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L. BBEEEEE*EHTIHIERL

3.2 SDAEIC & 2> ERBFIHEEDET
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LF— Y OEREERT b, LA T K2l n»
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system) 2 & BHMA L SN, ChEBZHEEEZER
AR $EIR (long-term region) & L. BAANVN—TF VAT
2 (closed loop system) (2 X BHIEPZ SR TD L
W|ELTWEY, TITWIRV—T VAT AL
BIEVVBORENREF LAY HGCOPHEIN,D
FEOBEICHLEL., ZOBE AN -T Y AT LD
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&, FRBT32/KREL ko7, 20D MERICLY
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4 BEAHOEEICLBDERFIMSCDDEL 0 4 D, (BEER) 8 12
EEE vs BIRE area : p<0.01, HFE : Ds vs area:
r2=0.93, p<0.001, FE$%E : D= vs area : 1*=0.92, p<0.001
E5. 640, EEEHLEHREHORUBEZ L ®7 BIREDD. EEROMF
Bt n k., EEEHIIERTEHEERORANEDT 1501
5. EEREFT49%. BIBEETR%NI VI EAbhro
720 De & BIBFEO BRI, HEEHOBR CHME ol FEH :
m;
145046, BIET03]. BHEHOBRIEN LD : .
- —_ O [m]
Ln$., BRT08 THoT =
% 501 A —D - A \
300 [ 5 = At 4o SEEL
o N :
250 F EFEH ]
< o
~ 200 B (o4 D (BHER) 8 12
= © BEE vs B area: p<0.01, BFE : Dsvs area :
23 150 =093, p<0.001, BEE : D vs area : r?=0.79, p<0.001
E._§ a m8 EBIRES(DD. SEROBH
= 100 F 4 5
B
* 50 \ e e
BEER WD RS b,
0 . 6 12 ®9. 10 & . A4 /0 COP DHEHE % iy
De (BHER)

EEE vs BIRE length : p<0.01, BFE : Dwe vs length :
r2=0.46, p<0.001, SE%: D» vs length : Not significant

®5 BRERED D. S HIMEFROBR
300 1

. D/ EEEH
250 o
. ot o
~ 200 1 ju]
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501
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EEE vs BEaE length : p<0.01, BEE : D vs length:
r2=0.31, p<0.05, BES%E : D vs length : 1?=0.85, p<0.001

6 BIEREFM D. & EEBFROBR

B7. 819, BEEHLEHEROBME LKT
e, BEHBIIUNTEBEROTWRIL. MIRTLS
f, IR T21HBAE VI LdbHholz. Dy L EHED
MiRiE, BEEEFORMBRT, MEAEA093. HIRT
093, BEEEEOMIRZ092. FIRIZ079 L wTNLE

bE. BEZBILAT, BREROELGHROBH
HEIZ. BRT52%. BRT47T%HE N EADdro
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5D, £ B F IO COP DBEHEE I 15\ AR
» oz,

7
6 o -
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EEE vs BB ML velocity : p<0.001, HEE : D= vs ML velocity :
r2=0.43, p<0.005, BtHE : D vs ML velocity: Not significant

®9 BIREDD.KEAE (ML) OBEHEEORR
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FHEE vs BEE ML velocity : p<0.001, B5& : Dis vs ML velocity :
r2=0.93, p<0.001, EES%E : D vs ML velocity : r>=0.84, p<0.001

E10 EARESMD. cEHAM (ML) OBEIREORSR

E11, 12 X Wit A 80 COP DBHHE « Ly
&, BEEBRIIHART, oREROMZEAMOBE
HEE, FRT45%. MARTA8% NS WI LHbhro
720 D &R A MOBEHEEDHRIL, FEEHOR
RT04l, FARTO034. SHEEHORIRTO028, AIRT

0.79 T&) b f:o
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—_ BEEH
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& o o
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2 8 12

Des (FBER)
FHEE vs BEE AP velocity : p<0.001, HEE : D vs AP velocity :
r?=0.41, p<0.005, E5%: D= vs AP velocity: r?=0.28, p<0.05

511 BIEREFD D & Fi 5@ (AP) DBELEREDEIR

6 -
_ slo o D///Eﬁﬁﬁ
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s ‘FER% o %s a7
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= % A DA ' A
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o 25 Ay
2 AéA A?‘
Z 1} A SEEEE
% 12
Dre (EBER)

EEE vs BEeE AP velocity: p<0.001, HEE : Drs vs AP velocity :
r2=0.34, p<0.01, BiSE : Dis vs AP velocity : r2 =0.79, p<0.001

12 EAERIFD D SRR TS (AP) DBENEFEDBSE

E13. 14 & 0. ERFHEOCOP DR KHEEEH*
BB ae, BEEERIIHRT, SHEROLERN
DERKBEEEME . FRTL84M, HIEBTlLEREY
ZEFbP ol Dy EEAFHORABZENEBEDOR R

12, EEEZEROMRIET080. HEET07]. BHERD
BIEE 047, BIIETO080TH o7 MEREEL Y AR
BOFEHD. EEEHBDCOP DR ABEEEIZ SV
HEPEDH SN,

251
_ 20} BEEN
=
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= A
€ 15 A f A
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% 10} g f;;‘ A A
g Ay am
o 5 QA A Ea \
= 0 EEEd
1 —

Drs (BER)
EEE vs BEE MLIBEIIES : p<0.001, BEE : D= vs MLISEIEER: :
r2=0.80, p<0.001, SEE: D vs MLIBENEERE: r°=0.47, p<0.005

13 BEERESMD.EEAATE (ML) OBENERORE

25 ¢
—~ 20 -
o
5 EEEn R
E 15 {
=1 AL D a
E wof
@l E‘A R AD A
5 s Mt a
s &L“ BwER
3 Do (EED)  © 12

BEE vs BHE MLIBEIER : p<0.005, BEE : Ds vs MLIBENIER] :
r2=0.71, p<0.001, & : D vs MLIZENEER: r2=0.80, p<0.001

E14 BRERBSOD.&EHAE (ML) OBENERORSHR

®15. 16 & . HikHMO COP DI ABEEREY
BT HE, HEEBIILNT, SREROMKAR
OJ/FBEIFEH . FIRTL6M MIETISEREY
T ENbA o720 D LRI EORABEFHEOBIR
. BEEHORIRTOL7. MRTIL7. BMmEHO
MIET074. BAERTO062 T o720 FIRS L UHIERE
b2 Dy LRI H O COP D i KB E)BEHEIZ = 45
HRD LNz,

25 r
i}
08 mEER s
— A
]
g l R
o A
= A
8 B R
1 —
Dn GER)  © 12

EEE vs BEE APIBEIIES : p<0.005, BEE : D vs APBENER! :
r2=0.87, p<0.001, SiRE : D vs APIZENEEHE : r2=0.74, p<0.001

[0 15 BERESD D L HIR T3 (AP) DIZEIEERDEIR




FRERREAZ &

WTHIEZ HES— FESE JWUSBE )IEBIER

F12 2006 %
25 ¢
20|
= SEER
g .| A 4
= ‘\3 s d 5
£ A
g 10-ﬂ o 40 g
% Aﬁl?ﬁ:@ \
£ s ilfhe moE

L : ;

0
4 1
0 D (EAER) 8 2

BEE vs BERE APBEIRER : p<0.005, BEE : Ds vs APEEIEES -
r2=0.87, p<0.001, SEE : D vs APIBEIEERE : r2=0.62, p<0.001

B16 BFEREFDD. LEI%ASE (AP) OBEIEREOER

F1L 0, MSCD L ELBHEDZ /N T A— % 2 HHE
TA5L. HHE. AIBFMORAKBEERE. D. OB

"BWIHE YRS Gihic, MSCD IR il & RIAH

EHOYYELIERSORBICHERT /ST A—%
Thhbo LmoT, MSCDIZHE#* 52 3ELBED
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H5HAPEABEHEEEIEHER - ARREE L2, Dl b
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Z AT HIHRAFRAOCOPOHMEIZH 2 LEESN
%o

&1 MSCD&EE/INS X—5DER
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= NS 086 | 078 052 | 046 071

6. ZE

6.1 SDAEDINS X—FIC K2 EBHIHEEDERR
FHETIE. SEHE L EEZOLEHHEOHH
AT LOEA, EROLEFIEGEOFTFM/ ST A —5 &
SDAE»LEBONE /N5 A — 5 ORK, FOMBEL
WOWTERT B7:0ICFHR. ARMELLROE.L
BEEtil & 175 72

RELID, BL—THHOBEREEHET EHT
EDREBEEBH LD D IREFOAMNREN &N
bhy, HICBRICX DD ERECHODNB I &
Hhdoize T/, MSCDIZDWT L AAEDHE RHER
HHIL, ®192513 D & MSCD OB LR L7,
DF N, ANV THBOBEGNESENRKENI L
X, BRAZTOEBERSE, LREREDHIKE
(b s EDHER SN,

—%., BREETORHEO/ITA—5THDHCTIIZ

MBTIEH 5N, Ds. MSCD L DHEEL 205
Nizhole 2FH. BEFIHO A H =X LOFT,
BRI L 2HE2TOINTIEAR . COPDIBEIESRE
ZRLLHYE, BEROREAITHLN TS LIEE
X (WA
COPOIBIE#R BT A7 DIELNE LK
$id, HE REBECESRET OL S EBEZEH
ERHAR PEOEAREBRPL AN/ LET IR
EDFHUT B, 2D DI REFERT 5 FIREIC
SR EOEREREIIREBROLIBERE ko7
FREABROSEEHO L EVDbRE, ZOHIHD
HEERPENT AR, BLVL—-7 Y AF412ko
TRIHCOPOREFLHEADNLEANOBEOER
PHREERI Lo THET LA +5Lah, 7
£ —FRy I =TI BHHDENTE LD L EZ
b, LEOBEANL, ERHEBOBN — THFOEE
BRIEEENKEL 2B I EMEE SN,
—FTMSCD BRI L Y RO ADFES,, &L
HINEL R BEBD ) BB, TNIE. BEHHE
FRAXHEEFORE SIZEBLTWLEZEZ N
Bo REIZCOPZHIBTEZIHEERMOEMNEIZ,
THGETRPEOBHROBRILIZIERTE > TnD LH#
WTEB, LIzdtoT, FHIR. BIRIZH22b 5, COP
OBRKRERFZEBLLEVIE2ERTLEEZ
LD, ZOE, E7. 8ORBMRBOME. E13.
140EBHTRAORKEEER. B15. 16 DHiEH
DRABEHEEOKEE, S L. MR, PIRRECTRZ 2,
tr LANS L BB 5 72,

6.2 MEICLDEDEHED/ (S X—5DE(L

5. 64 0. BESHIIHANTEHERORITE
RHAEUNE L e B E Db oT, £/ BT, 84
DERISHEROFIHIERE (b I Edbh
ot B5I2, E13~160 5. RIEAEEFDOCOPD
BABEBERA 15~ 18 BICMBOBECHALTY
I EHbo T,

ZAUEINESIC & Y COP mEI AL, REHRLOED
FRBFLEDHELC T THATHELTVWAZ L
#FLTvho, COPDEEENEESL SBND L) S
it BIEOEDOE—RXA N T —LDEL{ BT L
PET D20, HERELT S EEGICKE RER

N ,BEEL GRS, Lo T, COPEEIET S

72, MALNENVPRELZDBILET, T4AVF
—DYBEE LD, SITHEILZNORKEI—EL
THE, HLOLOEFBETEIDDOIINT—FE
BANRL BBl D, Lzh o> T B9~ 1208
BEGHOOBHEEIIRENDS LI, BEHEHRD

— 48—



SDAEIC & B EmE & HEE LB HIEEOFE

HRERREAT IR
$£15 2006 F

FHEEERELIN D, H40~50% 02 & h, BB
EL/NESL 258 EFEON,

EITRME T, NI L W REHRSR LD LV
3 E D DEYBEFEEFMBELEETH &
HESLEHRIIELLEVECIBE " iH D, A
EHGE, BEBERCLAMBICEIYES L. COP
OHBEOZANLF-LwIBELI S, HE, BLU,
AEEAD COPDRABBEEIAL, SIRELD
SEEBEHEEIZBAITEEVIBREIE LN,

XLIZSDAED/ T A -5 PLMERIZ L D D &
MSCD 2 Rd AHEAIICH L S Edbhoie Tab
5, BRERICBITAHCOPOIRHERAMNOETENSILK
THEELIC, HHORERNWERFIRERDLIL
RLTEY, 2ERTRINIBUBREORD,. @
BB L UHIBERORABHHEBMOLRIZRATDH S
EEZBNS,

6.3 SDAEDI/(S X—% LRREDOEDEHEEHAIICK
BI85 X—5 DHE

TR D EERE, £HFH (ML) O&KBEE
BRI (AP) ORABRBESR HEESZD LN
720 "1 LD, MSCDIZTEH. sisHHE (AP) OR&RK
BB ARBI 2D STz, ‘

1542, Do L RABBESOMBRIRES AL ) L
BHETEVAHEBESED 5t 2HIEMSCDIZDW
THIEERAROER CTH o= BEFHOHE S =%
MEEMICE XD L, MBEAFEOBEEMEATH LR
R, RESED OB RBORENES Y LT
By, EEHAOR XL, RESHEIOHESHIES
LTWwa™® 2 bNb, &6 ICEEHEILERE-
BYBAERRBE DFED S FIELMD &) /NS W
OFEIRMEIHEL L, EESHTHRTERVKE
BEPISIC OV TR AEYS T A LA ME SR T
Wb 20)0

EMETIINEEZMZAAZ L LT RnzdH,
ERUEEOKMIED L Twh, Lizdto TR
5L E IR BIETAEIC L AHIEA R SRTw D & FHl
2hz, @13~16 L h. EEABORAEHERED
T L EERET. EEEHORE T44:05mm.
IR T42+06mm. SEEHOMIET81+£1.8mm. B
BB C6821.6mm Th o 720 HitkFHORKBEIFERED
FHEE, EFEEEOME C57:06mm. FBRTS57
+07mm. SEEHOBIET016mm, HIRT83x
15mm Th oo Thbb, EESR, BHEHLD
(CBIBARRARFE (- B W TR R OB R B B O F 2
EAHMENLREVI EXDPoTe DebERH
ML) LAEAATEVHENEO SN TWSE I &

6. ZRBROFEICRAEERIL D b AIEFAICHRER
2T Twb EEBITE 5,

LALE I, BETHET - 00RHFHR
ok, FRETH 2 RESHZAMOLEFEO
OOV ERESELIET. BEMIIRETS
BizisEL., EEHEL D LHEAMOLIHE L
RFVEEZ HNB,

Thbh, ERE»LELNEHBRHD.ORE
i, RESO MV FRETAH. T SETH.
RERE, RHEEHEYOFICE D EHE L EEICHE
LEBRMEBENTWDEEELZ D, D WHEAMD
B L CHEBREESERLTIT) I EIlhkLDT, |
BAERL D IIREDLHEICEoTBY, EEELT
VB E ol EZ T

INEICOBELEBEFEFAV-ERFHEOTMET
. BEE. @R MG MORABEEET
Wb I EhShorz. AEROBIPFRNEILD X
*B2L, BEREDICHABROERLIVOKRESRD
FELIL Db OMEL BV ENbP D, £/
BEBNDAEICOWTORABROERTH o7z, 72,
EAEAROSABEEE L Y bR FTEOHPHEN
B ML AEBHEBEORTOHEES (KB
THREEILNLZ LD Dol

B F LB B & b EEFEEESEE K
mXg, FRIEDB & UMSCD & OAHBEEE»S D
HAMTE '

7. ¥55m

AR TIE. BEE L BHEOLEHIHEOHEE
FNDEE BT H7-OICSDAFEE R, LT
NTWECOPBIHTD /AT A—F DB EITo72,

%O%%\HmﬁﬂiéDmkMKDum%KlU
KEL BB EDbh ol FLT DB I UMSCD
BHESREDIT A —% ThHEHK. HEEGORAE
EEEE OBICEVWHEBICEDNE I EdhhoT,

BB ECLHERIKREL R PERDIDE LT &F
MOBEN—T VAT LOERGBIEDEIKREL 2D
CENEIOND S5 D BLUMSCDIZCOPD
i AROBBER L & CHEFH L 2 Ebr Y,
FOEHELT, HEBHCREEE. pEBomE
hlnflis-flBORENEEI N, —F. BEO
5 A =4 ThBCTLHEICOPDEZ /T A—5 LDH
HARBO LN o7,

AIFEHEEL D, SDAEIZEI D EHRINL T A—
5. B DnB L TMSCD D EZRFEBR B L U
sElE P LHEETE, BHYASHEEIFATES
TR AR SN 3612, HEILHVERTY




RREBEREASZ &
15 2006

WTHHE HHEF— FESRE JulsE NIBES

BNT A= DERrBVHBRE»SEF LTS
JEDBOON, ZDZ LIESDAEDEERIENE
ErESFHEOFMIANTHLILERLTVS
LEZohB,

S

AR O— I EE S HEHEHER ERHEE
AHREE HIS-BH-LF-002). THHEEE2
B EFE) (BEEE18700479), LHBEEH 2
FRBEHBE0 GREEE17500481). L@H LR
EREEMESE) GREES18300191). FH18EE
EIFEWIEBR. FRISEERRRETH ¥ b 2K
— B R E R F ORI T bz,

51REf

1) Province MA, Hadley EC, Hombrook MC, Lipsitz LA,
Miller JP, Mulrow CD, Ory MG, Sattin RW, Tinetti
ME, Wolf SL. The effects of exercise on falls in
elderly patients a preplanned meta-analysis of the
FICSIT trials.JAMA 1995; 273: 1341-1347

2) A&, BHE BUEF, BAPEA SHREO
UM RERFEICETI—FE. FEHY¥ 1998:26:
103-114

3) SeKREH, AR, fRXA, BEY, THEHE,
AENERS, &R, BIEE, SHE BEESHE
GEREICBET 2 F6NERSANME -5 -
BHMAESS. BEZHE 1999 ; 36 © 472-478

4) Magnusson M, Enbom H, Johansson R, Wiklund J:
Signifi- cance of pressor input from the human feet in
lateral postural control. Acta Otolaryngol. 1990; 110:
321-327

5) Bisdorff AR, Bronstein AM, Woléley C, Gresty MA,
Davies A, Young A. EMG responses to free fall in
elderly subjects and akinetic rigid patients. J Neurol
Neurosug Psychiatry 1999; 66: 447-455

B) WTFHIE, HEET, #RE TR JNBES,
NMUEBE, FEES. EREORS - BMEFICL?
EENOEE. B|H5E C 2004 ; 124 : 2057-2063

7) Lord SR, Clark RD, Webster IW. Postural stability
and associated physiological factors in a population
of aged persons. J Gerontol. 1991; 46: 69-76

8) Black FO, Wall C, Rockette HE, Kitch R. Normal
subject postural sway during he Romberg test. AM J
Otolanrynol 1982; 3: 308-318

9) Goldie PA, Each TM, Evans OM. Force platform
measures for evaluating postural control: reliability

and validity. Arch Phys Med Rehbil. 1989; 70:

510-517

10) Riley PO, Benda BJ, Gill-Body KM, Krebs DE. Phase
plane analysis of stability in quiet standing. J Rehabil
Res Dev. 1995; 32: 227-235

11) Raymakers JA, Samson MM, Verhaar HJJ. The
assessment of body sway and the choice of the
stability parameter (s) . Gait and Posture 2005; 21:
48-58

12) Collins JJ, DeLuca CJ. Burrows A, Lipsitz LA. Age-
related changes in open-loop and closed-ioop
postural control mechanisms. Exp Brain Res. 1995;
104: 480-492

13) Laughton CA, Slavin M, Katdare K, Nolan L, Bean JF,
Kermigan DC, Philiips E, Lipsitz LA, Collins JJ. Aging,
muscle activity, and balance controf: physioiogic
changes associated with bailance impairment. Gait
and posture 2003; 18: 101-108

14) Hasselkus BR, Shambes GM. Aging and postural
sway in women. J. Gerontol. 1975; 30: 661-667

15) Murry MP, Seireg AA, Sepic BB. Normal postural
stability and steadiness: quantitative assessment.
J.Bone Joint Surg. 1975; 57:510-516

16) Collins JJ, DelLuca CJ. Open-loop and close-loop
control of posture: A random-walk analysis of center
of-preséure trajecto- ryes. Exp Bain Res.v1992; 95:
308-318

17) CoJIiné JJ, DelLuca CJ: Random walking during quiet
standing. Phys Rev Lett. 1994; 73: 764-767

18) Collins JJ, DeLuca CJ. Upright, correlated random
walks: a statistical-biomechanics approach to the
human postural control system. Chaos 1995; 5:
57-63

19) Winter DA, Patla AE, Prince F, Ishac M, Giolo-
porczak k. Stiffness control of balance in quiet
standing. J Neurophysiol. 1998; 80: 1211-1221

20) Runge CF, Shupert CL, Horak FB, Zajac FE. Ankie
and hip postural strategies defined by joint torques.
Gait posture 1999; 10: 161-170




FREARECY OF
SDAEIC KD EEE & BFEDREHIEE D 15 2006 %

Summary : Falling is one of the most common and serious problems because advancing age has
been associated with muscle weakness and deterioration of postural control system.
The mechanisms contributing to age-related increases in ability of postural control
and falls in the elderly remain unclear. The purpose of the stabilogram-diffusion
analysis (SDA) method was to study change of the mechanism of postural control
between young and elderly generation. Any parameters of SDA were compared with
several parameters of body sway derived from recordings of the center of pressure
(COP) with the aid of a static force platform. The subjects were 48 healthy young
volunteers (age: 18-64 yeas, mean = S.D: 336 = 14.6 years) and 41 healthy elderly
volunteers (age: 63-87 vears, mean * S.D: 77.7 * 4.3 years). They quietly stood on a
static force plat form with open and closing eyes for thirty seconds. The following
results were indicated. 1. The elderly group was a significantly than the young group
greater in the Diffusion constant Dr and the mean square critical displacement when
eves open and eyes closed. 2. On the elderly group, the correlation between SDA
parameters and COP parameters was found to be greater in the closing eye condition
than that in the open eve condition. 3. The correlations between diffusion coefficient
and the range of anterior-posterior was greater than the correlations between the
diffusion coefficients and the range of medio-lateral. Thus, the muscle of the tibialis

anterior and the planter. muscles was suggested.
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Development of Measurement device of Ambulatory Ability and Postural Control
for fall prevention for elderly
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Abstract

The aim of this study is to develop a simple stabilograph device and to evaluate a postural stability for

healthy and physically weak elderly. This simple stabilograph device consists of seven sensors, which are
positioned on adequate pressure points on an insole, from the viewpoint of anatomically and gait kinetic. It is now
clear that this device measures a center of pressure when walking and standing still. The performance index of
balance ability is used by stabilogram diffusion analysis to evaluate a statistical activity. The index examines the
fall risk from a different postural control strategy between elderly and young.
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Estimation of falling risk by measurement of lower limb muscular power and postural stability
OKazuhiko YAMASHITA, Yumi IWAKAMI, Kazuya IMAIZUMI: Tokyo Healthcare University
Hironori KOYAMA, Masashi KAWASUMI: Tokyo Denki University
Shuichi INO, Toru IFUKUBE: University of Tokyo

Abstract: The aim of this study is to develop a simple stabilograph device and a lower limb muscular power measurement device for healthy

and physically weak elderly. These devices which are used simply and quantitatively measurement are examined to prove useful of fall risk

evaluation.
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Fig.3 Results of toe-gap force and nee-gap force between normal
elderly and physical weakness elderly

Table 1 correlation coefficient of lower limb muscular power

toe—gap force toe—gap force nee—gap
(right) (left) force
toe—gap force
(right) 1 0.70 0.44
toe—gap force
(left) 0.70 1 0.64
nee-gap force 044 0.64 1

Table 2 Classification of lower limb muscular power on fall risk

toe—gap force (right) toe—gap force (left)
2.5kgf and  less than | 2.5kgf and less than
over 2.5kgf over 2.5kef
fall risk high 19 4 18 5
low 5 17 4 18
nee—gap force
10kgf and  less than
over 10kgf
fall risk €N 16 ’
low 8 14
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Table 3 Result of odd ratio for lower limb muscular power

by fall nsk
coefficient of . 95% confidence
} p value odd ratio .
regression interval

toe-gap force , ¢ 0.001 16.15  9.21-28.31

(right)
toe-gap force | -, 4 0.001 1620  9.24-28.39

(left)
nee-gap force 1.39 0.029 4.00 2.68-5.98
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Fig.4 Results of COP trajectory on walking by elderly as
declined physical function
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