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< Contribution™> A study on the measurement of toes grasping
strength and effect of standing postural control, by Sachiko
HANDA, Kunio HORIUCHI & Kazuo AOKI.
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Toes and soles of feet have an important role to keep stability in standing posture and to perform
the bipedal locomotion. The purpose of this study is to develop a toes grasping strength meter, then
to examine age-related changes and the relationship between the toes grasping strength and postural
control performance. A remodeled Smedley’s dynamometer was fixed on a panel and an adjustable
ankle holder was set on the panel to measure the toes grasping strength. At first, we examined the
reproducibility of the measuring method and the correlation coefficient of two separate measures was
0.973. Then we measured toes grip strength of 97 male and female subjects aged 20 to 84 with the
measurement of grip strength, postural sway, foot-balance, functional reach and time of 10 m walk.
The results showed that the toes grasping strength was related to age and declined by ageing faster
than grip strength. The toes grasping strength had significant correlation coefficients with grip
strength, foot-balance with eyes open, functional reach and the time of 10 m walk but had no
correlation with postural sway. It was suggested that the toes grasping strength related to the function
of postural control at standing position, especially the tolerance to falling forward, and it can be
applied to the prevention of falling accidents of the elderly.
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Fig.1 Measurement of toes grasping strength using the
trial production measuring device.
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Fig.2 Average value of the first time toes grasping
strength measured value and the second time.
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Tab.1 Subjects age and body data.

¥y TR R R/IME RAfE
5 z EXXN % 28 2fk 5 28 2tk 5 7 EXZN
Fiim 47.6 45.4 46.4 17.7 16.3 16.9 20 22 20 84 78 84
A58 (kg) |63.7 52.6 57.8 7.9 8.0 9.7 40 42 40 80 85 85
SRk (m) 1.662 | 1.555| 1.606 | 0.070 | 0.057 | 0.083| 1.48 1.42 1.42 1.82 1.66 1.82
2K (cm) |25.5 23.4 24.4 1.1 0.7 1.4 23.5 22.0 22.0 27.5 24.5 27.5
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Fig.4 Measurement of functional reach.
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Tab.2 The average of the each measurement value by the age.

o BHLETRE ¢ R RS R R j:}&‘ﬁﬁ 10 m A1 THFE
| w5 |\ 5 T T g | |2 |
(kg) | (m) | (cm) | (N) (N) | (cm) | (cm? | (cm?) | (s) (s) (cm) (s) (s)
5B 63.7 | 1.71 26.3 | 142.8 | 454 32.5 1.19 1.19 | 57.3 | 16.1 36.1 4.6 7.3
20| & 53.0 1.59 | 23.7 95.6 | 314 32.4 1.21 1.29 | 60.0 | 15.6 | 34.1 5.1 7.2
2k | 58.1 1.65 | 24.9 | 117.9 | 380 32.4 1.20 1.24 | 58.7 | 15.9 | 35.0 4.8 7.3
5 68.0 1.70 | 25.8 | 157.2 | 431 43.9 1.73 1.47 | 58.0 6.6 | 38.5 4.8 7.5
0| & 48.8 1.59 | 23.5 92.3 | 297 32.9 1.31 1.22 | 59.2 19.8 | 35.8 4.8 7.7
£k | 56.5 1.63 | 24.4 | 118.3 | 350 37:3 1.47 1.32 | 58.7 | 14.5 | 36.9 4.8 7.6
] 68.2 1.66 | 25.9 | 135.9 | 432 42.2 2.02 1.82 | 53.9 4.0 | 32.0 5.2 7.3
K| & 53.4 1.57 | 23.5 81.1 | 274 29.8 1.08 1.04 | 52.9 7.4 | 31.6 5.2 7.6
2k | 60.8 | 1.62 | 24.7 | 108.5 | 353 36.0 | 1.55 | 1.43 | 53.4 5.7 | 31.8 5.2 7.5
) 62.3 | 1.65 | 25.2 98.4 | 383 50.6 | 2.47 | 1.96 | 31.9 2.7 | 34.8 5.2 7.8
50| & 58.3 | 1.52 | 23.2 63.4 | 238 34.5 | 1.36 | 1.22 | 45.7 9.0 | 32.1 5.3 7.5
2| 60.5 | 1.60 | 24.3 83.1 | 319 43.5 | 1.98 | 1.64 | 38.0 5.4 | 33.6 92 Fsl
5 60.7 | 1.61 | 24.9 | 100.9 | 334 55.1 | 2.14 | 1.74 | 26.7 2.1 | 30.9 5.6 Tt
60| & 51.8 | 1.50 | 22.9 55.1 | 224 37.2 | 1.88 | 1.88 | 35.3 5.0 | 29.9 99 7.8
£k | 55.9 | 1.55 | 23.9 76.5 | 275 45.6 | 2.00 1.82 | 31.3 3.7 | 30.3 5.6 7.8
4 58.5 | 1.59 | 24.6 63.9 | 279 67.2 | 2.50 1.66 | 14.8 1.8 | 30.5 6.2 8.9
B\f Z 55.0 1.50 | 23.4 57.2 | 213 55.9 | 2.39 1.77 | 15.6 2.5 | 28.7 6.2 8.2
£k | 56.7 1.55 | 24.0 60.6 | 246 61.5 | 2.44 1.72 15.2 2.1 29.6 6.2 8.6
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Fig.5 The average value of the toes grasping strength by
the age.
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Fig.6 The average value of the grip strength by the age.
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Fig.7 The average value of the postural sway total locus
length by the age.
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Fig.8 The average value of the foot-balance by the age.
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Tab.3 Correlation between toes grasping strength and
each measurement value.
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1 p<0.01
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Fig.9 Correlation between toes grasping strength and each measurement value.

“BTEZN REIZZERA A=Y LT EREDL

5, Smedley REJFHEHER L - HIER EZRAMEL 12,
SRR TROMEESH ORE L Z T 20w & O ICHERE
DTFRREFIFT 27012, » 7O I 2ELHTL
ToRER, BACWOFT 22 ETRVLELEIES
hiz, SEIOERICBWT, HBREOER I HK/ND
22.0cm, AN 27.5cm T, ZE5.5cm THo7e D
T, APERDR T4 FROFABEFH T T X THIET 2
ZENTET, BHAER I RBL ORI & U THlE
U788, R AN—DFRH» S 5 KD Rk TR+ 2 2
EBREETH o, BRN—IEL TIEAR I W, B
DRTZETR R LDERbLDY, SHBISICHR
DILEDH 5,

JERHTIBES H OBPIEMEIC OV TIE, IARSIEA b4
YEE—YERBHVEAEBEICELD, 2008 &aHKT
18.4%6.68 kgf TH -7z Z L ZRL T3, FHEH S
EYAFav—FEFERAL, K¥EEOHREEEH L
DINVZH10.6£6.6 Nm EHEL T3, X5,
AHtse L AR EBAE 2 M U CRBHEERT /) ORIE %

144  ARBII% Vol 40, No.3 (04)

RATAHS I, BEM¥ERHBRE L L T10.414.0
kg WO HEMEB TSP, SEOAIEICB VT 20
mAO R 713 117.9£37. 7N OEEZETH Y,
B OBEZITEZIEFAKOBRELR S 2 E0%bho
7z, BIEEOBEERMER, M2 Rt LI, SNuddd
tRECT, AEZRRBD LT, HEGRKIZ R=
0.973 THYVEoIzEWVZ D,

BIRIER D% < 1F, Tk - B CHEMERICE KRS S
WA D 5, EHELHEREELELTZ2000%
$, BICREBOGHECRM, EE2EDBRETTIEE
OFERAMHIRE LT WEAS D 5, EENTHT %8
ETE, HBNHEETDH 2R EHCER IREROFEA
X, BROBCLERTHLEEZ D,

4-2. RHHLIEFHN &AM OFERBENE LU
SHITRRIDRSEIC OV T

SE BRSO BIEE 2 ERFNC g U e i3
{, Bstiz BHHIBEDR THEME & SAEE % i L7
LOWFEAETHY, FHEHSDOFYER 20.812.9 7%



D 1154 (B 55 %, ZHE60£) HhEE2RD#HE
BHDEDATH-7:2, TR OMENfE > iz >
WT DLETIFE T, Larsson 1 10~69 5% D 54 89 4
BLUOIN~T0EOBEME 14 L 2NRE LERM L EH
HOBMEHZEEL, 10~20 &R THEML, 40 %A
OWETHERF SN, ThIUBIEE L b ITET T 5L
WBRTW 22429, T-H & IIEHEEEE 626 %4 (FBHE 319
%, 307 4) ORBEENEIEEDORER, Bl b
2 10 AREED» S 20 ZATE—2 2R, E—7ER
L HE L T 60 R D BRI 50%, MK 70% 11K
TUL, g7mie &b ITHEIRD T 2EHAEED
7229, IR S iE, 28~813K D 1,094 % (51 630 4,
itk 464 £) TREBETEE /713 50 RALIRE, HE 71
OBMUBICEZCETLTWS EHRMEL TWwBED, F
Fo Gt B 25194 (BH2 4, &t
248 %) EXRICK - B - EEEIOEEES TH 2 B
BAZHEEL, ML BLe b ICERICES L,
BUHDOETENKEL, BEINS S B2MERCH T
EHEL TW3B, A, HERNSBLY, IHSIE, #
OIS IO W TOERTHELZE LD TS
2, TEHHDE—21320~30 GBL T 40) AT,
ZO®IEE £ HIET T % L OWMEDNL W ERRTW
22930

AT BT b BEHIEER /113 20~30 KA T2 IE
EAEENEL, SORARTETOEENE %Y, 70
WLl ETIE 20 ARD 50%ICIET L Tz, BLphic R
% E, BHETIEI0RAPRET20 KA L 40T
ZEAEEDNE L S0 RAMETETL 70 iU L THRIE
ExERL7z, ZETE 20 RAVERETI0RALIZTLA
CEBEL, S0MARTETL 0EULEETIZFLEALER
fbLTwiwn, BLOER2AH2 £ 20~60 K £ T3
TR BMED 60~T70% T, 70 LA ETIZH 90% & B
O £ pfEAPSED o vz, TREIIOMZICDWT
¥, B MED 50~70% DEHHICA B L\ S kg H
%m0, REFFEC b B BIEE 7 1% 20~60 5
TRLHERBHED 60~70% Th-o7z. UEDZ L&D,
EEHEEHETOERDO—> L L TIIEOEE,RD 5
LEzon3,

¥ ETFBOBHICOWTIE, TEEHOAMET T
BENEOEDIREN SN T S22, B IFERE &
biCkEornETHEAZRAL, 70U ETIE 20 B
D 5YIET L. Brilica s L, BHETIE 20 &R
DR T 30~40 AR TIZ & A L8 {50 ALK
TL 0 EBRE[EEZR L., ZHETIE 20 AR
BT~ MR TIFEAEENL L, S0RARTETL

R LEETIEEAEZLEITED Sz, BRok
EhHDE20~60KMAE TILTHIZHEED 60~70%
T, 10U LTI 70% & B »iE % 2 EHRAHED
5hiz.,

SEOHEZ BT 20 KR L BT 5 &, T0&UE
DOEEE T ERIBEBH I B 44.7%, T 59.8%
AR, BIIEEM61.5%, 67T 5%IIETLTE
D, REHEEHIOETIBEHOET LD b KEWERA
znRlL7z. BHRIE> OB ORIEME & sy »iEE
BHLEVHLRTVS, e & bic, BEAER
BEHID AREIET L, BEOERO—DIZHN
BTHEZONDEZENS, ZDXDREREFEREL
WS 2701 REHEEFH I ORE B TH S LFH X
5.

RHHEEF ) &£ EOBROE ST XA — 5 LIdHEBSFE
ohkhrotz, LiehoT, MNUNEEL T EIKEE
T, RREEH N OIIEBRFEAOBEG I R n L
%25, Ly, XREEE R S5 BIAREE
R, E-XEEENCEOLEHFCERET 5 LT
FHEERERE & XHEBESREO 6D Z s, MMEBOD
FHREEIO—RNTTHDEEZ L, BES X EER
RELBIHIND  RAWCHHBED H 5 Z L R IREL TV 519,
Ko b Bt ), LEEBRREIHEROED
B0/ T X =5 L OBEE K BHNT R LD
XD ONT:Z L RRELTnEY, SEIOFBERITZ
Nox2XFT25H0T, BEIEEHNIITLE LT
DIRENIEL, BLOMELZEBRIICELE®Z LR
BEC BT SO FEFBECEE T2 L F XS,

BHLAE DT A BE) % HIE 3 5 kAT BE R
(Functional Reach) &, E#ED/ N VAR ER 7
V—=>27%2%—D2DFA%E LT, Duncan 512 &> T
FAFE S M- FHl /TR CTd %2, HBFEFEREHE T L T
Ton - ETFHETIE, FEETAEEZERL 10in UL
OEEE L, V—FBTERVERE R LR LSS,
6+ B OERIFERIIEREHN 8.07HT, 6in KiaDH
BT 4.02f%, 6~10in TiZ 2.00 F &ML SN, EHE
EDOFHBENTD 50TV 5%, [EFRICF R IR FERFE
CEFIOBESENSIRE SN T WS, BFEs 1k, FE
SLALERFFIRER L PR L D b 1o L A T /T & DB
HEMBEN Z E2HEL TV B3, KEES b HinEERAT
PRsBEES N 168 & (58~96 1%) ZERfEIRE 40 4 & FFdn
IR 128 250, SHEBREIIC DWW THEL 726
R, FEEmERIIERERICLL, Eh, BEEER, #
KRB FAETRE, THA /1, Functional Reach, 10 m #
1THERI®B L Of, Timed Up and Go Test CBWTHEIW

[F% - REHEEHHORE LI ESHECRIETHEONR 145



Bh Tl t®ELTWBY,

¥7-, BREBEEGHE 10m RESTHEEEEVE
OHEBED sz, BE (BRH) &, HITROHED
HLUOBICHESR L L TEVTWE ZEBRESATY
32 En5™, BEICERISRESTROMES &
LCE L EE 2 oh, HITRHOM LIcEEEE 2
bDEBbhb,

5 #

AMEL - REHTEAT JHIER L, SBURITRELAR
bHorh, EEMCHNERETE, HENBETHY,
SO FHTRBEEEOTHEICER TH B L H 2 5, Bk
TR /013, S ohnE S 2 b0 & Rk g
WX DET L, BHIBEF I ORZC OV TR, BX
DHER %2 E20~60KRETEILTERIBEED
60~70% T, 70 LA TIZHI 90% & B b HE £ 218
APRD S, BRAAESHICEL T 70KULET
20 AR DKI50%ITIET, B OV TR T0 R EiZ
20 AR D 65%ITIE T L, RREHICER I OETENESN
DETHRID bREWFERZR L, AR 5357
NLOFHFREERE I RIZ T RBIC D W» THRET L 7 KR
T epESs»Tko7, REIEER 7 L8, FR
Fr R SLATR R, RRRAT A BIEER & IEO B 2R
B, 10 m HITHRE & XA OHEVRD shic, BEL
73T R BHEE 1 ORENE L, ELOMEEZHE
BRI BB S ¥ 2 & D A3 T IO TR FRERE ST 1Bl
HLTWwsEEZHND,

Uiz ers, AIEZBECIT) 2L TE, EE
b7 BE % ERT & % BRHIEERH HHEIER I, L
ZRABNDICHAWEEETH S L FE 2 5, BHITERH IO
sz X 2IETIE, £F0HIOMEICL2ETLD D
ETEIEHNZ E»S, BREISESHNIOREZ, BHHID
BT L2&EEDO) A7 2B HKRT 2HEO0—DOTH
2rBEbh, ZOPHEICOVT, KHEBREPALTIS
CHETL T LB H B LH2Z 5,

SEW

) EAXE: GREEEAOEY, HERE 1809,
841~846, 2001.

2) AREEfE, HEFER =@ & i SiE O SR
EFRT 2RFOHL &, 2D FRD DO ED
BR%E, fEREERRIFTIEBIGR S, 15, 2536, 2000.

3 BwH L RR RIZBFEHLE PTYvr—7,
25(6), 437~442, 1991.

4) BEEREK, WERSX, METE, fit | RSO LEN

146  ARBIT%¥ Vol. 40, No.3 (04)

CBILERBLUTEHNIOMEES, A, 9004),
385~400, 1982.

5) M R SAIERBEIE L BEOBRE, RIGEYSMH
5E, 62(3), 406~413, 1987.

6) ®H T, BE B, IEBE, M IR RS
2 RIEOERICE T 285, PT Y r—F, 23(2),
137~141, 1989.

7) R.A. Mann & J.L. Hagy: The function of the toes
in walking, jogging and running, Clin. Orthop., 142,
24~48, 1979.

8) EIBEF : HITHICBIT 3 BB E & 2 D1RE], H

58, 67(7), 606~616, 1993.

9) IEFEA, BEM4L, GHEN, M BRSEIRHIEIC
R 7 RENCEE T 2%, BEEEERE, 173), 199~
204, 2002.

10) EBEES, FEER, =% & M SEEcsD s
REBBHFAIBS TIEBEEIC S 2 20 E, BHPTE,
91, 20~27, 1996.

11) BRESRT BE W aEHFL | BRICESE &7
INT VAR DWT, BERERE, 3, 40~41, 1992,

12) HEF®, =& &, AEBEE, it 2EIBRORR
RSk 3y Ao —, BEAR L KENE,
46(2), 393~397, 1997.

13) /IVREER], MIHEZE, M 5 M SEE O R EIEE
AN HNELEIR I RIZTRE, HEKEREFESSEE,
47(10), 633~636, 1999.

14) KEEE, HEFR, =& & M S6EOEE T
ELTORE N —= 2 IRR, BEFRYE, 28(7),
313~319, 2001.

15) whRNfE—, N O EREEEE GE4M0, EiED
R, B3, 1995.

16) WHTER, EHEE, RV T, fil : B EEnE
DIPINT Y AR RIZTHE (B 1#H — 2RI L
BN v ZDBRICDWT—, BALEEREY, 10,
94~95, 1998.

17)  FHWHEOE, FILIE—, BEE | RRUEHROR /138
SEASHEAHR 7 B E I BT T R E— R RHE R &
T —, WA R—"Y %55, 6, 81~85, 1994.

18) EBHATR, ERET HOEE, fii: 215 - BEELE
BE & RBGIH & OBE, HEHEEY, 27(Suppl), 156,
2000.

19) BBNATR, KR, HEFER, i fESEHE O
HINT v R 2 FHEIT 2RF, BERES, 28(Suppl.), 33,
2001.

20) =& HE, HFEFE D 2H - BEEIRES, Journal
of Joint Surgery, 14(10), 143, 1995.

21) & ¥ FHEOEENE, EEREREE, 12(3), 113~
120, 1997.

22) WLARE, FHIEE, TE/IIEER, i BOf I & 2#
7 —F OREIZDOWT, PEEKEE, 35(5), 1363~1364,
1992.

23) NH f#, ZIFFELE - EEHEESEEORS—HIE R
DOPERK & BIEEOFHIRME O —, HEEREY, 174),
243~247, 2002.



24) L. Larsson: Morphological and functional charac-
teristics of the ageing skeletal muscle in man, Acta.
Physiol. Scand. (Suppl.), 457, 1~36, 1978.

25) L. Larsson, G. Grimby & J. Karlsson: Muscle
strength and speed of movement in relation to age
muscle morphology, J. Appl. Physiol, 46, 451~456,
1979.

26) TH=%4 : TERENORFEZEA—HAFHEFC L 58
E—, UNEV T —¥ 3 VEE 24(2), 85~91, 1987.

27) ILURLEE, BERR  SEE B0 5 TRE O
b, E12ENA A A D=7 RAESKREWME, 391~
395, 1994.

28) FEFH—, BOMKE, S THRIE | N & b 4 Bk
T —{E & = OFHH, FHEE, 43, 113~120, 1994.

29) ANER  BhLHRAS, BEY N, 19(4), 301~
304, 1991.

30) HRIEM, EBIEZ : TEEH, PT ¥ ¥ —7, 32(8),
607~614, 1998.

31) EEEILRFEHIEEETESR | 5 - BERAOES
HEHE(H 2000, 160~165, NBRE AR, B3, 2000.

32) P.W. Duncan, D.K. Weiner, J. Chandler, et. al.:
Functional reach : A new clinical measure of balance,
J. Gerontol, 45, 192~197, 1990.

33) P.W. Duncan, S. Studenski, J. Chandler, et. al.:
Functional reach: Predictive validity in a sample of
elderly male veterans, J. Gerontol, 47, 93~98, 1992.

34) H. Haga, H. Shibata, K. Shichita, et. al.: Falls in
the institutionalized elderly in Japan, Arch. Gerontol
Geriatr, 5, 1~9, 1986.

35) fEEE R FEE T, FULMCHE], fib o SIATREREESI O
b, HREBEEESEE, 23(1), 85~91, 1986.

53 - REIBEG I OWE L I ESRBCRZTREONR 147



