (7140 - B aTRmROZOOEFERES
figah, 2022, https://www.jmsf.or.jp/activity/page¥ 792.html.

[21 K& FEF, <mEmd ORE TR OBR L UED, AARERE T
2, 18,3 5, ppl1-20, 2015

[3]1 PRBER, N 4 R nkh s B

[4] Takuya Mayumi, Yasuhiro Akiyama, Shogo Okamoto, Yoji Yamada,
"Identification of healthy elderly's gait characteristics by analyzing gait
parameters,”, Proceedings of IEEE International Conference on
Intelligence and Safety for Robotics (ISR'21), pp. 220-223, Nagoya,
2021, Mar.

[5] Khandoker, Ahsan H et al. “A comparative study on approximate
entropy measure and poincaré plot indexes of minimum foot clearance
variability in the elderly during walking.” Journal of NeuroEngineering
and Rehabilitation 5.1 (2008): 4. doi: https://doi.org/10.1186/1743-
0003-5-4

[6] Khandoker, Ahsan H et al. “Investigating scale invariant dynamics in
minimum toe clearance variability of the young and elderly during
treadmill walking.” IEEE transactions on neural systems and
rehabilitation engineering: a publication of the IEEE Engineering in
Medicine and Biology Society vol. 16,4 (2008): 380-9.
doi:10.1109/TNSRE.2008.925071

No. 24-2 Proceedings of the 2024 JSME Conference on Robotics and Mechatronics, Utsunomiya, Japan, May 29—June 1, 2024
1P2-T01(4)


https://www.jmsf.or.jp/activity/page/_792.html
https://doi.org/10.1186/1743-0003-5-4
https://doi.org/10.1186/1743-0003-5-4

