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Evaluation of Postural Control on the Elderly using Stabilogram Diffusion Analysis

Kazuhiko Y AMASHITA,S**** Yohei NomoTo,** Jun Umezawa,™ Chihiro T AKANO,*** Yuji OTa,*™*
Shuichi INo,**** Toru IFUKUBE,**** Hironori Kovyama,™ Masashi Kawasumr**

Abstract The aim of this study was to evaluate the postural control ability using stabilogram-diffusion analy-
sis(SDA). Any parameters of SDA were compared with several parameters of body sway derived from record-
ings of the center of pressure (COP) with the aid of a static force platform. The subjects were 38 elderly healthy
volunteers. They quietly stood on a static force plat form with open and closing eyes. As the results, there was a
significant correlation between the diffusion constant derived from the parameters of SDA and the parameters of
COP with eyes open and closed. The correlation was found to be greater in the closing eye condition than that in
the open eye condition. The correlations between diffusion coefficients and the range and mean of anterior-poste-
rior velocity were greater than the correlations between the diffusion coefficients and the range and mean of the

lateral velocity. Thus, the muscle of the tibialis anterior and the planter muscles was suggested.

Keywords: Postural control, SDA meth:old, elderly.

1. 3 U & £

BREOEEFHIRD bR TV, EBETFHT A2
Bici, TR & S8R L2k 5h b [1-3).
Linl, SRbEEREIAOMIEICENT 5 FHE T3
B 6 AT, 22 TABRLTR, 209 bOEBEH
OB L7 AMOIMIC BT 5S8R
¥ BE REIrLOEABREERCAN/ LET IS
DAF, HEEL DL HEEE T EATY A(4,5].
F 7 REG FCERORE: FOREYDH L LEREHR

EEETSY v RY YA 2006 FF (2006 4F9 A, #riE)
2006 4 7 B 2 B4+, 2006 4 12 B 4 BELET, 2007 £ 2 A
1 BEHE

Received July 2, 2006; revised December 4, 2006, Febru-
ary 1, 2007.

*FEEERREAZERFEETERFREN
Department of Health Care, Division of Health Care Infor-
mation, Tokyo Health Care University

*EBBESRETERERA T 1 TER

Faculty of Engineering, Department of Information Sys-
tems and Multimedia Design, Tokyo Denki University

T BEOKEFRERERA B LR AMBRERFEL
School of Human Environmental Science, Graduate School
of Humanities and Sciences, Ochanomizu University

e HERELER FRRMEE S 5 —
Research Center for Advanced Science and Technology,
University of Tokyo

Ledwna EamEsnTsy 6], BEmMERZFHT
2L AERYASHEDOICIEKA LT TH-F
PUERFLELLNS.
LBEEEEO—Ex s, FETLIFELLT, BLB
jEEt R R NE, 3 KICEMERATEE S LA AV ELE
IR EREAEHIABITOND. LR ETAHATR
REMLEBRHAOTEHEOV L o0 L L, B
MR ROBIEE 2T A FHELRES LTV A7,8].
LA LERASH a7 — s 03 ohb—F, KH
M EEREE L SRS AT APLETH), AAT
hEORBHECF YY) TL— T 3 Vi EOMERRED
%Et&é.%num&fﬁbﬁﬁﬂ%mwt%M$&u
RERGEETH 570, 5§ OMEREVHET S,
LS A B - EEEE O, ELOBR
%@%&E,%%@ﬁﬁ@u%ﬁ#%ﬁﬁwﬂﬂﬁéwg
n&.:nuibm%@%ﬁ%OEEtﬁﬁmﬁﬂﬁim
RBtsha/:0, BB T L) S5 AFTIv IR
%ﬁuuéﬁbfw&w.%mtm,Ebﬁ%@%&ﬁ%
ﬁ%z%ﬁmibﬁ%&ﬁgu%ﬁLf%ﬁ%%iéﬁm
E%ﬁhﬂﬁ%%éhfwé.L#L,éigiéﬂa
Xy pEEE ATV A, FIERBHIEE T B ICFE
L,ﬁ@Ux7%ﬁ&féé$&u%%uéﬂfw&
v [13, 14].
%%@ﬁ@@%%ﬂ?d,%iﬁ,Eb@%%%ﬁ,ﬁ



(122) HHETS 45%1% (200743 A)

%, BIRAEEORKEE, FOSHIFKEFIMILEHIEA
BBV FEE s, ERCmEIC LY BESL (Center
of pressure: COP) D&RELHF KL WHH K IR S i
WEXhTVA(15-17). Jhid, IREEREOZEFL
SHET COP A s hTwhid, EFFlEgEIFVE
gEsns kit EELLND. L L—FT, COP
OEBEEIMBICERGETH D L) BEN8]L COP
OBIEER & MEELEE D 2 PEHHRICIZEL
BwEnIBRE9 LR HELS V. JORELE
LTED XD LHEETCOPEBMNRET Z2DH, ¥
ELEIEOBBESCTRSAE W EREFIMEEIET LT
VBEELBIEVATRFA v ZICREL TV WD
ThHh, BREOEEY A ZICOVWTEHEEZMA 51213 F
o kEILRZVwEE Z BN [14].

LBEL ST A F 3 v 7 1iThbh b 7, COP DM
BA+oEEL, SEHEOA I XLIIETTERT AT
BT, BELBROBRNT A-FICbERTHLEN
HBEEZLND.

72 TARE TR, ELOBIEETE AW/ LEHEREORF
flilzowT, BEES % ZRICANHET T V2B
2 7-%12, Collins & DeLuca 2 & » CTHRFE[20-22] s h 7z
Stabilogram-diffusion analysis & (SDA &) % AW THE
T kLl ABRXTR, SBHELHRELTELE
A ERL, $7, SDA EOBITHER LIEE» SRV
ENTVWAELEIZRMEE LR S L D/ST X —F OLBEAT
ol IOREENS, SDAETEOLNSE /T A—FDR
HELZ POREPLHEVONE/T XA —F & EORER
WME 525 TAD. XHIIFOERELD, SDAEZHW
T EBEBOFEIIOWTOEEEMAAI L E L.

KBTI, HHEEL LTEREDOHIH - TR ZAT
ofr. EEEZOLBHMOA ST IVREHKTHD, %<
OB AFLEFBLTWDEHETED, BRHET
‘ﬁ,%ﬁﬁlbéﬁﬁ,%ﬁ,%%&fwﬁﬁﬁ,%ﬁ@
Tt E OGRS —RICETL TS EELL
na7-%, FATELA NS T I, COP DEHE D
EELBGMECHERTIEEX. £2T, FmX TR
LEE L ORBIIITDT, BHEOXIRELT, &z
EDHBHZEELT N

2. S D A &

1 ELBEES A LB 5N COPORBRO—F%
. BIFIEO COP OBBIIZHEKE OH IR
T2 LT, BBORERIREREN, TOBERIH]L O
I ICEEERE NS,

SDABERE1INDE I BT vy rhEESE(EATVDE
F25N5%COP DEREERRNISE,P LT TV B
BhETHVWLNE T v A+ — s BREBVWTERT S
LD TH B [20-22].

[mm]

25.0

0 5 l
0 16.0

{mm]

1 ELEHZEHRNC X B COP O —461
Fig. 1 Example of COP displacement.
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Fig. 2 Diagram showing the method for calculating mean
square planar displacement (Ara)2
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Fig. 3 Example of the COP analysis using SDA method.
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W—TFT LV AF AL B COP DHEXRBNIHEB DM S & L3
HIHANG 2 5 EB ARSI, D, MSCD, CTLIZHE
BLTEI&mA 7.

3. ¥ & &

NEEIRESHENS L BH174, K2R, F
PER 7812385 (T0~8T&) Thdb. TXTCOHNEE
REYEFTEET, LER ROEREBEEOBEEEI LV
ZERRERELL.

EZEITELTIE, EBE0BEYHPOLAEZE IO
FHE L/, ETEIRTIC BRI AMEF =y 7, FBIC
IaERROBEIY AEZITV, FHMHLCEDL.

4. T B F &

FLEIEOSHANE, Midi Capteures 38 ¢ Twin99 = A
Wi, H 7Y v 7 EREEE 20 He, SHBREIZ30 B E L
7-. BLENZEIO X, BPELTREIZIIZFITCESLZ
BRTEL LR, EBRICBL T, HIRB XU
BRI S OHIE I TOREE FNEN 1 ET 21TV,
sHllIE TR A ITEr I Y ERL.

EBIINTA2EESL LT, BELBHESOLICEZED
IHICBL P, BEOREHICEEBLSAMETOLD
ThirrELLND. Thbh, HEHOHEEISERER
CEBTAEFHEIRE EITHREIZENT, Collns
5[20]4%, MEDOEOMEY 3cm, HRAEE 10° RKE
L, Raymakers 5 [13]iZWRDOME% 4 cm LEREL, W
BIEFETIECLIBRLTYS. ABIETIX, BHRZE
TOLBHMELINTAI L TREY AZIERLLEY
Sk, NBREBIBREEHENTLTHY, TLERRE
REHITEBEBEROBIAL DL EZ /. £ TINLIE
HEL, MEBORMEIZ8cm DNOELEEL L, MR
CELPFITRFTIIESLAALIER L. BRARILSLIC
I A IS LB ORAITE, RRIREEEZERT AL
fRL, EBTFOmMEFRIAMICRFTLIIOERLL &
OLEBIAEEFEPCORRRIMEETH), HREIZ
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2E1Z 055, FIRERIE 093, BRI EL LD 01%LUTT
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iR - IR OREMEDOSFERA L, FAROAIFRARL
D LEHHEIKENT EDRIETEZ, (p<005)
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male vs female’ Not significant: Drs, MSCD, CTI

4 BABTERE S bR SDA OFER
Fig. 4 Resultant planar stabilogram-diffusion plots when
open eyes.
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Visual input: male: no significant, female: MSCD p< 0.05

5 FARMEILBHEFO SDA OFER
Fig.5 Resultant planar stabilogram-diffusion plots when
closed eyes.
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Fig. 6 Relationship Dr (diffusion coefficients) and total sway
path.
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Fig. 7 Relationship Drs and area.

25 1 .
@ lateral
20 | anterior-posterior =
B
E
g 15 .
st %
1) >
§ 10 s & -
A
5 ‘ﬁ‘g _____ _lateral ‘R2=0.42, p<0.001
L 4
____ anterior-posterior'R?=0.72, p<0.001
6 : : L
-2 0 2 4 6 8 10

D, [mm?/s]

8 MEAFENHE® Ds & X-Y FEIOBKEHEOBGR
Fig. 8 Relationship Dr and range of anterior-posterior and
lateral when open eyes.
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Fig. 9 Relationship Drs and range of anterior-posterior and
lateral when closed eyes.
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Fig. 10 Relationship Dis and average speed of anterior-poste-
rior and lateral when open eyes.

BOMBEEGEER L. E8, 9% ) FRIRROLAHE O
R EE 042, BT ANE 072, BBEREFOLAFH ML 0.63,
B FIZ079, BREZEND0IBLTTHY, D& E
BEAFMOELEIEO R KB EEHE OB I 2B RRA
TH oMl B, RS L UBRRORKHEEICE
WHIE DB B Z E DR T E /-,

X 10, 11 \ZHEB L UHBHEENY O DL L A4, B
BAMOFHBEERE L OMBEEMAEZRLA. H10, 114X
DEHRED D, E EEFHOFHEEEEOMBHREII
0.36, B A ENE 059, FABROLEA ML 088, Ak
i 093 T, EBEEIZ01%UTTHY, Ds LHIBREEH
FIOFEHBEEEOMIC I HBE BRI HEETE . FI,
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F /2, EEFETOEHBEREORR & ARORIZIX
EME6%UT Th 575, BEROFPEHBEREIFK S
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2
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Fig. 11 Relationship D and average speed of anterior-poste-
rior and lateral when closed eyes.

F1 MSCD & £/85 2 —% OHBAKRE
Table 1 Correlation MSCD and any parameters.

total ave. speed of range of

sway ave.speed anterior- range of anterior-

path area of lateral posterior lateral posterior

{mm][mm?] [mm/s?] [mm/s?] [mm] [mm]
open eyes| 0.32 0.60 0.16 0.39 0.003 077
closed eyes| 0.59 0.79 0.64 0.53 0.76 0.70

g2 CTIEL&/T A5 OMEBGRY
Table 2 Correlation CTI and any parameters.

total ave. speed of range of
sway ave.speed anterior- range of anterior-
path area of lateral posterior lateral posterior
[mm] [mm?] [mm/s?] [mm/s?] [mm] [mm]
openeyes| —0.11 —021 —003 -0.15 -024 001
closed eyes| —0.26 —0.05 —0.21 -028 011 0002

£ 1I2MSCD &1 A—7DMHBERERL:. M
AREED MSCD & 3 _TH/3F A — % DREIZIE 053~079 D
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UTThor.

F21C1IECTIE &85 A — % OHBEMFEE AL CTI
BTRTONT A= F 200 THEBEGEZ RHE20ro
7z,

7. & =

7-1 SDA FE# AV -EREOCESEIMHEONE
AT, BRHREOREHEROMES AT LIELK
42702, BIRFEN HEO COP (2D T SDA ¥
2EVTENFL, #E2SAVLATV 2RHRBTRESERE
HEDNRTA—F EOREETo.

EE Y, M4, 52 5UHNOEEERED LML WL
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