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Proposition of a method to predict fall frequency in walking

based on internal factors analysis
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Abstract: It has been reported that there is a significant correlation in the fall of ambulatory and decline in internal factors
such as cognitive function and muscle strength. While these internal factors of the fall decline due to aging, these have not
been considered in conventional risk assessment techniques. This has been caused a problem that countermeasures to
reduce fall risk are not able to be taken. In this study, we estimate the aging of the factors of fall by constructing the model
of internal factors on the basis of the literature data related to the fall in the past. In addition, we propose a method to

estimate an frequency of fall in the coming years.
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Fig. 1 Factors and causes of falling down
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Fig. 2 MMSE deduction and relative risk
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Table. 1 Relative risk calculation of falling down factors

Factor Indicator Relative risk
Aprosexia TMT'-A time (a[s.]) q. = 0.43exp (0.115a)
Having aprosexia q. =34
MMSE (s) qc
Cognitive (AD dementia) =9.0l0g(30 —s) — 65
disorder MMSE (s)

qc
(Mixed dementia) =1210g(30 —s) —11.6

19
Foot grasping power (m/kg]) Gn =——1.7
m
The best effort walking speed _ (0.99)
Muscle (v[m/s]) 4m = 0.38exp v
weakness The best effort walking speed

(Fast/Normal/Slow/Very slow) m =0.5/05/10/30

Walking independence

(Independence/Modified/Assisted) 4m =1.0/61/12

Hemiplegia Brunnstrom Recovery Stage (b) q, =039 +1.3

Spirit of Spirit of independence f=318/1.00

independence ( High / Normal or Low )
Wandering DBD-W score (w) f =0.038w + 1.0
Syncope Syncopes in a past year (/) —
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Table. 2 Indicators and values used in frequency estimation
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Fig.3 Comparison between Estimated fall frequency based on
measured value and measured fall frequency
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Table. 4 Aging estimation of indicators

4 B r b

Indicator | val | Indicator val Indicator val pSrOBZ;r
:ng‘)elclt) I\EIXIS)E 8 | BEWS | 4 Sol | Normal 0
:l(l‘gg)elczt) I‘:%)S)E s | BEWs | 4 Sol | Normal 0
BS?SJ(';?C:) ]\?X[DS)E 0 BEWS | Slow Sol Normal 0
BSl(‘gg)elczt) "E‘X[DS)E 0 | BEWS | Stow | Sol | Normal 0
Y I R e I N
CSL(‘%T;) BRS | 4 | — — | sol | High 0

2-1 T/ORLULEERBIBEE O 3 SHEICES L, I%F A
(2012 4E) ZBWT=% < OF — & THRAIMEE 2T L < T3

Indicator Aging estimation Enhanced relative risk calculation
T?gﬁ a(t) = ag * (1.03)t | q.(t) = 0.43exp (0.115a, * (1.03)%)
“&’[DS)E () = 9.0l0 g(30 — 50 + 36) — 6.5
MMSE s(t) =so — 3t
(Mixed) q.(t) =1210og(30 — sy + 3t) — 11.6

Foot grasping _ ¢ _ 19 _
power m(t) = mg * (0.97) Gm(t) = o7y Y

The best v(t) _ ( 0.99 )

effort walking = vyexp(—0.024t) qm(t) = 0.38exp voexp (—0.024t)

GS1-1-6-3




4-2 AL TR D 2 4 VDO MRFE

3R L2 P FEAE o0 S 2 B WV CRAEZE TR
DZBMEERGE LT REZX 41277, BRIENAHETH -
O EEE A B X0 EERE B ® MMSE, &fiE A Ok
KEENBITHEETH S .

MMSE (E#h# A) TiE MMSE 5528 8 v 5 5 ITIE T4
HLETHIENTZD, EBITI8DO T F ThH Y EHIHE & D37.5%
DBENED HT-. 7~ MMSE (E##E B) TlE, xt%
FHO MMSE BB S YL REHETCH- 7272 FHIE S
IRMEE 220, THME L ERES—H L. KRBT
B (RS A) TiX 2012 0 T-HME 3.8 124 L CTSEAME
4 EWIHFER RSN, EREOEHETN I HITHD
TEEEZDETHE HLCND EMMIRTED.

1(9) 1(9) ® Measured glg ©® Measured
=8 ° ° =3 value 8 3 value
?:_. a O Estimated 3 | O Estimated
5 7 5 7 QT
2 2 value &0 value
£6 £6 £ 6
a5 ) s 5
2 4 E
7 § ® Measured 2 g é g - ©
§ > value é 5 2 >
- O Estimated 1 —E 1
0 value 0 e ® =] 0 ‘
2011 2012 2011 2012 2011 2012
Year Year Year
Fig. 4 Aging estimation of factors
g gmg
5 Fi®
5-1 ftiim

HEE DO N A EL R > & ORI HEE & S5 EIR O RFEA
LT RS, F[FROEEEE %2 T T 5 FEL2FERE L.
F PR A2 B &R TEERIR & L TREEYR
WERE DMK T [T U ZBEN DK T ) TATENEEE O BN
BEO T 2 U, e 5o ERYEE & FH i 7288
BIfERE 2 AW CHIRBSEE 2 HEET 2 FIEZIBE L. K
12, R AE L oo FRUEE J6 S OV A MR BE IR o0 AR e R EE & B
H3 2R &2 SCHED D RO 72, FiRICAET 5 &EkER X
OHBEEE 34 NSELNE 6 ESDT — & 2 T
BISEEHEFEOZYMEERIELIZE 25, 6 fild 5 T
BERE S FRICIE S W IRBIEE 2 E LS H#EET D 2 &3k
7o BT, 1 FHAORELEH FIAE I 5 R E EK OFE
HHEAZ I DWW TRAER L 2 TRl 2 2Rk, fHxHERE
OB ZIE L. DIk, fFHEFHEEND ¢ 5%
OGRS L OGEEE 2 FHIT 2 2 EBNARE L 72 o
7.

5-2 S ORE

St RAFEEHESLT EEbIC, RO T —% 21Nk
LHGEEZIT Y FPETH D, £, ARAFZECTEM L-iEf R
K4 HEHOMIZ, RIRCIRA] & Vo 7o & AHBE & FF o3
REMzZ5Z &, MHxtfaREZRNTHEICHNS T
VAT —HDORFLEIEHEITo TV TETHS.

i

AR EHED DICHY, FRRF T AR A REERIRE K,
BB EEANR— L7 Y = e L TREESIIF I %
WiEWe, BoEeRT 5.

2% Xk
() TA Bir, W20 k4 min A OB RER IS T 518
BIBMR S G 2 D S, RS M SRR, 9: 19-34,
2008

GS1-1-6-4

@

3)

C))

(%)

(6)

(7

(®)

®

(10)

an
(12)

(13)

14

(15)

(16)

amn

(18)

(19)

(20)

@n

(22)

(23)

@4

LIFE2013 20134£9 A 2 H—4 H U3 (ILELKE)

BB G @) B ¥ Rk 22 4 E R CE R LB &
O BEWE N EFE RN
(http://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosal 0/4-
2.html)

Gibson MJ: Falls in later life. Improving the Health of Older
People: A World View. (ed. by Kane RL et al.) Oxford
University Press, New York, 296-315, 1990

FE M, KEE W, AWM, L, R MR,
fEiZ, AR (L B OB & & ik - 385 - LBERE I RS
5 EiA S, BEEEPRIES, vol. 24, no. 6, pp. 807-812,
2009

M OIE, il 5, &E RN, KW OES, Ak S,
Alzheimer BUfi% « JRE RIS EH 2 81T D E T & 38
FESS - REITE) & ORISR, HEZIESFE, vol. 34, pp. 662-667,
1997

I FES, M A3F, PR 7, oK thit, W —AR,
e FHN, mimEICRIT 2 T &RE - BEEERE
FI OB, BEEERERIES, vol. 24, pp. 248-253, 1997

FrE fh, B B, (EERE SRS O RRE - B RhE
& A AR N BT 2 alim SRS, BRFRIES, vol. 33,
no. 3, pp. 97-104, 2006

I %, EEHERE N L — = 7 &k 2EEITEIN RO K
AE— MU AE (L B 12 380 ) 2 MEAE A (b L ik —, B
FE1E2, vol. 24, no. 1, pp. 71-76, 2009

K S, W) fadh, AR A8, Sl (R, e AR
BB R OB & B & OB, FLRRIERE,
vol. 26, no. 2, pp. 179-183, 2011

FE B 2 WA S8 B 5 EEREES
HinE DR & HEE) & DB, AR RFLEATSE, vol.
4, pp. 61-70, 2005

HHH SEW], B M—RL, TE% MLt O s g5k &
K73, IRIELE, vol. 56, pp. 279-286, 2007

Ho s, g AR, Y RACE, TEESERE ST D
WE TR 7 0 7T AOBRE—EBE T v 7T L ORIE—,
PREAPE 2, vol. 22, no. 3, pp. 385-390, 2007

EH Mz, A4 SUN, R B, kel SERE, hE ok
e, & e, HH R, R T, Sk R, &
*pg L U MUS RIS ENZ 3517 D Timed Up & Go Test?
A HVE, BLRTESE, vol. 33, pp. 105-111, 2006

mA R, Kk B, P iz, ML EOKER, @i
th, R HZ, mE AT AR— R N B & B Rk
RERTAM B OMfe] U 2 7 & DB, BEEAHEIAZE, vol. 29, pp.
43-48, 2002

gaoR BEME, AZTH ERE, N4 SUN, PR P, MW JEE,
Filks EERR, & GERE, BR)INEE, SRM T, MRS EE O
AR R A B 2 S RV B K O Sy AT AIRIFJE—5 LR O
BEAFZE D H—, B ZEFE, vol. 36, pp. 472-478, 1999

T W, R TP, xR Bk, REHERG S P L—=
T N RO EE BTG D IR INC AT TR, BPR Ik
B, vol. 24, no. 3, pp. 411-416, 2009

B ARG, ORI SERE, MR vofEl, B fEME, A
Ay B, RBF MISE, MR BHE, (R R, fEBICR
2 s i O WA TN B 3 5 BRRIFSE— ABEh o &y
REERE O > 6 —, BLEIEFRLE, vol. 24, no. 2, pp.
245-251, 2009

PN B, KpE AT, FRAVE ORI & D AERITE
DR L 4 7 O Ji%t, T Rehabili Health Sci, vol. 7, pp. 1-7,
2009

o B, B o, W @H, N mER), AR A,
15 AL PR L B % i 158 7 58 A A O N 28 A b — (e 6
NIZF1T 5 paced auditory serial addition task 35 J2 Uttrail
making test OfRF—, X & AFHMOESE, vol. 7, no. 4, pp.
401-409, 1996

JRR JEE, RBEA AT, T MR, BR SET, L
L, (R EEE SIS T RO E A O W EE—F
i - BEEEORE—, BmRNEREITSE, vol. 26, no. 1, pp.
16-24, 2006

Bracco L, Piccini C, Amaducci L, Rate of progression of
mental decline in Alzheimer disease, summary of European
studies. Alzheimer Dis Assoc Disord 12, pp. 347-355, 1998

LR B, A B, AR B, A IR Sk
K& - R DI 5 AR O DM, KB AR, vol.
42, pp. 84-96, 1997

ARFS ZoE7, )N Fasc, WY, NP OEE, A R
R, A& ES, BEE KM, KB AR, BNy T
U—T7 A )b BTz dind QRN EMD 55310 LU
fin & OBAE, KHEE, vol. 38, pp. 175-185, 1989

w4 CA, R B, O T, fEE Ok, AR BE, Ll
=], HHTFS & OV k2 3515 & i O EENAE /7,
1R J1FH#, vol. 44, pp. 347-356, 1995



	toggle_1: Off
	Alzheimer dementia: Off
	Alzheimer dementia approximation curveRow1: 
	Alzheimer dementia approximation curveRow2: 
	y  902lnx 65Row1: 
	y  902lnx 65Row2: 
	Estimated fall: 
	frequency: 
	frequency_2: 
	undefined: 
	Row1: 
	Row1_2: 
	Row1_3: 
	Measured fallRow3: 
	Measured fallRow3_2: 
	Row2: 
	Row2_2: 
	Row2_3: 
	Measured fallRow4: 
	Measured fallRow4_2: 
	Row3: 
	Row3_2: 
	Row3_3: 
	Measured fallRow5: 
	Measured fallRow5_2: 
	Row4: 
	Row4_2: 
	Row4_3: 
	Row4_4: 
	Row4_5: 
	Measured fallRow6: 
	Measured fallRow6_2: 
	Table 2: 
	val: 
	4: 
	Measured: Off
	Measured_2: Off
	Estimated: Off
	Estimated_2: Off
	Measured_3: Off
	Estimated_3: Off
	value: 
	0: 
	0_2: 
	Text1: GS1-1-6


