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Abstract

Sways of the center of gravity in standing on Romberg’s foot position with eyes open
were measured under 4 kinds of loads related to informations which were set up by touch
and pressure. The loading conditions consisted of (A) floating inside parts of soles of
articulationes metatarsophyalangeae to cut off those informations using a footstool which
was put on the force plate, (B) pushing the soles between the 1st articulatio metatars-
ophyalangeae and the 2nd one with iron disks to increase them, (C) floating feet fingers to
cut off their functions using the other footstool and (D) locking the joints of knees, waist
and neck to interrupt their postural control. Also, the sways of non-load condition were
measured as control.

The subjects were 5 healthy males and 7 healthy females, from 11 to 41 years old.
Spectral frequency bands of the sways from 0.002 to 1.0 Hz were analyzed with power
spectral analysis (FFT). Some evidences obtained from these analyses indicated that the
sways in a region from 0.003 to 0.061 Hz frequencies had 4 kinds of components in the case
of non-load condition, and that one of them, the power of the region from 0.021 to 0.029 Hz
frequencies had a tendency to decrease its power in the case of condition A and C, and had
a tendency to increase one in the case of condition B and D. Therefore following infer-
ences can be drawn:

1. Input informations set up by touch and pressure of inside parts of soles of
articulationes metatarsophyalangeae control the function of feet fingers including
some influences of central nervous system-control.

2 . The feet fingers control rotations of articulatio talocruralises, and this function
contributes to the postural control in human standing.

3. The body sway caused for this postural control has very low frequencies. This
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sway mainly has a region from 0.021 to 0.029 Hz frequencies in the case of sway of the
center of gravity.
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~ Table1l. Subjects’ age and measured physique.

standing body foot length (cm) foot breadth (cm)
Qubject (fegaer) hight weight

(em) (kg) right left right left

S, 18 171.8 65.5 25.3 25.3 9.9 9.9

S, 19 177.9 66.0 26.7 26.8 11.0 10.5

male S, 22 170.1 71.0 25.0 25.1 10.0 10.4
S, 27 180.5 68.0 26.1 26.3 10.2 10.0

Ss 40 177.0 80.0 27.0 26.3 10.7 10.7

S 11 147.0 44.5 20.6 20.9 7.9 7.7

S, 18 159.2 47.5 22.4 22.5 8.5 8.7

S, 19 151.3 47.5 21.4 21.3 7.9 8.2

female S, 20 158.5 51.5 22.3 22.5 9.0 9.0
Sio 21 161.2 55.5 23.2 23.5 8.9 8.6

Su 25 151.2 41.5 21.6 21.6 8.3 8.0

Sy 41 147.0 51.0 22.6 22.8 9.3 9.2
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Fig. 1. Methods of loads in condition A and C

B WMEEEMBDE 1 LE2HEFBEEIOMI, EFE lcm, BE5mm 7213 3
mm OFEAR (O D E2FER) 2HREBCHIzo VLI TEEL, 74—
QAR N A MV ASN

HRIE L DR ESSmm OO RFEHL, HBENSOTATUEAEHRZLBE(44)
Wik, EX3mmoObOEFEB L, KERIZZIOEHDD S DEB L UMBREIFEHREEMX ¥
22 ERHEHBE L, bOAARBERZTRICRET S 2 LI TERLY, HBEOFZL LS,
FHWBRENSLL L TELI LS, FRIBEHETELZHDEEZD, TOHEMICLSE
B & OB E ORISR NEEDIZAD—HITH D I &, - ZDOMREBVBEEBTH S &
WA I EEEETLE, RS, 2ROELBEEOERLCE b ST, BIEHMOMEEN 4 —
W= 2a— b LT EB I UMBRERERNFEZEBERNTONNT —BEIMT2b0EE L5015,

C WONHHLHED BESMHIROTICH olch—7 % b DBEAMREIERL, T8
7 —AFL— b ECEWT, O LICBIERBEH L 20 & 5 ZBhicFErt
T3 D,

KEFOHFER, B1—Qrd, ZOAaMIE, BETE2ES L UMBREFEROZESR & A
BLTZFOHREMERERET S L 2HME L, BIEHBZOMEBTHL2561E, Z20E
EEBRETIIEREST, AHNEHABLIUB LECABRBEED N7 —0838P T2 LEZ
55, L LEEESEST 20T, 2ROELEHEEIZEMT 5200 LAz,

D &Banty b tHEMOBIKIZED, B, B HOME*EELT7 +—A
7v— b EIZ3LD,

AEHOBIIE, BEXITORAMIER2EL ¢, LEORATFERE2GERT L2 LcHb, £



EIEBCBOTREEOES & VEHEE#RSMEE T 2 &OBRRS 37

OFER,. EHBEEMEE £ L CRBEOE & ZI585 & CRERTRC & 3 RADE# T
BONS I LK B, LIsts>T, 55152 RIRHMES & U R B REE L RIGHE S
S UBRHEBRICROD L 2518, 2 o50ES ENMRI N THOSRME L R UBAREEEED /<
VMY 2 e EZOND, IOHEIIER (1944) bHERL TS 19,

4. B H &

1) BB

T8V a—-YDEEFES%E A/Da>y—2% (SDR; AD8I2) K TF Yy ¥ MEHL, <A
703 a—%—(PANAFACOM ; C-180G) X TEHE 7 — V) = EH(FFT)Ic L 2 /87 — R
N7 MR EITR o, ET—FDOH > 7Y v 7RI 0.5 8, 7 — % 8512, S0
256 W (44316 %), otivfieEaAREE 1 Hz TH 5, REESBEENERESS COR
WEEN A2 H T 570, BED 24£D 0.002Hz & L7120, EEMEE2EB L0103, B/ HED
WEDERMN Y NERELL, 2RAXRI PVOFRICICIENZ Y TOBERFER L,
WEOELERCE IHz U EORERE L OBRERIVE TN TS, 207 ORISR
DAFFETIE, TV TV BRI ARER L H 2, LhrLENS L X HOEMBIRL-£
FREEEBICRE I g » o7, Lcdi-> T, ERAEEEN (o0—/S2) 7409 —i3FH
Lahrotz, $RERMEE, BRIV FOBRECIVEERTE 0T, EEAREBEN (0
ARR) T4V F —bFERALE»- 7,

2) BRIRO¥E

KPFFRD/NT — A7 DV TIR, 1Hz E TOHEBDO/ ST —nKDSNTze D 0.06
Hz U EORBBEBEBD AR M icid, KEBRRRT -2 DE— I BASNKH oI, 2
T, RN RE ZNUTOBEEFR L Uiz, £ 590, REHBIC OV T, A& A~D
DN —PNHEUERMAD /ST — o0 L T 724 iﬁ/}‘bfuxé}\ﬁz&*&mo WERE N 5 4
DFEWIF 4 HLE, THOBECRSLUESRIUEBERLEESE, —ISOMEHD
EHIE LTz, IRICHRL 72 BEBoEBE I, /87— &%i%ﬁbfﬁ%iﬁmb,—ﬁME
DI TEBRRMFIC L 2 FHEERE L 12,

. # R

BI2 ZEERHICBT 2137 —DOFEE L AERRELZ R LD TH S, AR IS
Tix, 0.048 Hz LT O ABEBEBICE T —Basnt, BTORMBEE TR, =250 —
7HRHDARI b VDINEDEDDE =7 28 DIINAESNT. KFORIBERED, SEEHEH
5 TIE7w 0.024Hz £ 0.028Hz DE—7 20 D ahid, BFLRBOERTH - 72,
EEERTIE, BrE=2208—2%23 2020 KE 2 UERLE, XFTIROEDDILD
E—7%du0i, MENCIIBEETRVE = 8a 57, 272K TIRHEBITE 203, 0.016 Hz
DEIBIZ/NE B — 7 BH SN,

INs5DE—7DAER, BLATHEREAMABITY, LFIEBRCEBVL LRV
DA E—7 2RI, L AEEHELS -T2 1500 2HEITNE 20 ThH->
120 L7eD3o TR D ARG THR S NI BLBER I, ZhoDE—2 it d 2 4/
DEERSF EVZ LD, 2L, TRSDE—Z73RBICEIEL THRVLDT, DEDDK
XREHEES D b LAt L,



38 FRRIARAE « W& #

b=}

L/R

0 (Hz) (Hz)
(mm?) (mm?)

3 3

L/R

2 2 4

1 14

0 (Hz) OM(HZ)

. 0.04 0.06 0.08 0.1 0.12 0.14 0.02 0.04 0.06 0.08 0.1 0.12 0.14
(1) 5 male subjects (2) 7 female subjects

2 HERXME (EAM) KBU2ELHEOE T AT b,
FEEHHIT T 1EREEL2RL, (F/B) XET&RENHE, (L/R) BELEHRE
2T, LBONEXTRREUCERREMFERHT 2,

Fig. 2. Averaged power spectra of the sways of the center of gravity in the
control condition (non-load). The vertical lines denote *1 standard
deviations ; (F/B) denotes front-back sway ; (L/R) denots left-right
sway. These expressions will be used in later tables and figures.
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Table2. Counted numbers of the male subjects who showed some increments or decrements

of spectral power in each loading condition by contrast with the power of the control

condition. the subjects were 5 heulthy males, and the numbers with under line were

judged as a significant increament or decrement.

front-back sway
frequece

right-left sway

(Hz)
condition A condition B

condition C

condition A

condition B

condition C

incre. | dec | incre.| dec.

incre.

dec.

incre. | dec.

incre.

dec.

incre.

dec.

.000
.002
.004
.006
.008
010
.012
.014
.016
018
020
022
.024
026
.028
.030
.032
.034
.036
.038
.040
.042
.044
.046
.048
050
.052
.054
.056
.058
.060
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Table 3. Counted numbers of the female subjects who showed some increments or decrements of

spectral power in each loading condition by contrast with the power of the control condition.

The subjects were 7 healthy females in the condition A, B and C, but in the condition D they

were 5 helthy femals. The numbers with under line were judged as a significant increment

or decrement.

front-back sway right-left sway
frequence
(Hz)
condition A | condition B | condition C | condition D | condition A | condition B | condition C | condition D
incre.| dec. lincre.| dec. |incre.| dec. |incre.| dec. |incre.| dec. |incre.| dec. |incre.| dec. |incre. dec.

0.000 6 1 5 2 5 2 3 2 4 3 3 4 2 5 3 2
0.002 6 1 5 2 5 2 3 2 4 3 4 3 3 4 2 3
0.004 6 1 5 2 6 1 3 2 3 4 5 2 4 3 2 3
0.006 6 1 5 2 6 1 3 2 3 4 3 4 5 2 2 3
0.008 4 3 5 2 5 2 4 1 3 4 4 3 4 3 1 4
0.010 3 4 4 3 4 3 3 2 2 5 5 2 3 4 2 3
0.012 4 3 4 3 3 4 4 1 2 5 4 3 2 5 2 3
0.014 5 2 4 3 3 4 4 1 3 4 2 5 3 4 2 3
0.016 4 3 6 1 4 3 4 1 4 3 4 3 4 3 2 3
0.018 4 3 7 0 3 4 b 0 4 3 4 3 2 5 3 2
0.020 5 2 5 1 4 3 5 0 2 5 3 4 1 6 2 3
0.022 5 2 6 1 3 4 3 2 4 3 2 5 3 4 3 2
0.024 3 4 3 4 3 4 3 2 3 4 3 4 4 3 4 1
0.026 1 6 3 4 3 4 1 4 2 5 4 3 5 2 4 1
0.028 1 6 3 4 4 3 2 3 3 4 4 3 6 1 3 2
0.030 4 3 4 3 3 4 2 3 2 5 4 3 4 3 2 3
0.032 4 3 4 3 3 4 2 3 3 4 5 2 4 3 3 2
0.034 4 3 4 3 2 5 4 1 2 5 4 3 3 -4 2 3
0.036 4 3 3 4 1 5 4 1 1 6 3 4 2 4 2 3
0.038 4 3 4 3 1 6 3 2 3 4 5 2 3 4 3 2
0.040 5 2 5 2 3 4 3 2 4 3 5 2 3 4 5 0
0.042 5 2 5 2 3 4 3 2 2 5 6 1 3 4 5 0
0.044 4 3 5 2 4 3 3 2 2 5 6 1 5 2 5 0
0.046 6 1 3 4 3 4 3 2 4 3 5 2 4 3 5 0
(.048 6 1 2 5 3 4 4 1 4 '3 3 4 6 1 4 1
0.050 6 1 3 4 2 5 5 1 4 3 4 3 6 1 4 1
0.052 6 1 4 3 2 5 3 2 3 4 4 3 5 2 3 2
0.054 6 1 4 3 3 4 4 1 3 4 4 3 5 2 2 3
0.056 4 3 3 4 2 5 4 1 2 5 3 4 5 2 3 2
0.058 3 4 3 4 2 5 3 2 4 3 4 3 5 2 4 1
0.060 4 3 3 4 1 6 4 1 6 1 6 1 5 2 5 0
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Fig. 3.

Averaged power spectra of the sways of the center of gravity in
each loading condition on the male subjects. Thick curves denote
the power of the loading conditions, and thin curves denote the
power of the control one.

Condition A : floating the inside parts of soles of articulationes
metatrasophyalangeae on a footstool to cut off the informations set
up by pressure and touch.

Condition B: pushing the soles between the 1st articulatio
metatrasophyalangeae and the 2nd one with iron disks to increase
the informations.

Condition C : floating feet fingers on the other footstool to cut off
functions of the feet fingers.
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Fig. 4.

Avaraged power spectra of the sways of the center of gravity in

each loading condition on the female subjects. Thin curves denote

the power of the contro

1.

Condition D : locking the joints of kneen, waist and neck to inter-
rupt the postural control of them.
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0 1 2 3 4 (min/div)

X5 Ai&ENHEOMAR Stabilogram.
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%o
Eig. 5. Typical stabilograms of the front-back sways. The subject (S,.) is
a female, 41 years old. Upper stabilogram is a raw datum and under
one has been passed low and high pass filters in each condition.
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Fig. 6. Typical stabilograms of the left-right sways in each condition. The
subject is S,,. Upper stabilogram is a raw datum and under one has
been passed the filfers in each condition.
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Table 4. Increments or decrements of spectral power in the resions of freguecy which were
affected by the loads by contrast with the power of the control. (+) denotes the
increment and (+ +) denotes the large one. (—) denotes the decrement and (— —)
denotes the large one. (O) denotes appearance of a new peak of spectral power and
(@) denotes disappearance of the peak.

Ist region | 2nd region | 3rd region | 4th region | region A region B
loading | e
subjects 0d ‘11'1g 0.003~0.007Hz|0.009~0.017Hz{0.021~0.029Hz{ 0.033~0.039Hz[ 0.017~0.021Hz | 0.039~0.06 1 Hz
condition
F/B|L/R|F/B|L/R|F/B|L/R|F/B|L/R|F/B!|L/R|F/B]|L/R
+ | == +4 | ++
A © |® t lo |o
males B 6 * e ; Tt 6 +
c o — - - = |+ | ++
© o © ©
A + + |- === - | ++ + |-
L ©
B ++ |+ |+ + + | ++ + |+
©)
females
c ++ |+ - —~ - |- |+
D ++ - |+ |+ s + | ++
© @

FIAMDSLTDOFBIC H ST —DEENASNT-DT, FhEER A (0.017~0.021 Hz) &
R B (5713 0.039~0.051 Hz, #Z-Fi30.039~0.061 Hz) L, ZO®EELRELT:e ZOE
BT H87 —DBBUCIE, AR & 2HE L FHEOEES - L2 b DR T 2RI,

TLZINE, FRIBYVREA L C TR =08 L, £ B & D TRML D258 2 4855
ERIFBTH oM, 72720, BFOFRMEADBFBEITIE, FIEEETTFH L33 gmL 72,
i, BARDODROREIVKEBETELELRA, ROANDHIZ>THI>TEBLU
PREEERSEEINTLEs D ELEDbNS, KFOBSEBEEEL RS, AFOR
RIOBR LI YL DE IR THWE L BEbh 3,

BAFRELFER A TR, BEFHRICE 7 Db A SNTH, FOMETIE2, 53
FIBIZ CBETII o, B 1IEBEEE BRAFCL > TV - A ST, L
L, BIBBRICRERABERACE2BENS TN T AREN S H 5, FHEHRB Y 2 KNE
fticxsdbnLBbhz,

INSDNRNT—DHEMD S b, BFAIREBEDOSE 3EHICE T 3 0.021~0.027 Hz
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(47.6~38.5 W AH) OFBEHEHBOMBIL, SHOFORR 0% ~VOFEEEZRL T,
BEENES >0, BREOEBBEN/AEI N> THS I, BB, SIIDW THEE
REBRE T o LRI, ¥E L FEROBRTH 7

V. # %=
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FLEHED BB TR E 60 B & D R REL B 5 uf 20, & 2 oA
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