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Analysis of the fall avoidance motion focusing on the angular momentum induced by tripping

during gait
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Fall is one of the greatest causes of nursing care for the elderly. Thus, the reduction of fall injury of
the elderly is required. In some previous researches on trip, angular momentum is used as an evaluation
parameter. However, the relation between fall avoidance motion and angular momentum is not focused.
Thus, in this research, we focus on angular momentum as an index of fall evaluation. To reveal the
influence of angular momentum on fall avoidance motion, angular momentum is increased in different
ways. One is attaching weights to subject and another is having subjects walk faster and the other is
pulling subject from the front. The result suggested that the trend of reaction motion differed among
conditions. However, there are some common feature among the reaction motion of these conditions

according to the analysis of correlation coefficients
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Fig.2 Flowchart of inducing trip

Table 1 Marker positions

Number Name [ Number Name
1 Front.Head 13 L.PSIS
2 Rear.Head 14 R.PSIS
3 Top.Head 15 L.Trochanter
4 L.Shoulder 16 R.Trochanter
5 R.Shoulder 17 L.Knee
6 L.Elbow 18 R.Knee
7 R.Elbow 19 L.Ankle
8 L.Wrist 20 R.Ankle
9 R.Wrist 21 L.Toe
10 Sternum 22 R.Toe
11 L.ASIS 23 L.Heel
12 R.ASIS 24 R.Heel
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Table 2 Name of 17-segments

Number  Name [ Number Name
1 R.Thigh 10 L.Upperarm
2 R.Shank 11 L.Forearm
3 R.Foot 12 L.Hand
4 L.Thigh 13 Pelvis
5 L.Shank 14 Trunk
6 L.Foot 15 Abdmen
7 R.Upperarm 16 Neck
8 R.Forearm 17 Head
9 R.Hand
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Fig.3 Result of Pull condition (Proportion)
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Fig.4 Result of Speed condition (Proportion)
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Table 3 Correlation coefficient of parameters

[ MAX' MEAN Time to Peak AM N FS
Hip FS -0.07 0.10 0.41 -0.06
Trunk FS 0.28 0.56 0.23 0.02
COM velocity FS -0.13 0.04 0.14 0.47
Step length FS 0.01 -0.11 -0.01 0.05
Step time FS 0.40 0.00 0.22 -0.25

No. 21-2 Proceedings of the 2021 JSME Conference on Robotics and Mechatronics, online, June 68, 2021
2P2-113(3)



05 1
o
5 I |
P I S |
®
C>-05 1

S S
905? ‘ho"a S \}‘P} ‘}?}X\

?Y,P‘$ Q Q%
0 e
o

Fig.7 Result of Speed condition (Difference)

,
o . HmE EE

Difference

s
©° W

<
\’\0

«ﬁé

N %
Ca U
W ?"09 Nv\

o
Fig.8 Result of Weights condition (Difference)

SEYME & AKER A EE DMz DWW Tk, EARANHIES B A &)
 EAEEENENNT 5720, RBRAENKEWIEEEMEHIE
g3, ZOZ ST LEOEEOMEL2ZIT TS L
ZEzohb.

HORAE £ TR & BB A E MBI D WTIS, IRBEHE %
o, WERRES EIFSAICEIK & AEBIENED T S0, KE
HIAEIRE WV EAEBROBEMNAE X, RAMEIZWZ5
¥ COEMMESZOTIERVWAEEZSNS.,

FS o f i @hE & R EE O EE OBz >V T, ShEEDLD
HEIZ EAMEDPIETHDZ 25, IEOFMBEILE LM FEEI K
ELRBIFLF SKOAEFEINNILS2BILE2RLTNS.
ZDZ N SEBOBNDTEK > TWD & T AAANDEE AV
TVEWNWSIENREZLSNS.

5 i&Em

ARWFFETIE, HREIRFOAEE)E & RE REEDRBMRICER L
LB ET-72. AEHREDOS5 X L REXDELSL 4 DDERM4D
FERE IR U 72, ASNiEEIRBEEIEIRMFIZ Z D B b, A
HEHEOEZHIZLDEWHKRE L ENT.

B8R D &fETIRBI ED IZ X B2 RO ENTF SO AE
N, EEXMETIISTEEDOMENEEOBL IIZRN, BHD
ZMETikBE D OFENRBEMAEOKE XIZEN, IR
H7p AU EREIEA R I N, SRIC BT A E LT
I, FHEERE DA 5, BRI 72 M E B2 O BN Uik
TMA B &S W@rardsZ e, FSHRICHAEEENE-TWVWS
EERITAHAANDHHEAINI K RoTWBZ &R EMNHEEME L
TEZOLNS.

UL, /8T A —X O HHBERE E KD 5 BRI [H Uk
Z, FAUEMIZBVWTERIT T ICBERBEARR SN B EES

MHY, 7IAR=DETWY, BoNT—X 2RI 2127
N—=TH3FE LTV REERTILDIES D EITHUL TS
NS BDOBETHB.

SE

[1] H Luukinen, M Herala, K Koski, R Honkanen, P Laippala,
and S-L Kivel”™ a. Fracture risk associatedwith a fall accord-
ing to type of fall among the elderly. Osteoporosis Interna-
tional,11(7):631-634, 2000.

[2] Stephen N Robinovitch, Fabio Feldman, Yijian Yang, Rebecca
Schonnop, Pet Ming Leung, ThiagoSarraf, Joanie Sims-Gould,
and Marie Loughin. Video capture of the circumstances of falls
inelderly people residing in long-term care: an observational
study. The Lancet, 381(9860):47-54,2013.

[3] C ecile Smeesters, Wilson C Hayes, and Thomas A McMahon.
The threshold trip duration for which recovery is no longer
possible is associated with strength and reaction time. Journal
ofBiomechanics, 34(5):589-595, 2001.

[4] Mark D Grabiner, Timothy J Koh, Thomas M Lundin, and
Dennis W Jahnigen. Kinematics of recovery from a stumble.
Journal of gerontology, 48(3):M97-M102, 1993.

No. 21-2 Proceedings of the 2021 JSME Conference on Robotics and Mechatronics, online, June 6-8, 2021
2P2-113(4)



